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Art or Science? 

The musical staff system is one of the first scientific 

"graphs" evolved by man. It is essentially a time-frequency

amplitude diagram. The tempered scale which Bach helped 
12_ 

develop, actually a logarithmic series with intervals of <J 2, 

completely revolutionized Western music. 

Bach's Preludes and Fugues are beautiful because Bach 

had the imagination of an artist. They are valid because 

he employed the disciplines of a scientist. 

Imagination and discipline must walk hand in hand if 

modern technology is to fill the needs of modern mar

kets. And the scope of these needs is limited only by the 

ability of market research to identify them. We at Celanese 

regard this task of identifying areas of market opportunity 

second only to the imagination and discipline necessary to 

fill the needs thus established. Celanese® 

CHEMICALS FIBERS PLASTICS POLYMERS 
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MEETS SPECIAL-INTEREST NEEDS ... PRODUCES TOTAL-ORGANIZATION RESULTS 

From every point of view within your organization, the Bendix G-20 makes immediate dollar·savings sense. 
Technical management benefits, for instance, because the Bendix G-20 incorporates the latest hardware and 
software techniques ... because it offers the speed, precision and reliability they require. Accounting and Systems 
management benefits because the communications·oriented Bendix G-20 provides multiprocessing capability, 
maximum total·system utilization ... programming ease and compatibility. By meeting the needs of both these 
special interests, the Bendix G-20 assures Top management of its ability to produce total·organization results on 
the complete range of computer system applications ... now and for years to come. The proven productivity of the 
G-20 at installation after installation ... the extensive services of one of the nation's largest, most respected cor
porations are additional reasons for investigating the Bendix G-20 . . .from every point of view. Call your nearest 
Bendix Computer sales office. Or write to: Bendix Computer Division, Los Angeles 45, California, Dept. C-45. 

T�ncf� Bendix Computer Division 
CORPORATION 
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Decision-Making: Logistics Support . • •  What, Where, When? 

Centuries ago the critical factor in logistics 

support was providing basic supplies

food, armaments, raw materials for simple 

industries. A few decades ago, carrying 

capacity-sea and land transportation

ruled as the decisive element. Within the 

last decade, a new critical element in 

logistics support has emerged. It has been 

created by the complex, interfacing gov

ernmental, industrial and military structure 

of today. This new factor is up-to-the

minute information-gathered from afar, 

varied in content, immense in volume. 

To help provide and control this flow of 

information, SOC scientists, and engineers 

have helped create a new technology: in

formation systems which aid managers in 

determining the "what, where and when" 

of logistics support for world-wide and 

continental activities and forces. 

In developing these systems which pro

vide information processing assistance, 

SOC scientists and engineers have evolved 

an interdisciplinary approach. Teams of 

operations research scientists, engineers, 

computer programmers and human factors 

scientists work together in these major 

system development steps: analyzing the 

system, synthesizing the system, instruct

ing computers within the system, training 

the system, evaluating the system-and 

helping adapt the system to the changing 

needs of its users. 

Scientists and engineers interested in join

ing this growing field are invited to write 

Dr. H. H. Best, SOC, 2430 Colorado Ave., 

Santa Monica, California. Positions are 

open at SOC facilities in Santa Monica; 

Washington, D.C.; Lexington, Massachu

setts; Paramus, New Jersey; Dayton, Ohio. 

"An equal opportunity employer" 

�SDC 
System Development Corporation 

21·901 

© 1963 SCIENTIFIC AMERICAN, INC



SCIENTIFIC 
Established 1845 i\ME RI CAN" March 196:3 Volume 208 Number:3 

ARTICLES 

43 OHGANIC J\L\TTEII FHO.\! SP ACE, It�· Il"illll .\JII:O;OIl 
Are hydrocarbons and "organized elements" in meteorites the remains of life? 

50 ELECTHIC LOCATIO� BY FISHES, h�' I I. \\". Li;'illlallll 
Some species produce a weak electric field in order to "see" objects in the water. 

60 TIlE 'nVO-:\ElTHL\O EXPEHJ.\)E.\T, by IA'OIl .\1. LedeJ'lllall 

How the largest accelerator was used to investigate the most elusive of particles. 

80 THE GENETIC CODE: lI, by Marshall W, i\in'"ltf'l't( 
The sey'uel to an article of last October further elucidates the nature of the code. 

96 THE NATL 'HE A:\,D ,\1EASUIE.\IF:\T OF A.\ X I ETY. by Haymolld B, Cattell 

In which a psvchological entity is defined in terms of its various manifestations. 

106 BALL LIGfrrNING, by Harold \\', Lewis 

This rare phenomenon may represent a stable configuration of charged particles. 

118 TIlE OPEHATlO:\ OX PRESLDE:\T '\]cKL\LEY, by Selil! Adlm' 

He might have survived the shooting if his physicians had acted differentlv. 

132 nO'Y SAP MOYES 11\ THEES, b�' J\lartilll-:l, ZiJIIlllem.allll 

Now aphids have been added to the array of devices used in the studv of sap Row. 

DEPARTMENTS 

12 LETTERS 

22 50 AND 100 YEARS AGO 

32 THE AUTHORS 

72 SCIENCE AND THE CITIZEN 

144 MATHEMATICAL GAMES 

157 THE AMATEUR SCIENTIST 

169 BOOKS 

188 BIBLIOGRAPHY 

BOARD OF EDITORS Gerard Piel (Publisher), Dennis Flanagan (Editor), E. P. Rosenbaum (Executive Editor), 
Francis Bello, Henry A. Goodman, James H. Newman, Armand Schwab, J r., 
C. L. Stong, Anthony W: \Viggenhorn 

ART DEPARTMENT Jerome Snyder (Art Director), SamuelL. Howard, Joan Starwood 

PRO Due T ION DE PA R T MEN T Geralcll\leyerson (Production Manager), Philip Serpico 

cOP Y DE PAR T MEN T Sally Porter Jenks (Copy Chief), Annette Scheinnmn 

GENERAL MANAGER DonalclH. l\liller,Jr. 

ADVERTISING MANAGER iVlartin �l. Daddson 

PUBLISHED MONTHLY BY SCIENTIFIC AM ERI C.lI..N , INC., 415 MADISON AVENUE, NEW YORK 17, N.Y. COPY· 

RIGHT © 1963 BY SCIENTIFIC AMERICAN, INC. ALL RIGHTS RESERVED. SeCOND-CLASS POSTAGE PAID 

AT NEW YORK, N.Y., AND AT ADDITiONAL MAILING OFFICES. SUBSCRI?TION RATE: $6 PER YEAR. 

3 

© 1963 SCIENTIFIC AMERICAN, INC



4 

A New Instrument for Scientific Height 
Setting ... Unequalled in Speed and Accuracy 
Mitutoyo Mfg. Co., Ltd., a world leader 
in the manufacture of high precision 
instruments, is proud to introduce 
the "Height Master" standard refer
ence source. 

The new, practical measuring method 
of the Mitutoyo "Height Master" 
eliminates lengthy preparations of 
gauge blocks and virtually stops the 
possibility of errors in calculations. 
High precision measurements can be 
set and transferred to height gauges 
or other transfer instruments in 
minutes. The "Height Master" oper
ates over a 12" range with accuracy to 
50 millionths of an inch. Riser blocks 
are available for heights up to 36". 
The exceptional ease of application, 
coupled with the dramatic improve
ment in accuracy makes the Mitutoyo 
"Height Master" a versatile and in
dispensable tool for functions of 
quality control such as critical in

spection of layouts, holes, and 
checking height gauges. 

The "Height Master" complements 
Mitutoyo's line of high precision in

struments meeting the basic need for 

simplified precision measurements. 
Mitutoyo Mfg. Co., Ltd. maintains 
these unequalled standards through
out their complete line of high preci
sion measuring instruments. For 
complete details write for catalog. 

FRED V. FOWLER CO. 
u. S. DISTRIBUTOR 

321 Auburn St., Auburndale 66, Mass. 

THE COVER 
The painting on the cover illustrates one procedure in the study of organic 
compounds in meteorites (see "Organic Matter from Space," page 4:3). 
The three objects in the center are, from top to bottom, a type of meteorite 
known as a carbonaceous chondrite, a chunk of terrestrial sedimentary rock 
and a blob of crude oil. Material extracted from each of them is fractionated 
in a silica-gel chromatographic column, shown at the left. Then the fractions 
are analvzed on a mass spectrometer, which determines the amount of 
material present at various molecular weights. The results of the spectro
metric analysis, which come in the form of the curves shown at the right, 
indicate similarities between the meteoritic and terrestrial hydrocarbons. 
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Cover painting by George Giusti 
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For a complimentary reprint of this Artzybasheff illustration) write: Avcot Dept. SA, 750 Third Avenuet New York 17, N.Y, 

Avco helps harness the "horses" for a world on the move. • That takes the knowledge that 

is developing electric propulsion for space flight ... arc-jet power for satellites and s pace 

probes ... multi-fuel engines for ground vehicles. • The skill and facilities that are produc

ing Lycoming reciprocating and gas turbine engines for fixed-wing aircraft, helicopters, 

hydrofoil vehicles, and industry . •  The capacity to envision advanced propulsion systems 

of the future. This is Avco capability-helping to keep defense and industry in motion. 

8 

UNUSUAL CAREER OPPORTUNITIES FOR QUALIFIED SCIENTISTS AND ENGINEERS ... REGARDLESS OF RACE. CREED. .A .,�O 
COLOR, OR NATIONAL ORIGIN ... WRITE Aveo TODAY. Aveo CORPORATION, 750 THIRD AVE., NEW YORK 17, N. Y.� ... -.. ' 
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For applications that range from airborne computers 
to hearing aids, Lear Siegler is shrinking electronic 
circuits down to sizes smaller than a quarter-inch 
square. Reduced interconnections increase reliability. 
Size and weight are pared up to 50 times. Most im
portant, LSI produces these faster than standard 
comp9nents-and cuts costs . •  These new thin film 
circuits typify Lear Siegler's ability to move ad-

vances out of research laboratories and onto the 
production line. • This kind of better design - along 
with an outstanding ability to produce - is impor
tant in defending America and improving our way 
of life. Because it has a way of making the future 
happen faster, LSI may well have the answer to 
your needs in the fields of defense, aerospace and 
consumer electronics, and research and development. 

LEAR SIEGLER,INC. 
SANTA MON ICA, CALIFORNIA 

9 
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integrates any group (0-399) 
in one step 

This new all-electronic Model 522 Spectrum Resolver/Integrator may be used directly 
with TMC "400 Series" pulse analyzers ro perform resolving and integration functions 
without the necessity of intermediate tape recording equipment_ 

As a Resolver the Model 522 takes information directly from any selected quarter or 
half of the analyzer memory and either adds it to or subtracts it from the data stored in 
an adjacent quarter or half of the memory. It is possible to remove individual compo
nents of a spectrum and leave only the desired elements by adding or subtracting 
100%, 10%, 1 % or 0.1 % increments of reference spectra. The operator has precise 

control of the resolving process, and has an accurate visual record of the exact per
centage removed. 

As an Integrator, the Model 522 integrates memory-stored information within any 
band of channels from 0 to 399 ill olle operation. Two modes of integration are available: 

NORMAL mode sums the counts in the preselected band and stores the 
total in the last channel. 

SUBTOTAL mode adds each channel count to the previous one to provide 
a running subtotal. 

With every operation, results are displayed on the analyzer scope and may be printed, 
recorded or punched out by the readout method of your choice. 

Case design of the Model 522 Resolver/Integrator is identical to that of the com
patible "400 Series" fully-portable, 400-channel Pulse Height Analyzers. 

SPECIFICATIONS 
Resolving Rate .......... 0.5 sec. for one add or subtract operation per 100 channels 

% Resolved...... .. .. .... .... ...... . ....... 100%, 10%, l% or O.l% 

Integration Rate ....... ................ .......... 0.5% sec. per quarter memory 
Channel band. . .. . . . . . . . . . . . . . . . . . . . . . Continuous 1 - 400 channels 
Integrating Modes . . .. .. . . . . . . . . . . . . . . .. .. .. .. .. Normal, Subtotal 
Blanking ...... Only channels to be integrated are visible on Analyzers CRT display 

Size.. . . .. .. 8%" w. x 1OlJ!" h. x 2 1" d., 28 lbs. (approx.) 

• 

TYPICAL DISPLAYS 

• 
STOP 

l!ffeGkAf� 
.*AM'U. 

Step 1 Step 2 

RESOLVING 

NORMAL INTEGRATION MODE 

SUBTOTAL INTEGRATION MODE 

TMC is the original designer/producer of transistor. 
ized multi-channel analyzers_ Today, TMC instrumenta
tion is delivered to every nation in the free world for 
use in the most advanced laboratories known to man_ 
For full specifications, information, consultation, 
please write or phone your nearest Sales Office or 
factory direct __ . North Haven CE 9·2501. 

TECHNICAL MEASUREMENT CORPORATION 

10 

441 WASHINGTON AVENUE, NORTH HAVEN, CONN., U.S.A_ 

Sales Offices in all Principal Cities of the Free World 

EUROPE: TECHNICAL MEASUREMENT CORPORATION, GmbH, Frankfurt/Main, Germany 
FAR EAST: NICHIMEN CO., LTD., Tokyo, lapan 
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You can take a pencil 

almost anywhere ... 

but not into THIS room! 

When marking, pencils leave tiny deposits of 

graphite behind them. Particles of matter 

even that small "matter" in the Chandler 

Evans clean room facility. They represent 

contamination. 

Similarly, ordinary paper contaminates

hence, paper must be "non lint-producing" 

or coated with polyethylene film. And even 

then it is thoroughly vacuum cleaned before 

accompanying its bearer through an air 

shower into one of three separate clean 

rooms. Such are the precautions taken in this 

unusual "laundry" for space hardware. 

Technical competence, state-of-the-art facil

ities, an impressive inventory of high-pre

cision and tape-controlled machine equip

ment-ail combine at CECO to produce 

aerospace pumps, valves, controls and sys

tems known for thei r superb performance. 

In addition, the ability to manufacture, 

assemble and test close-tolerance mechan

isms has earned high regard for CECO as a 

subcontractor. Use your letterhead to request 

a copy of the new Chandler Evans brochure 

outlining products, facilities and subcontract 

capabilities. Write to Mr. L. G. Burns, Vice 

President ... 

��) 
/ ./CECO . 1 .� 

�' ! SYSTEMS 
CONTROLS 

CHANDLER EVANS 
CORPORATION 
West Hartford 1, Connecticut 

A MAJOR INDUSTRIAL COMPONENT 
OF FAIRBANKS WHITNEY CORP. 

• gas turbine fuel controls/pumps 
• aerospace control systems/servos 
• aircraft/engine accessories 

II 
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TIME DIVISION MULTIPLEX 
may provide a better way-

to run a railroad to control communications 

to automate an oilfield to monitor a missile 

Time Division Multiplex provides, for 
many applications, the most economical 
way to monitor and control the status of 
remote points and to transmit alarm or 
control data to a central station. As noted 
above, TDM is widely used in such diverse 
applications as helping the railroad dis
patcher keep track of his trains; standing 
guard against fire, burglary, and casualty; 
controlling pumps and valves at remote 
locations; and transmission of launch 
control signals. 

A simple all-solid·state encoder generates 

serial time-coded signals which vary in 

duration in accordance with the input in

formation being monitored. A decoder, 

synchronized with the encoder, provides 

an information output identical with the 

coder input signals. The decoder's elec

trical output may be used to operate 

lamps, relays, or control circuitry. 

The coded information is transmitted 

over wires, telephone channels, VHF 

radio, or microwave links. Logic circuitry 

affords extremely high immunity to noise 

and spurious signals, and virtually ex

cludes improper control function. 

For a free illustrated 16·page brochure of 

application notes describing the theory 

and application of MARC coders and de· 

coders for remote control, telemetering, 

and data transmission write James B_ 

Bullock, Vice President. 

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

Sirs: 
Is a wolf called "wolf" because he 

wolfs his food? Or a fox "fox" because 
he's foxy? 

In the article on hamsters in your 
January issue it is said that the animal is 
named from the German verb hamstern. 
Hamstem is a colloquial word, analo
gous to the English "squirrel away." In 
both cases the word or phrase derives 
from the characteristics of the animal 
rather than the other way around. 

Actually, it is believed the word 
hamster (in German del" Hamster) 
comes from an Old High German word, 
Hamastro, meaning corn weevil, prob
ably from another of the hamster's pro
pensities-to wit, burrowing. 

ARTHUR J. MORGAN 

University Research Associates 
New York, N.Y. 

Sirs: 
"The Perception of Neutral Colors," 

by Hans Wallach [SCIENTIFIC AMERI
CAN, January] was particularly interest
ing to me as one of the relatively large 
group of the color-blind. 

The ring-and-disk experiments were 

Scientific American, l\larch, 1963; Vol. 208, 
No. 3. Published monthly by Scientific American, 
Inc . . 4]5 Mu(lison Avenue, New York 17, N.Y.; 
Gerard Pie], president; Dennis Flanagan, vice· 
president; Donald H. Miller, Jr., vice·president 
and treasurer. 

Ediwl·ial ('oJ'respondence should be addressed to 
The Editors, SCIENTIFIC AMERICAN, 415 Madison 
lhctlllC. New York 17, N.Y. Manuscripts are 
submitted at the author's l'isk and will not be 
returned unless accompanied by postage. 

Atl"f'I·tisillg cOI'l'espondencc should be addressed 
to l\lartin M. Davidson, Advertising l\lanager, 
SU£NTH'IC AMF.IUCAN, 415 ::\ladison Avenue, New 
York 17, N.Y. 

Suhs«-'I'iption cOl'l'espondence should he ad. 
dressed 10 Jerome L. Feldman, Circulation Man· 
ager, SCIENTIFIC Al\IUIICAN, 415 Madison Avenue, 
New York 17, N.Y. 

Offpl'int '�OI'I'Cspolldcn('c and orders should be 
addressed to W. H. Freeman and Company, 
660 l\larket Street, San Francisco 4, Calif. 

Suhscl'iption rates: one year, $6; two years, 811; 
three years, SIS. These rates apply throughout 
the world. Subscribers in the United Kingdom may 
remit to l\lidland Bank Limited, 69 Pall Mall, Lon· 
don SW I, England, for the account of Scien
tific American, Inc.: one year, two pounds four 
shillings; two years, three pounds 19 shillings; 
three years, five pounds eight shillings. 

Change of ad(Jress: please notify us four weeks 
in advance of change. 1£ available, kindly furnish 
an address imprint from a recent issue. Be sure to 
give both old and new addresses, including postal 
zone numbers, if any. 

anticipated by perhaps 40 years by the 
poet Charles Wharton Stork, who wrote: 

Standards 

White is the skimming glill on the 
somber green of the fir-trees, 

Black is the soaring glill on a 
snowy glimmer of cloud. 

CLYDE E. HOLVE1\STOT 

Assistant Chief Engineer 
Ingersoll-Rand Company 
Painted Post, N.Y. 

Sirs: 
In his article "The Thymus Gland" 

[SCIENTIFIC AMERICAN, November, 
1962] Sir Macfarfane Burnet presents in
teresting immunological concepts. His 
statement that to a microscopist "the 
thymus is a rather uninteresting organ" 
may not reflect the views of many mor
phologists. Two points deserve special 
comment: 

1. "The" thymus in the human is de
scribed as a "two-lobed organ." A paper 
in 1933 by G. L. Weller, Jr., on the 
development of the human thymus in
dicates that there are two separate thy
muses, a left thymus and a right thymus, 
and not two "lobes" of a mid-line organ 
("Development of the Thyroid, Para
thyroid and Thymus Glands in Man," 
Contributions to Embryology, Carnegie 
Institution of �Tashington, Vol. 24, No. 
141, pages 93-139; 1933). This is the 
case in all animals that have thvmuses. 
This distinction may be of fund:lmental 
importance in understanding thymic 
regulatory function because the t�vo 
glands often behave asynchronously. 
Studies in our laboratory have indicated 
that when leukemia develops in some 
strains of mice, it begins in one thymus, 
whereas the opposite organ undergoes 
characteristic pathological changes. The 
accompanying photograph [upper il
lustration on page 14J shows leukemic 
enlargement of the right thymus [rec
tangle] of a mouse, whereas the left 
thymus remains quite small. 

2. The histology of the thymus is per
haps more interesting when one consid
ers an important aspect of thymic physi
ology: the Hassall's corpuscles. These 
cystic epithelial structures in the medul
lae of the thymuses are in dynamic ac
tivity, constantly forming, enlarging and 
rupturing. Cells entering these stomach
like cysts are probably dissolved. A cell 
being intruded into the cavity of a Has-
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EARLY WARNINCi SYSTEM: 

IVORY COAST 

THe appearance of a canoeful of Hostile tribes-

111en or even a strange group on a jungle trail 

starts tHe dru111s talldng. THis is literally true. THe 

drul11 beats of tHe Ngere tribe on Africa's Ivory 

coast are not a code, but i111itations of HU111an 

speeCH patterns. THis dru111 language, warning 

tribe me111bers of tHe approacH of ene111ies or 

strangers, l11ay be Heard up to twenty l11iles. 

Ingenuity of a HigHer order is needed for 1110d

ern col11l11unication. Radio increases tHe speed 

of sound to tHe speed of ligHt. REL tropospHeric 

scatter radio - IVHicH furnisHes col11l11unications 

for so l11any 111ilitary and civilian uses- vastly 

increases tHe reliable range. 

In leaps as great as 500 l11iles its l11essages 

speed, disdaining forl11e1' obstacles SUCH as 

tHe sea, tHe SaHara, or tHe Far NortH's snowy 

solitudes. REL can Help you leap over tHe 

obstacles to your col11l11unications as well. WHY 

not call or write today? 

Radio Engineering Laboratories· Inc 
A ,,,bsidiar)' of D),,,",,,ics Corporatio" of Alllerico 

Dept S • Long Island City I, New York 

Creative careers at REL await a few exceptional engineers. 

Address resumes to James W. Kelly, Personnel Director. 

, 
1 
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square a number . . .  

extract a square root, 

on the Friden SRQ-automatically! 

The Friden SRQ is the only desk 

calculator in the world that pro

vides both automatic squaring of 

numbers, plus automatic extraction 

of square roots. 

To square a number, simply enter 

it on the keyboard and touch one 

key. The answer instantly appears 

in the upper dials. 

You can also square a number, add 

or subtract it from a running total, 

all in the same operation. 

To extract a square root, simply 

enter the radicand on the keyboard 

and touch one key. The square root 

instantly appears in the lower dials. 

these unique features on an easy

to-use, fully-automatic, desk cal

culator. Two other new Friden Cal

culators, the Model SBQ and the 

Model STQ, offer you automatic 

squaring, along with a whole array 

of other automatic features. Every 

engineer and statistician should 

have one. 

For a no-obligation, lO-minute 

demonstration, call your local 

Friden man. Or write: Friden, Inc., 

San Leandro, California. 

Friden 
Only the Friden Model SRQ offers Sales, Smice a"d /""",clio" Thwughoullhe u.s. a"d Wo,ld 

I sail's corpuscle is shown in the second 
photograph [lower illustration below]. 
Since these Hassall's corpuscles are 
found only in the thymus, they, as well 
as the lymphocytes of the thymus, may 
contribute to the biologic uniqueness of 
these organs. 

RICHARD SIEGLER, M.D. 

Laboratory of Cancer Research 
Albert Einstein Medical Center 
Philadelphia, Pa. 

Cell intruded into a Hassall's corpuscle 

© 1963 SCIENTIFIC AMERICAN, INC



© 1963 SCIENTIFIC AMERICAN, INC



We put 900,000 holes in this wing to make it fly better 

You can't see them. But they're there. And they help solve 
one of the most baffling problems in the history of aviation. 

The problem centers around a thin boundary layer of air 
that flows next to the surfaces of an airplane in flight. This air 
becomes "turbulent" as it passes over the wings, causing a 
sharp increase in friction drag - drag that robs the plane of 
speed, range, and engine power. This turbulence has nothing 

to do with bumpy air; it occurs even when the plane ride is 

as smooth as silk. 
To overcome this problem, Northrop has conducted a 

14 -year research program, and has developed a system called 

Laminar Flow Control. Row after row of paper-thin slots are 

put in the wings of an airplane. At the base of these slots 

are pin size holes. A pumping system inhales the boundary 

© 1963 SCIENTIFIC AMERICAN, INC



layer air through the slots and holes and expels it to the rear. 
Swoosh! Eighty percent of the friction drag from boundary 
turbulence is gone. 

Laminar Flow Control will make it possible to extend the 
range, endurance, or payload of large aircraft by 50% or 
more - with no increase in fuel consumption. Best of all, per
haps, is that it can be added at very nominal cost. And this 

initial cost is quickly recovered by economies of operation. 
Laminar Flow Control is being applied by Northrop to two 

U.S. Air Force jet aircraft, which will be designated X-21's. 
These will be flown in 1963 to demonstrate the new technol
ogy. Results of these tests should radically alter the funda-
me�tal concept.s of large. p�ane 

NORTHROP desIgn, economICS, and mISSIOns. 
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BETTER [3 
MEASURING 

FROM 

Engineers of the Martin Company have developed 
an automatic card testing machine that electronically 
inspects printed circuit cards used in the firm's 
PERSHING, BULLPUP, GAM-83 missile systems 
as well as its air defense and communications sys
tems. Key to the speed, simplicity and cost savings of 
the machine is the EI Digital Multimeter which dis
plays test results of the tape program at the push 
of a button! 

Each of the 1000 printed circuit cards produced 
daily by Martin can now be given 32 quality tests 
in less than 2 minutes - work which formerly took 
an experienced electronics technician and inspector 
15 to 45 minutes per card! 

As in the case of Martin, EI all solid state Digital 
Multimeters are your answer to greater speed, higher 
reliability, significant cost savings and a much lower 
investment. 

Whether your interest lies in spacecraft, electronic 
components or industrial processes, we can demon
strate to you the advantages of EI digital instruments 
in measuring DC volts, AC volts, DC ratios, resist
ance, capacitance, inductance and impedance. Let EI 
all solid state Digital Multimeters provide you with 
swift, accurate, low cost solutions to your measure
ment and display problems. 

For full details on EI's individual digital instruments, or 
our complete capabilities in the field of measurement, dis
play and recording-write direct in care of Dept. MA-2. 

Carle W. Collins, production test engineer, Martin Company·s 

Orlando (Fla.) Division, inserts coded Mylar tape into the 

reader unit of the Tape Programmed Automatic Tester which 

he designed. 

[3 Electro Instruments" Inc. 
8611 Balboa Avenue, San Diego 12, California 
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Hustle a convoy-trailer down the high
way at 30 mph. Turn off the road and 
wade into rugged terrain. That's what 
Army Engineers wanted. That's what 
Caterpillar delivered ... and is produc
ing ... the unique 830M. 

Unique Capabilities ... Unique Ve
hicles. This machine has road speed 
and terrain-taming power. The 830M 
is a 4-wheel drive articulated tractor 
with hydrau I ic steeri ng. It took the spe
cialized facilities and deep experience 
of Caterpillar to create it ... a typical 
example of how Caterpillar capabilities 
can serve military needs. 

First Requirement: Mobility. Here's 
52,200 pounds that can snap along at 
30 mph with a loaded trailer. It can 
turn in a 40-foot diameter. It fords 3 
feet of water, rides a plane or a train 
(to Berne Scale specifications) and can 

be operated by any motor-pool driver 
checked out on trucks. 

Second Requirement: Power. The 
830M clears sites and cuts roads with 
a bulldozer and an 18-yard scraper. 
Bulldozing, it handles more than 100 
bank cubic yards an hour. On a 1500-
foot haul with the scraper, it moves 348 
bank cubic yards an hour. 

Third Requirement: Reliability. Pre
production model logged over 800 hours 
of bruising duty during exhaustive tests 
at Caterpillar's Peoria Proving Grounds. 
Caterpillar know-how built the 830M ... 
Caterpillar reliability went into every 

working pound. 

Caterpillar Added the Extras. The 
830M pushes a freight car without rail 
damage. It pulls an amphib from the 
water. It can tow a tank ... push a snow 

plow or be equipped with compactor 
wheels. It performs in punishing cli
mates-from an arctic 250 below zero 
to a tropical 1250 above (F.). 

New Military Challenges. If your or
ganization's research plans include 
special veh icles, components, engines 
or generator sets, you'll want to know 
more about Caterpillar's unusual re
search and development capabilities. 
Write to Defense Products Department, 
Caterpillar Tractor Co., Peoria, III. 

CATERPILLAR 
Caterpillar and Cat are Registered Trademarks of Caterpillar Tractor Co. 

Caterpillar Tractor Co., General Offices, Peoria, III. • Caterpillar 

Americas Co., Peoria, III. • Caterpillar Overseas S.A., Geneva 

Caterpillar of Australia Pty. Ltd., Melbourne · Caterpillar 

Brasil S.A., Sao Paulo · Caterpillar Tractor Co. Ltd., Glasgow 

Caterpillar of Canada Ltd., Toronto • Caterpillar France 

S.A., Grenoble· Caterpillar (Africa) (Pty.) Ltd., Johannesburg 
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DYLITE® foam plastic cuts packaging costs 20 % at Motorola 
When packaging engineers at MOTOROLA 
changed to interior packing made of 
DYLITE expandable polystyrene, they 
lowered their packaging costs 20%. This 
rigid foam plastic protects against shock 
and abrasion, and reduces shipping dam-

20 

age. MOTOROLA no longer takes time fold
ing, then hand packing bulky pieces of 
wadding to wedge the products in place. 
Easy-to-pack corner pads of DYLlTE pro
tect clock radios and portable television 
sets. DYLlTE trays and inserts brace tran-

s istor radios inside the set-up boxes. 
This Koppers foam plastic is extremely 
lightweight and can be molded in almost 
any size or shape at low cost. Check the 
coupon for information on how DVLITE 
can help you cut your packaging cost. 
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Look what they did in Texas ... with glue 
Two of the largest open-span buildings in 
the country are the new gymnasium and 
auditorium at the THOMAS JEFFERSON HIGH 
SCHOOL in Port Arthur, Texas. All the 
arches that support these dramatic spans 
are laminated from glued-up timbers. The 
main arches which span 215 feet and the 
15S-foot-long perimeter arches, which 
must withstand the most humidity and 
weathering, are laminated with PENACO
LITE® adhesive from Koppers. This water
proof glue makes a bond that is every bit 

as strong as the wood it joins. 
Architects like wood because it's warm 

and beautiful, easy to work, familiar to 
construction crews. Laminated wood has 
the extra advantages of great structural 
strength and low cost, and when laminated 
with PENACOLITE adhesive, structural tim
bers give the ultimate resistance to weather, 
age and strain. Check the coupon. 

Architect: CAUDILL, ROWLEIT, Scorr-J. EARLE NEFF. 
ASSOCIATED ARCHITECTS, Houston & PorI Arthur, Texas 

This wood roof deck 
is always hot and 
wet-but it won't rot 
The weave room at the DAN RIVER MILLS 

plant in Danville, Va., is kept at 90°F. and 
85% relative humidity. These conditions 
rotted out the old 4-acre wood roof deck, 
and spot repairs couldn't keep up with the 
decay. So they built a new roof-again 
with wood because it is light, a good 
insulator and easy to erect. 

But the new roof isn't ordinary wood. 

After 30 years, canal engineers stillfind 
coal tar coatings best corrosion protection 

This time they used WOLMANIZEO® pres
sure-treated lumber for the new 3/1 deck. 
WOLMANIZEO lumber is permanently pro
tected against rot and decay because it is 
processed in a pressure chamber in which 
all air is evacuated from the wood cells. 
Then a solution of WOLMAN® preservative 
salts is forced into the wood fibers under 
high pressure. The preservative will not 
leach out. It has no odor. It will not 
corrode nails or bolts. The lumber can be 
painted or glued, and it can be worked 
like untreated wood. Check the coupon. 

COI/suiling Engineers: LOCKWOOD-GREENE, INC., 
Spartanburg, S. C. 

Oldest man-made link in the St. Lawrence 
Seaway is the WELLAND SHIP CANAL, com
pleted in 1932 at a cost of some $132 
million. The builders made sure they pro
tected this investment by using the best 
corrosion preventive then known for the 
many tons of structural steel work that 
would be in constant contact with water. 
They specified BITUMASTlC® No. 50 coal 
tar coating-and they're still specifying it. 
In fact, the average life of the BlTUMASTlC 
No. 50 on this canal has been eight 
years, and some of it has lasted fifteen 
iYears before requiring touch-up. 

BlTUMASTlC coatings are coal tar based 
and the secret of their unequalled corro
sion protection lies in the tight benzene 
ring structure of the coal tar molecule 
which is impervious to water penetration. 
BITUMASTIC No. 50 is only one of the 
many products in the BlTUMASTIC line. 
This is a tough, heavy-duty coating that is 
five to eight times thicker than conven
tional paints. Koppers makes a complete 

line of BlTUMASTlC coatings for corrosion 
protection of steel and concrete surfaces 
in plants, pipelines, highways, railroads 
and commercial construction. Check the 
coupon for information about corrosion 
protection with coal tar coatings. 

KOPPERS 
Divisions: Chemicals & Dyestuffs 

Engineering & Construction · Metal 

Products • Plastics • Tar Products 

Wood Preserving • International 

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

D DYLlTE® EXPANDABLE DBITUMASTIC® COATINGS D PENACOLlTE® A DHESIVES DWOLMANIZED® 
POL YSTYRENE -Ligh t- -Coal tar coatings for cor- -Resorcinol-based adhesives LUMBER - Per

w e i ght, sho ck-resi s t a nt rosion protection of steel and for permanent, waterproof bond- manent rot, termite 
plastic for packaging concrete ing of wood laminates & fungus protection 

Fred C. Foy 8·1 Name' ___________________ _ 
Chairman of the Board 
Koppers Company, Inc. Compally' __________________ _ 
Room 1434A, Koppers Bldg. 
Pittsburgh 19, Pa. Tille' ___________________ _ 
Please send me additional 
informat ion about the 
Kopper s products or serv
ices that I have checked. 

S,ree, ___________________ _ 
CilY & ZOlle _________ S,a,e ______ _ 

--------------------------------------------------� 
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Whether you are processing data from outer space, the ocean's 

depths, or from your own laboratory or test bench, Raytheon's 

Digital System Design Service can help you do it faster and more 

accurately. 

Using your specifications, Raytheon specialists integrate stand

ard, performance-proven digital components and logic modules into 

a complete, high speed data handling system that meets your 

individual needs. 

Called DATA DESIGN, this highly specialized Raytheon service 

encompasses logical engineering, the use of off-the-shelf modules 

and components, and, when necessary, the design of interface units. 

Then Raytheon engineers assemble, test, ship, install and site-test 

your completed system. And this is accomplished in minimum time, 

at surprisingly low cost, using off-the-shelf units of highest relia

bility. These are selected from Raytheon's ample inventory of 

megacycle logic modules, analog-to-digital converters, multiplexers, 

power supplies, format generators and packaging hardware, in

cluding chassis and panels. 

Without cost, Raytheon DATA DESIGN technologists will analyze 

your data handling needs, carry out preliminary engineering, and 

submit a technical proposal of your complete system, based on 

your specification s. 

Again, if you are involved with the acquisition, conversion and 

processing of data - be it nuclear spectroscopy, wind tunnel in

strumentation, radar pre-processing, vibration analysis, physio

logical data, a process requiring automatic control, or construction 

of a digital television system - chances are Raytheon DATA DESIGN 

can help you, as it has already helped many industrial and govern

ment groups faced with a high speed data handling problem. 

For the complete, no-obligation story of Raytheon's DATA DESIGN 

Service and how it might help you, write: Raytheon Company, 

Dept. 150, 1415 Providence Turnpike, Norwood, Massachusetts. 

50 AND 100 

YEARS AGO 

MARCH, 1913: "On Monday of last 
week the Edison kinetophone was ex· 
hibited for the first time in public on 
the stages of four prominent vaudeville 
theaters in New York City. In the first 
film a man made a speech explaining the 
perfecting of the talking picture by 
Edison in the obtaining of absolute syn
chronism between the pictures and the 
sounds. Then a pianist played, a bugler 
sounded the reveille, a young lady sang 
and some dogs appeared and barked. A 
second picture showed a minstrel enter
tainment in which the various members 
of the troupe performed as naturally as 
in real life, although there was no mis
taking the fact that the talk and music 
were produced by a phonograph. The 
intensification of sound necessary in a 
theater apparently gives to it more of 
that metallic quality of which it has been 
successfully deprived in the smaller 
drawing-room machines. Nevertheless, it 
is no more disagreeable than the voices 
of many of the actors who appear on the 
vaudeville stage. The present talking pic
tures last about five minutes each." 

"Recently reported experiments of a 
Dutch investigator have gone far to con
firm the theory that the electricall'esist
ance of all conductors would be reduced 
to zero by cooling the conductors to the 
absolute zero of temperature. By boiling 
liquid helium in a partial vacuum a 
temperature of only three degrees above 
the absolute zero was attained. At this 
temperature the resistance of mercury 
was found to be only one ten-millionth 
as great as at zero centigrade." 

"Specifications that have lately been 
issued for Army aeroplanes are not near
ly so rigid and difficult of fulfillment as 
they doubtless would be if the aeronautic 
industry in America had kept pace with 
that abroad. The new machines must be 
capable of a speed of from 38 to 55 miles 
per hour. They must carry two persons 
and a radio-telegraph set weighing about 
75 pounds. They must ascend 2,000 feet 
in 10 minutes when carrying a live load 
of 450 pounds, and must make a contin-
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Word Picture. This is a picture of the 
spoken word "you." By analyzing the 
sound with a spectrograph, the Labora
tories' Lawrence G. Kersta makes a print 
of the word in graph form. Graph shows 
frequency, time taken. and intensity used 
in making speech sound. 

News from Bell Telephone Laboratories 

WE'RE uFINGERPRINTING" 
VOICES • • •  TO FIND BETTER WAYS 
OF TRANSMITTING THEM 

Acoustics scientists at Bell Telephone Laboratories study 

voices to learn how one voice differs from all others, what 

makes yours instantly recognizable to friends and family, and 

what the elements of a voice are that give it the elusive 

qualities of "naturalness." 

To enable us to examine speech closely, we devised a 

method of making spectrograms of spoken words. We call 

them voiceprints. They are actual pictures of sound, reveal

ing the patterns of voice energy. Each pattern is distinctive 
and identifiable. They are so distinctive that voiceprints may 

have a place, along with fingerprint and handwriting identifi

cation, as an important tool of law enforcement. 

The shape and size of a person's mouth, throat and nasal 
cavities cause his voice energy to be concentrated into bands 

of frequencies. The pattern of these bands remains essen

tially the same despite modifications which may result from 

loss of teeth or tonsi Is, the advancement of age, or attempts 

to disguise the voice. 

Study of voiceprints and recognition factors is part of our 
exploration of new techniques to extract and transmit the 

minimum essentials of a person's voice and from these recon
struct the original voice at the receiving end, retaining its 

factors of naturalness. 

Our ultimate goal, as always, is to learn how to improve 

your telephone service and make it a better value. 

BELL TELEPHONE LABORATORIES 
World center of communications research and developmen� 

'/ 
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* 
UPPER-HALF STORAGE 

OR NON-STORAGE 
* 

LOWER-HALF STORAGE 
OR NON-STORAGE 

* 
FULL-SCREEN STORAGE 

OR NON-STORAGE 
* 

EASY ERASE 
* 

ONLY 2 CONTROLS 

-------

* 

TRACE-POSITION 
LOCATER 

* 

REPETITIVE-TRACE 
INTEG RATER 

* 

RECTANGULAR, 
CERAMIC CRT 

* 

AMPLIFIER AND TIME-
BASE PLUG-IN UNITS 

---. ---. -
"-- ',- \-.-

� .. 
-.. --.. --�-

For storage and non-storage displays-The Type 564 has display capabilities for 
upper-half, lower-half, or full-screen storage or non-storage (with conventional crt 
operation in the non-storage mode). 

The storage capability lends itself to single-shot displays at slow or medium speeds 
and displays of repetitive waveforms at faster speeds using the integ,-ation technique. 
Single-trace writing speed is faster than 25 centimeters per millisecond. On repetitive 
tl-aces, the integrate feature provides an increase in stored writing rate. For example 
it is possible to increase the stored writing rate by at least lOX on 12 repetitive traces. 
Storage time can be more than one hour; erase time approximately 250 milliseconds. 

The Type 564 has display capabilities for differential, multi-trace, wide-band, delaying 
sweep, and sampling applications. 

Type and degree of performance depend upon 2-Series and 3-Series Amplifier and 
Time-Base Plug-In Units used. 

Type564 Storage Oscilloscope (witho", plug·;n unit,) . .  $950 

PI�g-ln Units pictured (in full-screen-storage display): 
Type 3A 7550 mvlcm Amplifier Unit ' . ' $175 
Type 2B67 Time Base Unit with ,'ng'e-,weep facility $175 

NINE OTHER AMPLIFIER AND TIME-BASE UNITS AVAILABLE. 
U.S. Sales Prices, Lo.b. Beaverton, Oregon 

Call your Tektronix 
Field Engineer for 
more information or 
to arrange a 
demonstration. 

Tektronix, Inc. 
P. O. BOX 500 · BEAVERTON. OREGON I Mitchell 4·0161· TWX-503-291-6805 • Cable: TEKTRONIX 

OVERSEAS DISTRIBUTORS IN 27 COUNTRIES AND HONOLULU. HAWAII 

Tehtronix Field Offices are located in principal cities throughout the United States. Please 

consult your Telephone Directory . Tehtronix Canada Ltd: Field Offices in Montreal, Quebec . 

Toronto (Willowdale) Ontario. Tehtronix International A.G.,Zeughaus·Gasse #9, Zug, Switzerland 
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uous flight of four hours' duration during 
the first part of which a flight of 180 
miles across country must be included. 
All new Army aeroplanes must be capa
ble of rising from or alighting on a har
rowed field or a field covered with long 
grass in not over 100 yards." 

"At the age of 85 years and living al
most in penury, Charles Tellier, the in
ventor of the system of cold storage now 
used all over the world, was decorated 
recently with the cross of the Legion of 
Honor and banqueted by the Interna
tional Cold Storage Association. A sub
scription of $15,000 was raised for him, 
so that the remaining years of his life 
may be passed in comfort. Like many 
another inventor before him, he sacri
ficed everything in carrying out a bril
liant idea. As early as 1876 he built the 
ship La Frigorifique, which took a cargo 
of frozen meat from Rauen to La Plata, 
the first consignment of what has since 
become an industry of world-wide 
trade." 

MARCH, 1863: "Ever since the com
mencement of the potato disease in 1845, 
if not a little earlier, there has been a 
very marked diminution in the rate at 
which population has advanced in west
ern Europe. In France the rate of in
crease was estimated at .646 per cent per 
annum from 1801 to 1836, at .445 from 
1836 to 1856, and it is now less. In west
ern Germany there has been an extreme
ly slow increase in most parts and an ac
tual diminution in others-Electoral and 
Grand Ducal Hesse. In Great Britain the 
population, since the census of 1841, has 
increased no faster than that of France. 
That of Ireland has greatly diminished. 
That of Scotland has scarcely increased 
at all. The whole increase is in England 
and Wales, and generally speaking in the 
towns and manufacturing districts. To 
take the case of England and Wales 
alone: these had 18,000,000 inhabitants 
in 1851,20,000,000 in 1861; but it must 
be remembered that England draws con
stantly increasing supplies of people 
from other parts; the total 2,000,000, 
therefore, cannot be set down as the 
natural increase." 

"H. Roper, of Roxbury, Mass., has in
vented and completed a steam carriage 
that, according to report, subserves the 
ends for which it was made. A recent 
trial of this innovation on the 'old style' 
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THE VENTURI 
TURBULENCE SENSOR 

A product of extensive studies in hydrodynamics at Aerojet-General®, the Venturi Turbulence Sensor is used for 

investigating the macrostructure of turbulence in fluid media. _ Simple in construction, the Venturi Turbulence 

Sensor has no moving parts. It consists of a venturi hydroframe with a cylindrical piezo-electric transducer element 

which forms the venturi throat. The transducer is free to expand or constrict radially under differential pressure 

changes across the throat that result from the turbulent velocity fluctuations in the fluid field sampled. Electrical 

charges proportional to the resultant stresses produce an e.m.f. which is amplified and recorded on any standard 

direct-writing oscillograph to indicate the magnitude and frequency of the velocity fluctuations. _ Applications: 

investigation of the relationship between turbulence and temperature at any depth; turbulence and diffusion (water 

pollution studies); turbulence and land erosion; turbulence associated with internal waves; water tunnel analyses; 

and general oceanographic studies. _ For complete information on the application of the Venturi-Turbulence 

Sensor to your needs, write Oceanics Division, Aerojet-General Corporation, P.O. Box 296, Azusa, California. 

EmmlZDlm[ll1l OCEANICS DIVISION Azusa, California 

(Venturi Turbulence Sensors illustrated approximately 85% actual size.) 
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but Don't Touch It ! It only looks motionless ... an effect 

created by the intense, pulsing white light of Strobotac, now synchronized 

with the whirring saw blade. The blade is moving at 1762 rpm (you can 

read the speed directly on the dial). Yet you can see each tooth and cut

ting edge sharply and without blur. 

Strobotac allows you to analyze cyclic or repetitive motion - to under

take studies not possible by any other means. Its wide range of flashing 

rates - 110 to 25,000 per minute - can measure speeds up to 250,000 rpm. 

It imposes no load on the mechanism under study and reliably "reports" 

speed with 1% accuracy. 

In industry, Strobotac checks register and impression quality without 

stopping the swift-moving web of a high-speed printing press. It "sees" 

the slipping drive, the chattering spindle, the erratic 

bobbin in a textile mill. In the laboratory, it 

reveals the wobble of a propeller, formation of fuel 

sprayed from a diesel nozzle, interaction of gears, 

mechanical stress and vibration ... it effortlessly 

"observes" any complex, repetitive phenomenon, 

even if physically inaccessible. 

This is a tool to be used with imagination. 

What can it do for you? 

Write for Bulletin 
3032-9. 

Type 1531-A STROBOT AC 
Electronic Tachometer 
and Motion Analyzer 

. :. $275 

GENERAL RADIO COMPANY, West Concord, Massachusetts 
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was verv successful; it passed through 
Boston, and, meeting a car on the horse
railroad, turned off the track and went 
around the car with as much ease as if 
drawn by a horse. On a smooth road or 
on the rail, with 60 pounds of steam (the 
usual amount), the carriage can be run 
at the rate of 20 miles per hour. The 
weight of the carriage is 650 pounds." 

"Measures are now in progress that to 
all appearances will lead to the construc
tion and laying of another Atlantic cable 
at no very distant day. On the fifth in
stant an influential meeting of capitalists 
and merchants was held at the Chamber 
of Commerce, New York City, for for
warding the project of the new Atlantic 
telegraph. Mr. Peter Cooper stated that 
the facility such a telegraph would afford 
to merchants in sending and receiving 
orders and obtaining the prices ranging 
in European markets would compensate 
them for all the cost involved in the 
undertaking. Such a telegraph would 
also tend to prevent misunderstandings 
between Great Britain and the United 
States. Mr. Cyrus W. Field stated that 
he wished to correct a wrong impression 
made on the public mind with respect 
to ocean cables. It was a common belief 
here that all such cables hitherto laid had 
been failures. This was a mistake; and he 
read a letter from a firm in London en
gaged in the manufacture of submarine 
cables, in which it was stated they had 
already laid 44, the total length of which 
was 9,000 miles, and all were in good 
working order." 

"According to M. Arago, astronomers 
and others have failed to arrive at a 

satisfactory explanation of the twinkling 
of the stars because of their failure to 
give an exact definition of the term 
'scintillation.' He affirms that, in so far as 
naked-eye observers of the heavens are 
concerned, scintillation, or twinkling, 
consists of very rapid fluctuations in the 
brightness of the stars. These variations 
are always accompanied by variations of 
color and secondary effects, which are 
the immediate conseyuences of every in
crease or diminution of brightness; such 
as considerable alteration in the apparent 
magnitude of the stars and in the length 
of the diverging rays, which appear to 
issue in different directions from their 
centers. It has been remarked from a 

very early age that the phenomenon of 
twinkling is accompanied by a change 
of color. It is asserted that the name of 
Barakish, given by the Arabians to the 
star Sirius, signifies the star of a thousand 
colors. M. Arago also asserts that the 
planets twinkle." 
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TO MANUFACTURING MANAGEMENT: 

NOW • . •  data can be captured right where the transactions occur . . . 

Are you being bomborded with prob,ems thot could have 

been solved had you only been given the facts in time to take 

effective action? 

Are you getting today's data today? Or, ore you getting 

reports which can be classified as ancient history? 

Does your data collection system provide the type of timely 

information you need to effectively monitor and evaluate 

production performance, quality control, inventory, man

power, standords, etc? 

NOW, with NCR's TRANSACTER* Source Data Collection 

System, data can be captured right where the transactions 

occur. It is then flashed over cables to a central collection 

point where it is fed into your processing system and converted 

into action-type reports - in time for your decisions to be 

most effective. 

INTERESTED? Write to Data Collection Systems and Sales 

Division of The National Cash Register Company, Dayton 9, 
Ohio. A special Manufacturing Management Report will be 

sent to you by return mail. 

*TRANSA(TER is a trademark of the General Time Corp. 

NCR PROVIDES TOTAL SYSTEMS-FROM ORIGINAL ENTRY TO FINAL REPORT
THROUGH ACCOUNTI�H INES, CASH REGISTERS OR ADDING MACHINES, AND DATA PROCESSING 
The National Cash Register Co. -',133 offices in 151 countries· 79 years of helping business save money 

. 
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Basic Research at Honeywell 
Research Center 

Minneapolis, Minnesota 

The Measurement of Surface Roughness 
by Radioactive Adsorbents 

Roughness of surfaces affects several parameters 

including physical movement, magnetic properties 
and rate of reaction. Radioactive adsorhents now 

offer a means of accurate repeatable measurement of 

roughness on a molecular scale. 

Scientists have long known that the degree 
of surface roughness has a profound effect 
on the physical movement between sur
faces, on the physical and chemical proper
ties of materials and on the rate of reaction 
with a reacting agent. If the degree of 
roughness could be accurately and quickly 
measured, the characteristics of the surface 
could be predicted. 

The problem facing the scientist is simi
lar to the topographer measuring a moun
tain range but the scientist is dealing with 
a molecular scale in attempting to measure 
the true proRle of a surface. 

Langmuir, in 1918, discovered that cer
tain gases werc adsorbed on a smface in 
certain cases as a monomolecular layer. In 
a closed system he would measure the 
amount of gas adsorbed by the surface. 
Knowing the area of each gas molecule he 
could then determine the surface area. The 
techniquc was limited in its sensitivity and 
did not apply to multi-layer adsorption. 
Langmuir extended his technique to liquids 
when by dipping a clean glass plate in oleic 
acid floating on water, he found that the 
surface was covered with a monomolecular 
layer of the acid. With diffraction kch
niques he was able to make a rough meas
urement of the surface. 

Today progress is being made using the 
new techniques of radioactive tracing. 

If a species that would be adsorbed as 
a monomolecular layer is tagged with a 
radioactive material of known specific ac
tivity (number of counts per unit weight), 
measurement of the cou nts on the surfacc 
will yield the number of molecules ad
sorbed. Thus, as with Langmuir's tech
nique, if the area occupied by an adsorbed 
molecule is known, tbe total surface area or 
roughness can he calculated. 
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Stearie acid was thc adsorbent usually 
used but it would not stick on some sur
faces and could not be used on many 
materials. 
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ON ALUMINUM AT 25° C. 

Honeywell scientists were particularly 
concerned with measuring the surface 
roughness of glass and searched for a rapid 
technique that would work in an aqueous 
solution. Since detergents are known to 
coat materials they were considered as a 
promising group to be tried. They offered 
wider applications and could be used on 
plastics, glass and metals. By varying the 
concentration of detergent it was found 
that there is a range in watcr at which the 

detergent is adsorbed as a monomoleeular 
layer (See Fiq. 1.). Hexadecyltrimethyl
ammonium Bromidc (HlI"lAB) was chosen 
and taqged with C". Thc radioactivity of 
the detergent adsorbed on the glass surface 
was measured and from this the number of 
molecules on the surface was determined, 
and thus the area was calculated. 

Accurate measurement of surfaces has 
led to sOllle interesting insights into sur
face characteristics. 

I n thin Permalloy illms the en-ect of mod
erate roughening did not chanqe the 
coercive force. Upon further roughening, 
however, there was a sharp rise in coercive 
force. 

When the surface of the substrate was 
varied by unidirectional scratching a phe
nomenon known as hi-axial anisotropy 
(two easy directions of orientation by a 
magnetic field) was noted for the first time 
in the material. In addition, aging of the 
surface was observed as the investigation 
proceeded. 

Measurement of the surface area has also 
permitted Honeywell scientists to deter
mine the effect of varying roughnesscs of 
glass on the speed of movcmcnt of mercury 
- leadinq to predictable response in faster
acting mercury switches. 

Further understanding of the effect of 
surface roughness is looked for as the 
surface area measurement techniques are 
refined. 

If you are actively engaged in work in 
this field and wish to know more about 
Honeywell's techniques you are invited to 
correspond with Dr. Joseph Kivel, Honey
well Research Center, Hopkins, Minnesota. 

If you are interested in a career at 
Honeywell's Research Center and hold an 
advanced degree, you are invited to H write Dr. John Dempsey, Director 
of Research at this sanle address. KomlllL 

Honeywell 
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I F YO U'R E 

LOa KING Fa R 

TH E LATEST' 

HeTe is the CopytTOn) America's newest 

electrostatic copier. It's also the fastest: twice the speed 

of other high-volume dry copiers. The most economical: 
lettersize copies only 2Y2¢. The most useful: takes origi

nals 11/1 x 17/1. The easiest t o  own: a t  $2975, the 

Copytron costs less to own than others do to rent! 

CLEARLY. 

YOUR 

CHOICE 

IS 

(BRUNING) Charles Bruning Co .. Inc. 
Mount Prospect. Illinois 
IN CANADA: 31 AOVANCE ROAD. TORONTO 
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Even where 
this tag shows, 

Estane· polyurethane 
materials are stable 
After exposures of up to 100 mega
roentgens, Estane polyurethane stays 
strong and flexible. It is surprisingly 
stable when exposed to radiation, in
cluding penetrating Gamma rays. 

If you want to give a product tough
ness, abrasion resistance, extended flex 
life, low temperature performance, re
sistance to fuels and solvents, low-gas 
permeability, learn about Estane ther
moplastic elastomer. It processes easily 
on standard thermoplastic equipment. 
F or technical bulletin and applications 
brochure with sample, write B. F.Goodrich 
Chemical Company, Department CA-3, 
3135 Euclid Avenue, Cleveland 15, Ohio. 
In Canada: Kitchener, Ontario. 

B.EGoodri�h Chemi�al 
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THE AUTHORS 
BRIAN MASON ("Organic Matter 

from Space") is curator of physical geol
ogy and mineralogy at the American 
Museum of Natural History. Born in 
New Zealand, Mason studied geology 
and chemistry at the University of New 
Zealand, which awarded him an M.Sc. 
in 1937. In 1939 he resigned his job as 
a geologist for an oil company and went 
to Norway in order to improve his skiing. 
While there he enrolled at the University 
of Oslo and came under the influence 
of the geochemist Victor Moritz Gold
schmidt, who introduced him to the 
subject of meteorites and their geo
chemical significance. After the German 
invasion of Norway in 1940 Mason es
caped to Sweden, where he continued 
his studies at the University of Stock
holm, receiving a Ph.D. in mineralogy 
in 1943. He spent the following year as 
a scientific liaison officer for the New 
Zealand Government, was senior lec
turer in geology at the University of New 
Zealand, and from 1947 to 1953 was as
sociate professor of mineralogy at the 
University of Indiana. Mason took his 
present job in 1953. 

H. W. LISSMANN ("Electric Lo
cation by Fishes") is lecturer in the de
partment of zoology at the University of 
Cambridge. Lissmann, who was born in 
Hussia, studied in Germany, where he 
obtained a Ph.D. at the University of 
Hamburg. He received an M.A. from 
Cambridge in 1947 and became assistant 
director of research there the same year. 
Lissmann was elected a Fellow of the 
Hoyal Society in 1954. He was made 
lecturer in zoology at the University of 
Cambridge the following year and was 
also elected a Fellow and Lecturer of 
Trinity College,- Cambridge. Lissmann is 
interested mainly in the behavior of ani
mals, their movements, sense organs and 
nervous systems. His studies of electric 
fishes, begun in 1950, are described in 
his article. Lissmann has found it "useful 
and illuminating" to collect his own fish 
in Africa and South America. His work 
is still frequently hampered by a short
age of experimental subjects, and Liss
mann writes that he would be grateful to 
anyone who could suggest to him a 
possible source of supply. 

LEON M. LEDERMAN (" The Two
Neutrino Experiment") is professor of 
nuclear physics at Columbia University 
and director of the university's Nevis 

Our 
Newest 

Compact 

CryoVac's compactly designed HE-Series 
Helium Refrigerators are the only units 

of their kind ever designed specifically for 
dense gas heliu m refrigeration at temp
eratures below 20° Kelvin. Proprietary 
engineering techniques in the heat ex
change design permit compactness never 
before possible. As a result, a size reduc
tion in the overall system to one-third of 
that of a competitive unit is possible. In 
addition to being compact,the HE-Series 
is skid mounted resulting in reduced instal
lation costs, added reliability and complete 
predelivery check out. These plus auto
matic overload regulation-it won't go out 
of balance no matter what the load-are a 
few of the reasons most of the large space 
simulators now in operation or under 
construction employ CryoVac Helium 
Refrigerators for cryopumping. A similar 
compact, only this one for production of 
liquid helium is also available. Write for 
information on either system . •  If you 
would like to receive a recent paper, 
"Cryopumping Speeds in Large Space 
Simulation Chambers" by Charles B. Hood, 
our Technical Director and a well-known 
authority in the field of cryogenics, please 
write Department SA 33, CryoVac Inc., 
930 Kinnear Road, Columbus 12, Ohio. 

Q) 
@£?��� 
C OL U M B U S  12 . O HIO 

Inquiries from qualified scientists and engineers 
regarding employment opportunities are invited 
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Laboratories. There he has done much 
of his research on the weak interactions 
of modern physics, using the facility's 
400-million-electron-volt cvclotron. Led
erman received a B.S. fro;n the College 
of the City of New York in 1943. For 
the next three years he served with the 
U.S. Army Signal Corps, spending part 
of that period at the Radiation Labora
tory of the Massachusetts Institute of 
Technology and part in Europe. After 
the war he studied physics at Columbia 
under the direction of I. I. Rabi and 
Gilberta Bernardini, who was visiting 
professor from the University of Rome 
at the time. Lederman joined the faculty 
at Columbia in 1951, having obtained his 
Ph.D. the same year, and became direc
tor of Nevis in 1960. 

MARSHALL W. NIHENBERG 
("The Genetic Code: II") is head of the 
Section of Biochemical Genetics at 
the National Heart Institute, one of 
the nine National Institutes of Health. 
Nirenberg took a B.S. at the University 
of Florida in 1948. After receiving an 
M.S. in biology from the University of 
Florida in 1952, Nirenberg went to the 
department of biological chemistry at the 
University of Michigan, where he ac
quired a Ph.D. in 1957. A two-year post
doctoral fellowship from the American 
Cancer Societv brought him to the 
National Institute of Arthritis and Meta
bolic Diseases later the same year, where 
he remained until he took his present 
post in June of last year. 

RAYMOND B. CATTELL ("The 
Nature and Measurement of Anxiety") is 
Distinguished Research Professor in Psy
chology at the University of Illinois. Cat
tell, who was born in England, studied 
chemistry and physics at King's College 
of the University of London, from which 
he was graduated magna cum laude in 
1924. He then switched from the physi
cal sciences to psychology in the belief, 
as he puts it, "that unless our knowledge 
of the latter began to approach that of 
the former we should soon be in serious 
trouble." Cattell obtained a Ph.D. in 
1929 and came to the U.S. in 1937 as 
research associate to Edward Lee Thorn
dike, who was then teaching psychology 
at Columbia Teachers College. From 
1938 to 1941 he was Hall Professor of 
Psychology at Clark University. He spent 
the next three years as lecturer at Har
vard University and in 1945 joined the 
faculty at Illinois. 

HAROLD W. LEWIS ("Ball Light
ning") is professor of physics at the Uni
versity of Wisconsin. Lewis acquired an 

THIS IS THE 
WILD* 
INSTRUMENT 
SERVICE 
CENTER 

Its Mission: To assure WILD* instrument owners of prompt service 

and return of their instruments. Same day service available when 

necessary and feasible. 

Its Equipment: The WI LD Service 

Center is stocked and equipped 

to provide full factory services 

on any WILD instrument. 

And most important, its personnel: Only carefully selected 

WILD trained technicians with many years experience in 

WILD construction, assembly and repair are permitted to 

service your WI LD instrument. 

·The first name in Surveying Instruments, 
Photogrammetric Equipment and Microscopes. 

HEERBRUGG 

WILD H.aR.RUGG INSTRU.aNTS, INC. 
�1ItT WASHINGTON, N.W YORK 

"", In CeMcIr. Wild of c.neda Ltd •• 

,.." ..,..,... � .... ..... 0ttIIIR 3, 0nt8rI0 
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SILICONE 

IDEAS 

More useful than 
sealing wax and string??? 
"Around the laboratory," said a letter-writing researcher 
after using some of our RTV silicone rubber, "RTV is more 
useful than sealing wax and string." What's more, he added, 
he's surprised that any scientific progress had been made 
prior to its introduction. 

Now hold on. We have gotten a lot of letters on RTV. Some 
have even gone so far as to give us application ideas and 
suggest additional product refinements, which, by the way, 
our R&D people really appreciate. But replace sealing wax 
and string? Impossible! 

It's true that RTV silicone rubber is used to seal every
thing from space capsules to shower doors . .. as molds to 
reproduce prototype missile parts and prehistoric artifacts 
... as electrical insulation in large motors and to encapsulate 
or pot electronic parts. Some people are even using it in ways 
we don't know about yet (incidentally, our R&D people say 
they'd like to hear about them). But let's not let RTV go to 
our heads! 

Now we've got a new RTV silicone rubber in a handy new 
package. RTV-I02, General Electric's new adhesive/sealant, 
comes in a tube - like toothpaste. Just squeeze it and use it. 
It bonds to almost anything, cures to a resilient rubber that 
never cracks, shrinks or dries out. RTV-I02 also resists 
moisture, ozone, weathering, many chemicals, and tempera
tures ranging from _75° to 5000P. Use it for sealing joints, 
for sheet metal work, and as electrical insulation. 

If you want a tube of RTV-I02, we'll send you one free. (But only one!) Just tell 
us how you're going to use it so we can send you descriptive literature and an 
evaluation form. Then we can find out if it worked. It has so far! 

Do you need a lab bath? 
What are you using as a heat transfer fluid in your laboratory 
bath? Water? Paraffin? Metals? Whatever you use, you may 
be missing the boat if you don't use G-E silicone fluids. 

Why? Pirst of all silicone fluids don't smoke, are non
flammable (up to a point: above 6000P.), don't boil or burn 
away, have good transparency, don't discolor, provide a 

controlled temperature around anything that has to be 
heated, and can be used again and again and again and 
again. Why not order a quart or a gallon of SP-96 fluid? It's 
not cheap, but it's less expensive than good bourbon. 

We'd love to tell you more about G-E silicone fluids. Just 
drop us a line and ask for Data Book S-9. 

We have reams of data on silicone mbber, fluids, emulsions, etc. To get your fair 
share w1"ite: Geneml Electric Company, Silicone Products Department, Section 
UJ84, Waterford, New York. 

GENERAL e ELECTRIC 
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A.B. from New York Universitv in 1943, 
served until 1946 in the U.S. 'Navy and 
then went to the University of California, 
where he studied physics' under J. Rob
ert Oppenheimer. In 1947 he spent a 
vear at the Institute of Advanced Study 
in Princeton, N.J. He received a Ph.D. 
in 1948, returned to the University of 
California to teach and spent another 
year at the Institute for Advanced Study 
before going to the Bell Telephone Lab
oratories as a member of the technical 
staff in 1951. He joined the faculty at 
Wisconsin in 1956. 

SELIG ADLER ("The Operation on 
President \1cKinley") is Samuel Paul 
Capen Professor of American History 
at the State University of New York at 
Buffalo. Born and raised in Baltimore, 
Adler attended the University of Buffalo 
(now the State University) , from which 
he was graduated summa cum lallde in 
1931. After obtaining his M.A. and 
Ph.D. from the University of Illinois in 
1932 and 1934 respectively, Adler re
turned to take up teaching in the Buffalo 
high school system. He joined the faculty 
of the University of Buffalo in 1941. A 
contributing editor of Jlldaism and the 
author of The Isolationist lmpltlse, pub
lished in 1957, Adler is currently at work 
on a volume dealing with U.S. diplo
matic relations from 1921 to 1941. He 
first became interested in the subject 
of his present article a number of years 
ago when one of his colleagues at Buf
falo, Dean Emeritus Julian Park, de
scribed to Adler the role played by Park's 
father in the events following the as
sassination of President McKinley. A sec
ond colleague and the grandson of an
other participant in the McKinley case, 
Dean Stockton Kimball, showed Adler a 
scrapbook that his grandfather had kept 
of the accounts of the assassination. The 
scrapbook was lost when Kimball died 
in 1958 but was found last year. 

MARTIN H. ZIMMERMANN ("How 
Sap Moves in Trees") is a forest physi
ologist at Harvard University who does 
his research under the auspices of the 
Maria Moors Cabot Foundation for Bo
tanical Research. He also holds the title 
of Lecturer on Forest Physiology at Har
vard. Zimmermann, who was born and 
educated in Switzerland, studied botany 
at the Swiss Federal Institute of Tech
nology. During that time he became par
ticularly interested in trees as a result 
of several summers spent as a lumber
jack. In 1951 Zimmermann became as
sistant plant physiologist at the Federal 
Institute and acquired a D.Sc. in 1953. 
He went to Harvard the following year. 
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The unsettled mobility of gases in solids 

One of the more elusive phenomena of nature-the 

diffusion of gases into solids-may cause peculiar, even 

detrimental, metallurgical effects. 

To explain these mysterious meanderings, physicists at the 

General Motors Research Laboratories are measuring 

the mobilities of gas atoms in metal lattices. Their goal: 

fundamental knowledge on which to base improvements in 

the properties of metals and other solids. 

Diffusion rates for hydrogen in iron or steel have been 

found to drop off more than predicted as the temperature is 

lowered. For the theoretician, these results suggest 

that diffusion models will have to account for more than 

simple interstitial migration of hydrogen atoms. 

For the more practical minded, the new room temperature 

values can be correlated with the performance of 

hydrogen-embrittled steels. 

In addition, the delicate nature of mobility measurements 

has diverted our experimentalists into investigating gases 

diffusing through glass lab equipment. The detour 

has proven fruitful. Their studies of gases in natural and 

synthetic fused quartz-the simplest form of glass-have 

furnished further clues to the basic structure of 

the glassy state. 

It's another example of how General Motors engineers and 

scientists are working to find a better way-with 

research in depth. 

General Motors Research Laboratories 
Warren, Michigan 

GASES IN FUSED QUARTZ 

10 

J/TxlD' _ 

Compiled from recent 
GM publications in 
I Chern. Phys. List 
available upon request. 

Screw at left loaded with hydrogen by 
electrolysis and suspended in a hot oil bath. 
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Where risk of failure cannot be tolerated, Allen-Bradley 
adjustable fixed resistors bring an extra wide margin 
of safety to your circuit performance. Through a unique 
process-developed and used only by A-B-the solid 
resistance elements, terminals, and insulating body of 
the Type R are hot molded into a single, rugged 
structure that's virtually indestructible-no instance of. 
"catastrophic failure" has ever been brought to our 
attention. With adjustment approaching "infinite" reso
lution, abrupt changes in resistance cannot occur. The 
moving element is self-locking to hold absolutely stable 
settings under severe shock and vibration. 

The molded case of the Type R adjustable fixed 
resistor is both dust-tight and watertight-it can be used 
where entire circuits are encapsulated. The Type R 
control is rated 14 watt at 70°C and available in total 
resistance values from 100 ohms to 2.5 megohms. Please 
send for Technical Bulletin_ ,5205. Allen-Bradley Co., 
1204 South Third Street, Milwaukee 4, Wisconsin. 
In Canada: Allen-Bradley Canada Ltd., GaIt, Ontario. 

PANEL MOUNTING permits 
front of panel adjustment Units shown approx. 1.5 times actual sl:&" 

@a: RHIO 
A AB � 
w 

� 10K-OHM 

CUP GUARD permits adjust. 
ment after encapsulation 
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MORE WHERE IT CAME FROM! 

If, in addition to shedding light on to
day's needs, you want to know where 
the next bright ideas are coming from, 
keep in touch with ALLIS-CHALMERS 

. . .  dedic ated to doing its sh are to 
help y.0U share in a better future! 
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ASTON MARTIN $12,500 BMW $10,500 FACEL VEGA $12,990 

FERRARI $12,900 MASERATI $11,400 MERCEDES-BENZ $11,099 

What's it like to own a $10,000 car? 

Find out for $3995. 
This is the Volvo P1800. Road & Track magazine put it 

through its paces and wrote: "The P1800 is a very civilized 
touring car for people who want to travel rapidly in style, a 
Gran Turismo car of the type much in the news these days 
-but at a price that many people who cannot afford a 
Ferrari or Aston Martin will be able to pay." 

You pay over $10,000 for a Ferrari or Aston Martin and 
get this: disc brakes, 4-speed synchromesh transmission 
with optional overdrive, live rear axle, independent front 

suspension, precise steering, complete instrumentation 

including tachometer, European styling and coach work. 

You pay $399 5* for a Volvo P1800 and get the same. 

One thing. A P1800 will not do 150 mph. Many of the 

$10,000 cars will-all you need is a race traCk� 
to enjoy this kind of performance. The P1800 

will do over100 mph.At9 0 it uses no more gas VOLVO 

than a Volkswagen uses at 70-ali you need is 

a highway to enjoy this kind of performance. 
"MANUFACTURER'S SUGGESTED RETAIL PRICE EAST AND GULF COAST POE. WEST COAST, $4080. 

See theYellow Pages for the Volvo dealer nearest you. Distributors:Volvo Distributing, Inc., 452 Hudson Terrace, Englewood Cliffs, N ,J., Volvo Western Distributing, Inc., 12925 Riverside Dr., Sherman Oaks, 

California, Swedish Motor Import,lnc., 3303 W. 12th St., Houston 24, Texas. Overseas delivery available. 

© 1963 SCIENTIFIC AMERICAN, INC



© 1963 SCIENTIFIC AMERICAN, INC



You can reduce this costly waiting for engineering prints! 

Time is too valuable to keep your engineers waiting for prints! Put your drawings and records 

on microfilm aperture cards. Make your prints by xerography. Fill print requisitions without 

delay. • From a microfilm aperture card, A Copyfto® or 1824® Printer provides high-quality, 

ready-to-use prints on ordinary paper, vellum, or offset master material. No more pulling 

hard-to-handle originals for prints, then re-filing them. An aperture card can be found, pulled, 

used and re-filed in seconds! • Let us prove what xerography and unitized 
microfilm can do for you. For information write: XEROX CORPORATION, Dept. 

CF, Rochester 3, N. Y. Branch offices in principal U.S. and Canadian cities. 

Overseas: Rank Xerox Ltd., London. Fuji-Xerox Co., Ltd., Tokyo. 

XEROX 
CORPORATION 
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This slide presentation speaks for itself. 

COST fACTOR 

$2.00 per s\\de 

conventional 

film 
55� per s\\de 

polaroid land 

Camera and 

8transparenc't 

film 

Different films for line and continuous tone are available. Polaroid Corp., Cambridge 39, Mass. 
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SCIENTIFIC 
Established 1845 .!ME RI C.AN' March 1963 Volume 208 Number 3 

Organic Matter from. Space 
Recent studies have fou n d l1Z lneteorites "org'aru:zed elen1ents)) and 

hxdrocarbons. Are theX relnnants of l�fe or perhaps nonbiological 

carbon compounds fonned ea rZy in the h£stol:Y of the solar s.Yste ln ? 

In 1834 the great Swedish chemist 
Jons Jakob Berzelius analyzed a pe
culiar meteorite that had fallen near 

Alais in southern France. He found that 
it contained carbonaceous material and 
he wondered: Does it contain humus or 
traces of other organic compounds? Does 
it possibly indicate the presence of or
ganisms on extraterrestrial bodies? Ber
zelius thought not. 

The exciting question asked and an
swered by Berzelius has recently been 
reopened to investigation, speculation 

by Hri an Nf aSOll 

and controversy. In 1961 a group of 
investigators discovered a variety of 
complex hydrocarbons in a meteorite of 
the same type as the one that fell at 
Alais. Thev found sufficient resemblance 
between these compounds and those 
formed on earth by living things to 
propose the possibility that the meteorite 
had arrived bearing products of extra
terrestrial life. Within the year there 
came an announcement of the Rnding 
of "organized elements," or fossil "life 
forms," in this meteoritic material. The 

implications of these announcements are 
clearly fundamental and far-reaching. 
Proof that the organic compounds and 
organized elements are the residues of 
living organisms indigenous to the me
teorites would be, as Harold C. Urey of 
the University of California at La Jolla 
has said, "the most interesting and in
deed astounding fact of all scientiRc 
study in recent years." Even if the or
ganic compounds are not of biological 
origin, their presence in meteorites is of 
great signiRcance for theories of the 

METEORITES in which organic compounds and "organized ele· 

ments" have been discovered include the Orgueil (left) and Ivuna 
(right) carbonaceous chondrites. These samples, weighing 40 and 

90 grams respectively, are in the collection of the American Museum 
of Natural History. Carbonaceous chondrites are earthy, crumbly, 
hard to identify as meteorites and quickly destroyed by weathering. 
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origin of meteorites, of the planets and 
of life on the earth. 

T he Alais meteorite and the others in 
- which organic compounds have been 

identified are carbonaceous chondrites. 
These are a subgroup of the large family 
of stony meteorites known as chondrites 
because they contain small round bodies, 
or chondrules, of the magnesium-iron 
silicates olivine and pyroxene. Sooty, 
black, friable objects, the carbonaceous 
chondrites do not look at all like other 
meteorites. They are characterized by 
the presence of an appreciable amount 
of carbonaceous material other than free 
carbon, and thev have been classified 
into three subgroups, primarily on the 
basis of their carbon content, the water 
combined in their minerals and their 
density [see illustration belowl Of the 
700 or so meteorites that have been col
lected after having been seen to fall, 
only some 20 are carbonaceous chon
drites. The true abundance of carbo
naceous chondrites may be considerably 
greater, however, since thev are unlike
ly to be recognized as meteorites by a 

NAME SITE OF FALL 

TONK INDIA 

ALAIS FRANCE 

IVUNA TANGANYIKA 

ORGUEIL FRANCE 

NAWAPALI 

SANTA CRUZ 

COLD BOKKEVELD 

NOGOYA ARGENTINA 

ERAKOT INDIA 

MIGHEI U.S S.R. 

HARIPURA INDIA 

BORISKINO U.S.S.R. 
----

CRESCENT U.s. 

BELLS U.S. 

MURRAY U.S. 

AL RAIS SAUDI ARABIA 

BALI CArvlEROON 

KABA 

MOKOIA 

VIGARANO 

GROSNAJA U S S R. 

layman or even by a trained scientist who 
is not familiar with them. Moreover, they 
are (luickly destroyed by weathering; 
the ones tbat have been collected were 
all seen to fall and were picked up soon 
afterward. 

\;\,Then I show one of these meteorites 
to a visitor and explain that it contains 
complex organic compounds, I am often 
asked how it survived the fiery passage 
through tbe atmosphere. The answer is 
that although a meteorite does lose ma
terial from its surface by ablation, the 
core of the bod v survives. A freshly fallen 
carbonaceous chondrite has a black fu
sion crust about a millimeter thick, but 
its interior is quite unaffected, having 
evidently remained cold throughout
like the ice-cream core of that culinarv 
paradox the baked Alaska. The smallne;s 
of the carbonaceous chondrites (the 
largest one on record is about the size 
of a man's head; other stony meteorites 
weigh as much as a ton) is a reHection 
of the great amount of ablation they 
have suffered and of the readiness with 
which they break up. The fireballs ac
companving their fall are extremely 

CARBON 
DATE WEIGHT CONTENT 

brilliant even when only a few small 
stones are recovered. 

Studying the Alais meteorite in 1834, 
Berzelius noted its resemblance to a 
hardened clay and wrote of its "clayey 
odor" as it disintegrated in water. He 
established the presence of carbon com
pounds by extracting some of them with 
water and by subliming others out of 
the sample by heat. The rudimentary 
state of organic chemistrv p"ecluded 
further analysis, but on the b:lsis of 
his findings Berzelius decided that the 
presence of "organic" compounds in 
the Alais meteorite did not "justify the 
conclusion that organisms existed in its 
original locality." 

1'he meteoritic carbon compounds con-
tinued to intrigue chemists through

out the 19th century and, as their 
techniques improved, they made more 
sophisticated extractions and analyses. 
Most of the carbon in the carbonaceous 
chondrites is neither volatile nor soluble; 
it is present as a fine-grained sooty mate
rial that defies precise analysis even with 
modern techniques. The quantity of 

H2O 
CONTENT 

OF FALL (KILOGRAMS) (PER CENT) (PER CENT) DENSITY TYPE 

1011 0.01 2.70 

3.10 

2.50 

2.54 

130 

1.62 

2.14 

II 

III 

III 

III 

16 1.12 III 

1861 3.3 .56 III 

CARBONACEOUS CHONDRITES are listed and classified in The fifth column gives the content of carbon in all forms. In the 
three groups. The weights given in the fourth column refer to the sixth column "H.,O content" includes adsorbed and combined water, 
total amount of each chondrite preserved in various collections. hydroxyl groups

-
in minerals and hydrogen in organic compounds. 
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the extractable compounds is generally 
small, seldom more than about 1 per 
cent of the total weight of the sample. 
The French chemist S. Cloez, who ana
lyzed the Orgueil meteorite immediately 
after it fell near that town in 1864, was 
able to show that the insoluble black 
material is not graphite or amorphous 
carbon but a complex mixture of com
pounds of high molecular weight. 

For some 60 years, from about 1890 
to 1950, little was published on the car
bonaceous chondrites and nothing at all 
on the organic compounds in them. Then 
a general renewal of interest in mete
orites once again focused attention on 
these remarkable objects. The first mod
ern investigation of the organic com
pounds was that of George G. Mueller, 
then at University College London, who 
in 1953 analyzed the carbonaceous ma
terial in the Cold Bokkeveld meteorite 
from South Africa. With organic solvents 
he extracted 1.1 per cent of the sample 
as a resinous material consisting of or
ganic compounds mixed with free sulfur. 
After separation of the free sulfur the 
remainder gave the following analysis: 
carbon, 19.84 per cent; hydrogen, 6.64 
per cent; nitrogen, 3.18 per cent; sulfur, 
7.18 per cent; chlorine, 4.81 per cent; 
oxygen and associated elements, 40.02 
per cent; ash, 18.33 per cent. A solution 
of the material in benzene did not rotate 
the plane of a beam of polarized light. 
This indication that it contained no op
ticall:v active compounds was significant, 
because such compounds are universally 
present in living organisms. The optical 
activity of hydrocarbons that have origi
nated with biological material is low, 
however, and the level of activity could 
have been less than the sensitivity of 
Mueller's instrument. The extracted ma
terial was insoluble in acids but soluble 
in alkali; that it was an inhomogeneous 
mixture of compounds was demonstrated 
by the varying solubility of its constit
uents. Mueller deduced that these were 
complex organic acids with some sub
stituted nitrogen, sulfur and chlorine. 
Other investigators, applying techniques 
such as infrared and ultraviolet absorp
tion on extracts from carbonaceous chon
drites, demonstrated the presence of a 
variety of organic compounds including 
hydrocarbons, but the individual com
pounds were not identified or isolated. 

1'hiS was the situation when in March, 
1961, Bartholomew S. Nagy and 

Douglas J. Hennessy of Fordham Uni
versity and Warren G. Meinschein of the 
Esso Research and Engineering Com
pany presented the results of their work 
on a sample of the Orgueil meteorite 

"ORGANIZED ELEMENT" in this photomicrograph made by George Claus of the New 
York University Medical Center and Bartholomew S. Nagy of Fordham University is en· 
larged 3,000 diameters. The hexagonal particle has tubular protrusions on alternate sides. 

from the American Museum of Natural 
History in New York. The mineralogical 
and chemical investigations were made 
at Fordham and mass-spectrometric 
analyses were carried out in the Esso 
Laboratories. The three authors reported 
that the volatile fraction of the organic 
material consisted largely of saturated 
hydrocarbons, that is, compounds in 
which all the available bonds on the 
carbon atoms are occupied by hydrogen 
atoms. Such compounds are common in 
ancient terrestrial sediments and petro
leum. Mass-spectrometric analysis of 
solid particles and distillates identified 
types of compounds, including paraffins 
and cyclic hydrocarbons, and showed the 
relative abundance of compounds of dif
ferent molecular weights in each group. 
The authors found similarities between 
these mass spectra and those of the 
hydrocarbons in butter and in recent ter
restrial sediments-that is to say, in ma
terial of known biological origin [see 
bottom illustration on next two pages I. 

On the basis of these comparisons they 
wrote: "The mass-spectrometric analyses 
reveal that hydrocarbons in the Orgueil 
meteorite resemble in many important 
aspects the hydrocarbons in the products 
of living things and sediments on earth. 
Based on these preliminary studies, the 
composition of the hydrocarbons in the 
Orgueil meteorite provides evidence for 
biogenic activity." 

This cautiously worded pronounce
ment was widely accepted as evidence 
for life in outer space, specifically on 
some parent body in the solar system 
from which the Orgueil meteorite came. 
The quantities of the hydrocarbons in 
the meteorite indicate that there can be 
no reasonable doubt that they were pres
ent when it entered the earth's atmos
phere and are not the result of terrestrial 
contamination. They are truly extrater
restrial in origin. It was not the findings 
of Nagy and his co-workers but their 
interpretation of these findings that 
stirred debate: How close is the resem
blance between the mass spectra of the 
Orgueil hydrocarbons and those of 
known biogenic hydrocarbons, and does 
this resemblance justify the conclusion 
that they had similar origins? 

o riginallv all compounds of carbon 
were called organic because they 

were thought to be exclusively the prod
ucts of life processes. Since Friedrich 
Wohler synthesized urea from an in
organic salt in 1828, however, chemists 
have made almost innumerable organic 
compounds by nonbiological means. To 
demonstrate that a compound was 
formed by an organism requires some
thing more than its identification as, say, 
a complex hydrocarbon. Dissenters from 
the view that the Orgueil hydrocarbons 
provide evidence for biogenic activity 
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have pointed to the vast array of hydro
carbons that can be synthesized by the 
hydrogenation of carbon monoxide in 
the Fischer-Tropsch and similar indus
trial processes. They have recalled also 
the well-known experiment by Stanley 
L. Miller, a student of Urey's at the 
University of Chicago, who in 1953 pro
duced a variety of complex organic com
pounds, including amino acids, by pass-

1,000 

ing an electric discharge through a mix
ture of methane, ammonia, water vapor 
and hydrogen. Might not radiation, act
ing on the meteoritic material in space, 
produce the pattern of hydrocarbons 
observed in the Orgueil meteorite? 

In answer to such suggestions Mein
schein and his colleagues are reporting 
more detailed analyses. In benzene ex
tracts of the Orgueil meteorite they have 
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identified compounds containing hy
droxy (or amino) and carbonyl groups, 
and aromatic (ring-structured) as well 
as saturated and linear hydrocarbon 
molecules. These extracts and their 
silica-gel chromatographic fractions ab
sorb infrared and ultraviolet radiation 
at about the same wavelengths as do 
comparable extracts and fractions from 
terrestrial sediments and crude oils. The 
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-, soils. These marked similarities are ex
tremely interesting, but they still do not 
prove that the compounds were pro
duced by extraterrestrial life. They may 
rather, as Edward Anders of the Enrico 
Fermi Institute for Nuclear Studies at 
the University of Chicago has suggested, 
have been formed in non biological re
actions catalyzed by high-energy radia
tion in space. On earth, according to 
Anders, such compounds may have ante
ceded the origin of life; as ready-made 
molecular constituents for primordial 
organisms they would have imposed 
their chemical identity on living matter. 

tain regular and in many cases remark
ably complex forms can be recognized 
in the meteoritic material and that these 
can be concentrated by chemical and 
phvsical methods such as acid extraction 
and centrifugation. But what are they? 

,000 

100 

10 

i 

The answers fall into three categories: 
The organized elements are indeed life 
forms, the vestiges of extraterrestrial 
organisms; they are merely crystals of 
organic or inorganic compounds; they 
are terrestrial contaminants. 

T he first possibility, that they are the 

12. 13 14 15 

The work on the organic compounds 
has been rather overshadowed by an
other kind of evidence. In November, 
1961, George Claus of the New York 
University Medical Center and Nagv an
nounced that they had discovered "mi
croscopic-sized particles, resembling fos
sil algae, in relatively large (llmntities 
within the Orgueil and I Vllna carbona
ceous meteorites" [see illustration on 
page 45 and at top of page 48J. This find
ing, if confirmed-that is, if the particles 
are in fact the remains of organisms and 
are clearly not terrestrial contaminants
would certainly be evidence of life in the 
parent bodies

' 
of these meteorites. The 

announcement by Claus and Nagy 
aroused a hot controversy that is still far 
from resolved. In New York last spring 
interested workers representing several 
disciplines convened to discllss the iden
tification and interpretation of these 
"organized elements." They agreed 
generally that at high magnifications cer-

remains of living things from space, 
has been argued most strongly from their 
highly structured morphology and their 
difference from any known terrestrial 
organisms. Nagv, Claus and Hennessy 
have pointed to details in their photomi
crographs that look like double mem
hranes, granular partides, vacuoles and 
spiny surfaces, all of which are character
istic structures of living cells. They note 
further that some of the elements react 
to staining with a preparation that, in 
hiological investigation, is considered 
specific for deoxvribonucleic acid 
(DNA). The presence of DNA would of 
course be powerful evidence of biologi
cal origin. Conscious of the argument 
that the particles mav be terrestrial con
taminants, they have tried to avoid this 
possibility by examining material from 
freshly hroken surfaces of their samples. 
And they also argue that the high con
centration of the elements makes con
tamination an unlikely explanation. 

but the' spectrum for the synthetic Fischer. 
Trops"h oil is different. The gaps in the 
reeord were caused by peaks in the spec· 
trum of the so Ivent used in the analysis. 

spectra of Fischer-Tropsch products are 
somewhat different [see illustration 
above'l. Among the aromatic hydrocar
bons isolated from the meteorite Mein
schein has identified phenanthrene, 
chrysene and pyrene plus the alkyl and 
cycloalkyl homologues of these aromat
ics. The same hydrocarbons appear as 
prominent constituents in aromatic frac
tions of many recent sediments and some Other investigators have found reason 
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monocycloalkanes. The similarities between the mass spectra of the 
Orgueil and the terrestrial hydrocarbons have been interpreted as 

evidence for the biological origin of the meteoritic compounds. 
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TYPICAL ELEMENTS of one type found by Claus and Nagy are magnified about 3,000 
diameters in these photomicrographs made by them. The one at right survived boiling in 
hydrofluoric acid, which they consider evidence of organic rather than mineral composition. 

"MICROFOSSILS" were identified in an Orgueil sample by Frank L. Staplin of Imperial Oil, 
Ltd., in Canada. He named the element at the left, enlarged 1,500 diameters, C[ausisphaera 

/issa and called the one at the right, here enlarged 2,500 diameters, Caelestites sexangulatus. 

1 

COMPLEX STRUCTURE of some of the meteoritic elements was paralleled, according to 
Edward Anders and Frank W. Fitch of the University of Chicago, in some terrestrial con
taminants. They compared one of Claus and Nagy's particles (lelt) with furnace ash (right) . 
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to support this line of argument. Frank 
L. Staplin of Imperial Oil, Ltd., in Cal
gary, Alberta, has identified a number 
of forms he found in Orgueil material as 
cellular or tissue-like, and has dignified 
two of the elements by naming them as 
new genera and species of uncertain clas
sification, possibly algae [see middle il
lustrations at left I. Frederick D. Sisler of 
the u.S. Geological Survey cultured sam
ples of the Murray carbonaceous chon
drite in a germ-free laboratory and re
ported that some growth appeared in his 
culture media after several months, sug
gesting that the meteorite carried viable 
microorganisms. 

The possibility that most of the or
ganized elements are actually inorganic 
crystals has been pressed by Anders and 
his co-workers at the Enrico Fermi In
stitute. They reported that the Ivuna and 
Orgueil chondrites contain microscopic 
hexagonal crystals of troilite (ferrous sul
fide) closely resembling the hexagonal 
elements described by Claus and Nagy. 
Bv centrifuging his samples Anders was 
able to concentrate numerous spherical 
particles similar to other organized ele
ments listed by the original workers; he 
identified them as supercooled liquid 
droplets of sulfur and hydrocarbons 
rather than "life forms." As for biological 
staining, Frank W. Fitch and Anders 
found that kimberlite, a terrestrial rock 
without biogenic components, reacted to 
two different stains in much the same 
way as the meteoritic material does. The 
stains are indicative not of biogenic ma
terial as such but of certain chemical 
linkages by no means limited to biologi
cal material. In view of their diversity 
and complexity of form, microscopic 
crystals might certainly simulate the 
morphology of organisms. One need only 
recall the intricate ice crystals in snow
flakes-a point nicely expressed by Philip 
Morrison of Cornell University when he 
suggested that the organized elements 
are "carbonaceous snowflakes." 

As a curator at the American Museum 
of Natural History I am painfully aware 
of the many sources of possible con
tamination of our specimens, so the ex
planation of at least some of the elements 
as terrestrial contaminants seems quite 
sound to me. Many of the carbonaceous 
chondrites (the Orgueil meteorite in 
particular) are highly porous. As they 
entered the atmosphere from the near 
vacuum of space they must immediately 
have "breathed in" air and minute float
ing organisms. They lie on the ground 
for some time before they are picked up, 
and they usually undergo a lengthy 
odyssey and pass through many hands 
before reaching the apparent security of 
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a museum collection. Even in museums 
they have not been kept in sealed con
tainers; they have therefore been subject 
to contamination not only by local bac
teria, spores and pollen but also by exotic 
organisms carried in with other collec
tions from all over the world. Under 
these circumstances it would be truly re
markable if one did not find a variety of 
terrestrial microorganisms in them. An
ders and his colleagues think that the 
few highly structured organized ele
ments that cannot be explained as crys
tals are pollen grains or other terrestrial 
contaminants. Such contamination would 
also account for Sisler's apparent success 
in culturing bacteria from meteoritic ma
terial. Perhaps future falls of carbona
ceous chondrites will make it possible to 
bring the material into the laboratory for 
immediate preservation and study under 
scerile conditions. 

While the reality of extraterrestrial 
life or the remains thereof in the 

carbonaceous meteorites is still in doubt, 
this should not obscure the great signifi
cance of the organic compounds they 
contain. The fact remains that under cer-

tain conditions and in certain regions of 
outer space rather complex hydrocarbons 
and other organic substances were pro
duced in considerable amounts and sur
vived for long periods of time. In the 
first place, the presence of these com
pounds in the carbonaceous chondrites 
has a critical bearing on the origin of 
meteorites. Albert E. Ringwood of the 
Australian National University and I 
have independently suggested that these 
chondrites probably represent the pri
mordial material that aggregated to form 
the solid objects of the solar system; in 
other words, we believe they are repre
sentative samples of the dust that made 
up much of the primitive solar nebula. 
The other types of meteorite could have 
been derived from large aggregations of 
this material by heating, reduction, melt
ing and recrystallization, processes that 
would drive off the volatile elements and 
their less stable compounds. Urey prefers 
to regard the carbonaceous chondrites as 
the products of secondary reactions, pro
duced from the more common chondrites 
by the infiltration of water, carbonaceous 
matter and hydrogen sulfide supplied 
from external sources. Anders suggests 

that the carbonaceous chondrites are de
rived from a specific zone in one or more 
asteroidal bodies formed by the aggrega
tion of dust. Cold at the surface and hot 
in the interior, these bodies could have 
had an intermediate zone within which 
water and organic compounds were 
stable and could react with silicate min
erals to form the material that falls to 
earth as carbonaceous chondrites. Fur
ther study of the organic matter from 
space may serve to refine and reconcile 
these conflicting hypotheses. 

The discovery in meteorites of com
plex organic material has still another 
intriguing implication. An acceptable 
working hypothesis is that the earth was 
formed by the accretion of material of 
meteoritic composition. If this material 
brought with it complex organic sub
stances, the development on the earth 
of self-replicating compounds of nucleic 
acid and protein molecules-which is to 
say primitive organisms-would be far 
easier to understand than it has been 
until now. Perhaps the organic com
pounds of the carbonaceous chondrites 
hold the key to the origin of life on this 
planet. 

STAIN·TEST EVIDENCE for the biological origin of the organ· 
ized elements was also discounted by Anders and Fitch. They ap· 

plied the Feulgen reaction, which Claus and Nagy had cited as in· 
dicating the presence of deoxyribonncleic acid in their particles, to 
Orgueil material, DNA·rich rat spleen tissue and a terrestrial rock, 

kimberlite (top row, left to right) and found they all stained simi· 
larly. When one step of the test was omitted, the meteoritic material 
and kimberlite still stained (bottom left and right) but the spleen 
tissue did not (bottom center), indicating that whatever it is that 
makes the Orgueil elements and kimberlite stain, it is not DNA. 
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ELECTRIC LOCATION BY FISHES 

It IS \vell kno,vn that son1e fishes generate strong electric fields 

to stun their prey or discourage predators. Gynlnarchlls niloticllS 
produces a \veak field for the purpose of sensing its environment 

S
tudy of the ingenious adaptations 

displayed in the anatomy, physi
ology and behavior of animals 

leads to the familiar conclusion that 
each has evolved to suit life in its par
ticular corner of the world. It is well to 
bear in mind, however, that each animal 
also inhabits a private subjective world 
that is not accessible to direct observa
tion. This world is made up of informa
tion communicated to the creature from 
the outside in the form of messages 
picked up by its sense organs. No adap
tation is more crucial to survival; the 
environment changes from place to place 
and from moment to moment, and the 
animal must respond appropriately in 
every place and at every moment. The 
sense organs transform energy of various 
kinds-heat and light, mechanical energy 
and chemical energy-into nerve im
pulses. Because the human organism is 
sensitive to the same kinds of energy, 
man can to some extent visualize the 
world as it appears to other living things. 
It helps in considering the behavior of a 
dog, for example, to realize that it can 
see less well than a man but can hear and 
smell better. There are limits to this pro
cedure; ultimately the dog's sensory mes
sages are projected onto its brain and are 
there evaluated differently. 

Some animals present more serious 
obstacles to understanding. As I sit 
writing at my desk I face a large aquar
ium that contains an elegant fish about 
20 inches long. It has no popular name 
but is known to science as Gymnarchlls 
niloUcus. This same fish has been facing 
me for the past 12 years, ever since I 
brought it from Africa. By observation 
and experiment I have tried to under
stand its behavior in response to stimuli 
from its environment. I am now con
vinced that GY111narchlis lives in a world 
totally alien to man: its most important 

50 

by JJ.\\'. Lissmann 

sense is an electric one, different from 
any we possess. 

From time to time over the past cen
tury investigators have examined and 
dissected this curious animal. The litera
ture describes its locomotive apparatus, 
central nervous system, skin and electric 
organs, its habitat and its family relation 
to the "elephant-trunk fishes," or mormy
rids, of Africa. But the parts have not 
been fitted together into a functional 
pattern, comprehending the design of 
the animal as a whole and the history of 
its development. In this line of biological 
research one must resist the temptation 
to be deflected by details, to follow the 
fashion of putting the pieces too early 
under the electron microscope. The mag
nitude of a scientific revelation is not 
always paralleled by the degree of mag
nification employed. It is easier to select 
the points on which attention should be 
concentrated once the plan is under
stood. In the case of Gymnarchtls, I 
think, this can now be attempted. 

A casual observer is at once impressed 
by the grace with which Gymnar

chlls swims. It does not lash its tail from 
side to side, as most other fishes do, but 
keeps its spine straight. A beautiful un
dulating fin along its back propels its 
body through the water-forward or 
backward with equal ease. Gymnarchus 
can maintain its rigid posture even when 
turning, with complex wave forms run
ning hither and thither over different 
regions of the dorsal fin at one and the 
same time. 

Closer observation leaves no doubt 
that the movements are executed with 
great precision. When Gymna1"chlls darts 
after the small fish on which it feeds, it 
never bumps into the walls of its tank, 
and it clearly takes evasive action at 
some distance from obstacles placed in 

its aquarium. Such maneuvers are not 
surprising in a fish swimming forward, 
but Gymnarchlls performs them equally 
well swimming backward. As a matter of 
fact it should be handicapped even when 
it is moving forward: its rather degener
ate eyes seem to react only to excessively 
bright light. 

Still another unusual aspect of this fish 
and, it turns out, the key to all the puz
zles it poses, is its tail, a slender, pointed 
process bare of any fin ("gymnarchus" 
means "naked tail"). The tail was 
first dissected by Michael Pius Erdl of 
the University of Munich in 1847. He 
found tissue resembling a small electric 
organ, consisting of four thin spindles 
running up each side to somewhere be
yond the middle of the body. Electric 
organs constructed rather differently, 
once thought to be "pseudoelectric," are 
also found at the hind end of the related 
mormyrids. 

Such ,small electric organs have been 
an enigma for a long time. Like the pow
erful electric organs of electric eels and 
some other fishes, they are derived from 
muscle tissue. Apparently in the course 
of evolution the tissue lost its power to 
contract and became specialized in vari
ous ways to produce electric discharges 
[see "Electric Fishes," by Harry Grund
fest; SCIENTIFIC AMERICAN, October, 
1960]. In the strongly electric fishes this 
adaptation serves to deter predators and 
to paralyze prey. But the powerful elec
tric organs must have evolved from weak 
ones. The original swimming muscles 
would therefore seem to have possessed 
or have acquired at some stage a subsidi
ary electric function that had survival 
value. Until recently no one had found a 
function for weak electric organs. This 
was one of the questions on my mind 
when I began to study GY111narc1ws. 

I noticed quite early, when I placed a 
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ELECTRIC FISH Gymnarchus niloticus, from Africa, generates 

weak discharges that enable it to detect objects. In this sequence 
the fish catches a smaller fish. Gymnarchus takes its name, which 

means "naked tail," from the fact that its pointed tail has no fin. 
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new object in the aquarium of a well
established Gymnarclws, that the fish 
would approach it with some caution, 
making what appeared to be exploratory 
movements with the tip of its tail. It oc
curred to me that the supposed electric 
org8n in the tail might be a detecting 
mechanism. Accordingly I put into the 
water a pair of electrodes, connected to 
an amplifier and an oscilloscope. The re
sult was a surprise. I had expected to find 
sporadic discharges co-ordinated with 
the swimming or exploratory motions of 
the animal. Instead the apparatus re
corded a continuous stream of electric 
discharges at a constant frequency of 
about 300 per second, waxing and 
waning in amplitude as the fish changed 
position in relation to the stationary 
electrodes. Even when the fish was com
pletely motionless, the electric activity 
remained unchanged. 

This was the first electric fish found to 
behave in such a manner. After a brief 
search I discovered two other kinds that 
emit an uninterrupted stream of weak 
discharges. One is a mormyrid relative 
of Gymnarchus; the other is a gymnotid, 
a small, fresh-water South American rela
tive of the electric eel, belonging to a 
group of fish rather far removed from 
Gyml1archus and the mormyrids. 

I t had been known for some time that 
the electric eel generates not only 

strong discharges but also irregular series 
of weaker discharges. Various functions 
had been ascribed to these weak dis-

charges of the eel. Christopher W. 
Coates, director of the New York Aquar
ium, had suggested that they might serve 
in navigation, postulating that the eel 
somehow measured the time delay be
tween the output of a pulse and its re
flection from an object. This idea was 
untenable on physical as well as physi
ological grounds. The eel does not, in 
the first place, produce electromagnetic 
waves; if it did, they would travel too 
fast to be timed at the close range at 
which such a mechanism might be use
ful, and in any case they would hardly 
penetrate water. Electric current, which 
the eel does produce, is not reflected from 
objects in the surrounding environment. 

Observation of Gymnarchus sclggested 
another mechanism. During each dis
charge the tip of its tail becomes mo
mentarily negative with respect to the 
head. TIle electric current may thus be 
pictured as spreading out into the sur
rounding water in the pattern of lines 
that describes a dipole field [see illustra
tion on opposite pagel. The exact con
figuration of this electric field depends 
on the conductivity of the water and on 
the distortions introduced in the field by 
objects with electrical conductivity dif
ferent from that of the water. In a large 
volume of water containing no objects 
the field is symmetrical. When objects 
are present, the lines of current will con
verge on those that have better conduc
tivity and diverge from the poor conduc
tors [see top illustration all page 54]. 
Such objects alter the distribution of 

UNUSUAL FINS characterize Gymn"rchus (top), a gymnotid from South America (mid

dle) and sea-dwelling skate (bottom). All swim with spine rigid, probably in order to keep 

electric generating and detecting organs aligned. Gymnarchus is propelled by undulating 

dorsal fin, gymnotid by similar fin underneath and skate by lateral fins resembling wings. 
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electric potential over the surface of 
the fish. If the fish could register these 
changes, it would llave a means of dc
tecting the objects. 

Calculations showed that Gymnarchlls 
would have to be much more sensitive 
electrically than anv fish was known to 
be if this mechanism were to work. I had 
observed, however, that Gymn(ll'chus 
was sensitive to extremely small external 
electrical disturbances. It responded vio
lently when a small magnet or an elec
trified insulator (such as a comb that had 
just been drawn through a person's hair) 
was moved near the aquarium. The 
electric fields produced in the water 
by such objects must be very small in
deed, in the range of fractions of a mil
lionth of one volt per centimeter. This 
crude observation was enough to justify 
a series of experiments under more 
stringent conditions. 

I n the most significant of these experi-
ments Kenneth E. �1achin and I 

trained the fish to distinguish between 
objects that could be recognized only by 
an electric sense. These were enclosed in 
porous ceramic pots or tubes with thick 
walls. When they were soaked in water, 
the ceramic material alone had little ef
fect on the shape of the electric field. The 
pots excluded the possibility of discrimi
nation by vision 01', because each test 
lasted only a short time, by a chemical 
sense such as taste or smell. 

The fish quickly learned to choose 
between two pots when one contained 
aquarium water or tap water and the 
other paraffin wax (a nonconductor). 
After training, the fish came regularly to 
pick a piece of food from a thread sus
pended behind a pot filled with aquar
ium or tap water and ignored the pot 
filled with wax [see bottom illustration 
on page 54 I. Without further condition
ing it also avoided pots filled with air, 
with distilled water, with a close-fitting 
glass tube or with another nonconductor. 
On the other hand, when the electrical 
conductivity of the distilled water was 
matched to that of tap or aquarium wa
ter by the addition of salts or acids, the 
fish would go to the pot for food. 

A more prolonged series of trials 
showed that Gymnarchus could distin
guish mixtures in different proportions of 
tap water and distilled water and per
form other remarkable feats of discrimi
nation. The limits of this performance 
can best be illustrated by the fact that 
the fish could detect the presence of a 
glass rod two millimeters in diameter and 
would fail to respond to a glass rod .8 
millimeter in diameter, each hidden in a 
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ELECTRIC FIELD of Gymllurchus and location of electric gen

erating organs are diagramed. Each electric discharge from organs 

in rear portion of body (color ill side view) makes tail negative 

with respect to head. Most of the electric sensory pores or organs 
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\ 
\ 

\ 
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are in head region. Undisturbed electric field resembles a dipole 

field, as shown, but is more complex. The fish responds to changes 

in the distribution of electric potential over the surface of its 

body. The conductivity of objects affects distribution of potential. 
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OBJECTS IN ELECTRIC FIELD of GymnarchLts distort the lines 

of current flow. The lines diverge from a poor conductor (le/t) 
and converge toward a good conductor (right) . Sensory pores in the 

head region detect the effect and inform the fish about the object. 

pot of the same dimensions. The thresh
old of its electric sense must lie some
where between these two values. 

These experiments seemed to establish 
beyond reasonable doubt that Gym

nal'chus detects objects by all" electrical 
mechanism. The next step was to seek 
the possible channels through which the 
electrical information may reach the 
brain. It is generally accepted that the 

tissues and fluids of a fresh-water fish are 
relatively good electrical conductors en
closed in a skin that conducts poorly. The 
skin of Gymnal'chus and of many mor
mvrids is exceptionally thick, with layers 
of platelike cells sometimes arrayed in a 
remarkable hexagonal pattern [see top 
illllstration on page 57 J. It can therefore 
be assumed that natural selection has 
provided these fishes with better-than
average exterior insulation. 

In some places, particularly on and 
around the head, the skin is closely per
fOl·ated. The pores lead into tubes often 
filled with a jelly-like substance or a 

loose aggregation of celIs. If this jellv is 
a good electrical conductor, the arrange
ment would suggest that the lines of 
electric current from the water into the 
body of the fish are made to converge at 
these pores, as if focused bv a lens. Each 
jelly-filled tube widens at the base into 

EXPERIMENTAL ARRANGEMENT for conditioned·reflex train· 

ing of GymnarchLts includes two porous pots or tubes and record· 

ing mechanism. The fish learns to discriminate between objects 

of different electrical conductivity placed in the pots and to seek 

bait tied to string behind the pot holding the object that con· 

ducts best. GymnarchLts displays a remarkable ability to discriminate. 
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a small round capsule that contains a 
group of cells long known to histologists �y such names :s "multi

,
;ellular glands,:: 

mormyromasts and snout organs. 
These, I believe, are the electric sense 
organs. 

The supporting evidence appears fair
ly strong: The structures in the capsule 
at the base of a tube receive sensory 
nerve fibers that unite to form the 
stoutest of all the nerves leading into the 
brain. Electrical recording of the impulse 
traffic in such nerves has shown that they 
lead away from organs highly sensitive 
to electric stimuli. The brain centers into 
which these nerves run are remarkablv 
large and complex in GY1nnarchlls, and 

in some mormyrids they completely cover 
the remaining portions of the brain [see 
illllstmtion on next page]. 

If this evidence for the plan as well as 
the existence of an electric sense does 
not seem sufficiently persuasive, corrobo
ration is supplied by other weakly elec
tric fishes. Except for the electric eel, all 
species of gymnotids investigated so far 
emit continuous electric pulses. They are 
aiso highly sensitive to electric fields. 
Dissection of these fishes reveals the ex
pected histological counterparts of the 
structures found in the mormyrids: simi
lar sense organs embedded in a similar 
skin, and the corresponding regions of 
the brain much enlarged. 

Skates also have a weak electric or
gan in the tail. They are cartilaginous 
fishes, not bony fishes, or teleosts, as 
are the mormyrids and gymnotids. This 
means that they are far removed on the 
family line. Moreover, they live in the 
sea, which conducts electricity much 
better than fresh water does. It is almost 
too much to expect structural resem
blances to the fresh-water bony fishes, or 
an electrical mechanism operating along 
similar lines. Yet skates possess sense 
organs, known as the ampullae of Loren
zini, that consist of long jelly-filled tubes 
opening to the water at one end and 
terminating in a �(;msory vesicle at the 
other. Recently Richard W. Murray of 
the University of Birmingham has found 
that these organs respond to very deli
cate electrical stimulation. U nfortunate
ly, either skates are rather uncooperative 
animals or we have not mastered the 
trick of training them; we have been un
able to repeat with them the experiments 
in discrimination in which Gymnarchus 
performs so well. 

GY1nnarclllls, the gymnotids and 
skates all share one obvious feature: they 
swim in an unusual way. Gymnarchlls 
swims with the aid of a fin on its back; 
the gymnotids have a similar fin on their 

lliI\lllli_�IDill\\illmm\\ill\\illllim\illmill\\II\llillillli\ll\\\H\H\\\H\\ID\illill\m\\\llUl 

tllllffimlUillmlmtmtmtfiltltffiltttfiitltlltffilttlfiltUUtnmmnttttttttltltmttttltltUuntttmnttm 

ELECTRIC DISCHARGES of Gymnarchlls 8how reversal of polarity when detecting elet·· 

trodes are rotated 180 degrees (enlarged records at top). The discharges, at rate of 300 

per second, are remarkahly regular even when fish is resting, as seen in lower records. 

DISCHARGE RATES DIFFER in dilIerent species of gymnotids. Stemopyglts nll/crltms 

(upper record) has rate of 55 per second; Eigennwnnia virescens (lower), 300 per second. 

\ \ 11\ \ \\\\\ \1\1\1\1\11111' ''''''\\\\\\\\I\\��\\\\\\\\\\1\H'\'' 
VARIABLE DISCHARGE RATE is seen in some speties. Tap on tank (white line in upper 

record) caused mormyrid to increase rate. Tap on fish (lower record) had greater elIect. 

underside; skates swim with pectoral 
fins stuck out sideways like wings [see 
illllstmtion on page 52.1. They all keep 
the spine rigid as they move. It would be 
rash to suggest that such deviations from 
the basic fish plan could be attributed to 
an accident of nature. In biology it al
ways seems safer to assume that any re
design has arisen for some reason, even 
if the reason obstinatelv eludes the in
vestigator. Since few fishes swim in this 
way or have electric organs, and since 
the fishes that combine these features 
are not related, a mere coincidence 
would appear most unlikely. 

A good reason for the ri�id swimming 
posture emerged when we built a 

model to simulate the discharge mecha-

nism and the sensory-perception system. 
We placed a pair of electrodes in a large 
tank of water; to represent the electric 
organ they were made to emit repetitive 
electric pulses. A second pair of elec
trodes, representing the electric sense 
organ, was placed some distance awav to 
pick up the pulses. We rotated the ;ec
ond pair of electrodes until they were 
on a line of equipotential, where they 
ceased to record signals from the send
ing electrodes. With all the electrodes 
clamped in this position, we showed that 
the introduction of either a conductor or 
a nonconductor into the electric field 
could cause sufficient distortion of the 
field for the signals to reappear in the 
detectors. 

In a prolonged series of readings the 
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slightest displacement of either pair of 
electrodes would produce great varia
tions in the received signal. These could 
be smoothed to some extent by record
ing not the change of potential but the 
change in the potential gradient over the 
"surface" of our model fish. It is probable 
that the real fish uses this principle, but 
to make it work the electrode system 
must be kept more or less constantly 

LATERAL LINE NERVES 

LATERAL LINE NERVES 

aligned. Even though a few cubic centi
meters of fish brain may in some respects 
put many electronic computers in the 
shade, the fish brain might be unable to 
obtain any sensible infolmation if the 
fish's electrodes were to be misaligned by 
the tail-thrashing that propels an ordi
nary fish. A mode of swimming that 
keeps the electric field symmetrical with 
respect to the body most of the time 

NASAL 
NERVE 

NASAL 
NERVE 

BRAIN AND NERVE ADAPTATIONS of electric fish are readily apparent. Brain of typical 

nonelectric fish (top) has prominent cerebellum (gray). Regions associated with electric 

sense (color) are quite large in Gymnarchus (middle) and even larger in the mormyrid 

(bottom). Lateral·line nerves of electric fishes are larger; nerves of nose and eyes smaller. 
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would therefore offer obvious advan
tages. It seems logical to assume that 
Gymnarchus, or its ancestors, acquired 
the rigid mode of swimming along with 
the electric sensory apparatus and sub
sequently lost the broad, oat'like tail fin. 

Our experiments with models also 
showed that objects could be de

tected only at a relatively short distance, 
in spite of high amplification in the re
ceiving system. As an object was moved 
farther and farther away, a point was 
soon reached where the signals arriving 
at the oscilloscope became submerged in 
the general "noise" inherent in every de
tector system. Now, it is known that mi
nute amounts of energy can stimulate a 

sense organ: one quantum of light regis
ters on a visual sense cell; vibrations of 
subatomic dimensions excite the ear; a 

single molecule in a chemical sense 
organ can produce a sensation, and so 
on. Just how such small external signals 
can be picked out from the general noise 
in and around a metabolizing cell repre
sents one of the central questions of 
sensory physiology. Considered in con
nection with the electric sense of fishes, 
this question is complicated further by 
the high frequency of the discharges 
from the electric organ that excite the 
sensory apparatus. 

In general, a stimulus from the en
vironment acting on a sense organ pro
duces a sequence of repetitive impulses 
in the sensory nerve. A decrease in the 
strength of the stimulus causes a lower 
freyuency of impulses in the nerve. Con
versely, as the stimulus grows stronger, 
the frequency of impulses rises, up to a 

certain limit. This limit may vary from 
one sense organ to another, but 500 im
pulses per second is a common upper 
limit, although 1,000 per second have 
been recorded over brief intervals. 

In the case of the electric sense organ 
of a fish the stimulus energy is provided 
by the discharges of the animal's electric 
organ. Gymnarchus discharges at the 
rate of 300 pulses per second. A change 
in the amplitude-not the rate-of these 
pulses, caused by the presence of an 
object in the field, constitutes the effec
tive stimulus at the sense organ. Assum
ing that the reception of a single dis
charge of small amplitude excites one 
impulse in a sensory nerve, a discharge 
of larger amplitude that excited two im
pulses would probably reach and exceed 
the upper limit at which the nerve can 
generate impulses, since the nerve would 
now be firing 600· times a second 
(twice the rate of discharge of the elec
tric organ). This would leave no room 
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to convey information about gradual 
changes in the amplitude of incoming 
stimuli. Moreover, the electric organs of 
some gymnotids discharge at a much 
higher rate; 1,600 impulses per second 
have been recorded. It therefore appears 
unlikely that each individual discharge 
is communicated to the sense organs as 
a discrete stimulus. 

We also hit on the alternative idea that 
the frequencv of impulses from the sen
sory nerve might be determined by the 
mean value of electric current transmit
ted to the sense organ over a unit of 
time; in other words, that the significant 
messages from the environment are aver
aged out and so discriminated from the 
background of noise. We tested this 
idea on GY11111archlis by applying trains 
of rectangular. electric pulses of vary
ing voltage, duration and fre(luency 
across the aquarium. Again using the 
conditioned-reflex technique, we deter
mined the threshold of perception for the 
different pulse trains. We found that the 
fish is in fact as sensitive to high
frequency pulses of short duratiol1 as 
it is to low-fretluency pulses of identical 
voltage but correspondingly longer du
ration. For any given pulse train, re
duction in voltage could be compensated 
either by an increase in frequency of 
stimulus or an increase in the duration 
of the pulse. Conversely, reduction in 
the frequency required an increase in 
the voltage or in the duration of the 
pulse to reach the threshold. The thresh
old would therefore appear to be de
termined by the product of voltage times 
duration times frequency. 

Since the frequency and the duration 
of discharges are fixed by the output of 
the electric organ, the critical variable at 
the sensory organ is voltage. Threshold 
determinations of the fish's response to 
single pulses, compared with quantita
tive data on its response to trains of 
pulses, made it possible to calculate the 
time over which the fish averages out 
the necessarily blurred information car
ried within a single discharge of its own. 
This time proved to be 25 milliseconds, 
sufficient for the electric organ to emit 
seven or eight discharges. 

The averaging out of information in 
this manner is a familiar technique for 
improving the signal-to-noise ratio; it 
has been found useful in various 
branches of technology for dealing with 
barelv perceptible signals. In view of the 
verv low signal energy that GY11111archlis 
can detect, such refinements in informa
tion processing, including the ability to 
average out information picked up by a 
large number of separate sense organs, 

SKIN OF MORMYRID is made up of many layers of platelike cells having remarkable hexa· 

gonal structure. The pores contain tubes leading to electric sense organs. This photomicro. 

graph by the author shows a horizontal section through the skin, enlarged 100 diameters. 

MEETING POINT of electric sensory cell (le!t) and its nerve (right) is enlarged 120,000 

diameters in this electron micrograph by the author and Ann M. Mullinger. Bulge of sensory 

cell into nerve ending displays the characteristic dense streak surrounded by vesicles. 
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appear to be essential. We have found 
that Gymnarchus can respond to a con
tinuous direct-current electric stimulus 
of about .15 microvolt per centimeter, a 
value that agrees reasonably well with 
the calculated sensitivity required to 
recognize a glass rod two millimeters in 
diameter. This means that an individual 
sense organ should be able to convey 
information about a current change as 

small as .003 micromicroampere. Ex
tended over the integration time of 
25 milliseconds, this tiny current cor
responds to a movement of some 1,000 
univalent, or singly charged, ions. 

The intimate mechanism of the sin
gle sensory cell of these organs is still a 
complete mystery. In structure the sense 
organs differ somewhat from species to 
species and different types are also found 

VERTICAL SECTION through skin and electric sense organ of a gymnotid shows tube con· 

taining jelly-like substance widening at base into a capsule, known as multicellular gland, 

that holds a group of special cells. Enlargement of this photomicrograph is 1,000 diameters. 
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in an individual fish. The fine structure 
of the sensory cells, their nerves and 
associated elements, which Ann M. 
Mullinger and I have studied with both 
the light microscope and the electron 
microscope, shows many interesting de
tails. Along specialized areas of the 
boundary between the sensory cell and 
the nerve fiber there are sites of intimate 
contact where the sensory cell bulges 
into the fiber. A dense streak extends 
from the cell into this bulge, and the 
vesicles alongside it seem to penetrate 
the intercellular space. The integrating 
system of the sensory cell may be here. 

These findings, however, apply only 
to Gymnarchlls and to about half of the 
species of gymnotids investigated to 
date. The electric organs of these fishes 
emit pulses of constant frequency. In the 
other gymnotids and all the mormyrids 
the discharge frequency changes with 
the state of excitation of the fish. There 
is therefore no constant mean value of 
current transmitted in a unit of time; 
the integration of information in these 
species may perhaps be carried out in 
the brain. Nevertheless, it is interesting 
that both types of sensory system should 
have evolved independently in the two 
different families, one in Africa and one 
in South America. 

The experiments with Gymnarchlls, 
which indicate that no information is 

carried by the pulse nature of the dis
charges, leave us with a still unsolved 
problem. If the pulses are "smoothed 
out," it is difficult to see how any one 
fish can receive information in its own 
frequency range without interference 
from its neighbors. In this connection 
Akira Watanabe and Kimihisa Takeda at 
the University of Tokyo have made the 
potentially significant finding that the 
gymnotids respond to electric oscilla
tions close in frequency to their own by 
shifting their frequency away from the 
applied frequency. Two fish might thus 
react to each other's presence. 

For reasons that are perhaps asso
ciated with the evolutionary origin of 
their electric sense, the electric fishes are 
elusive subjects for study in the field. I 
have visited Africa and South America 
in order to observe them in their natu
ral habitat. Although some respectable 
specimens were caught, it was only on 
rare occasions that I actually saw a Gym
narchus, a mormyrid or a gymnotid in 
the turbid waters in which they live. 
While such waters must have favored 
the evolution of an electric sense, it 
could not have been the only factor. The 
same waters contain a large number of 
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other fishes that apparently have no elec
tric organs. 

Although electric fishes cannot be seen 
in their natural habitat, it is still possible 
to detect and follow them by picking up 
their discharges from the water. In South 
America I have found that the gymnotids 
are all active during the night. Darkness 
and the turbidity of the water offer good 
protection to these fishes, which rely 
on their eyes only for the knowledge 
that it is day or night. At night most 
of the predatory fishes, which have well
developed eyes, sleep on the bottom 
of rivers, ponds and lakes. Early in the 
morning, before the predators wake up, 
the gymnotids return from their nightly 
excursions and occupy inaccessible hid
ing places, where they often collect in 
vast numbers. In the rocks and vegeta
tion along the shore the ticking, rattling, 
humming and whistling can be heard in 
bewildering profusion when the elec
trodes are connected to a loudspeaker. 
With a little practice one can begin to 
distinguish the various species by these 
sounds. 

When one observes life in this highl\' 
competitive environment, it becomes 
clear what advantages the electric sense 
confers on these fishes and why they 
have evolved their curiously specialized 
sense organs, skin, brain, electric organs 
and peculiar mode of swimming. Such 
well-established specialists must have 
originated, however, from ordinary fishes 
in which the characteristics of the spe
cialists are found in their primitive state: 
the electric organs as locomotive muscles 
and the sense organs as mechanorecep
tors along the lateral line of the body that 
signal displacement of water. Some
where there must be intermediate forms 
in which the contraction of a muscle, 
with its accompanying change in electric 
potential, interacts with these sense or
gans. For survival it may be important 
to be able to distinguish water move
ments caused by animate or inanimate 
objects. This may have started the evolu
tionary trend toward an electric sense. 

Already we know some supposedly 
nonelectric fishes from which, neverthe
less, we can pick up signals having many 
characteristics of the discharges of elec
tric fishes. We know of sense organs that 
appear to be structurally intermediate 
between ordinary lateral-line receptors 
and electroreceptors. Furthermore, fishes 
that have both of these characteristics 
are also electrically very sensitive. We 
may hope one day to piece the whole 
evolutionary line together and express, 
at least in physical terms, what it is like 
to live in an electric world. 
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TRACKING ELECTRIC FISH in nature involves placing electrodes in water they in· 

habit. Records at left were made'lI South American stream near daytime hiding place of 

gymnotids, those at right out in main channel of stream, where they seek food at night. 

c,. 

I 

�,;I'irl�\����lM'" · tJ/Nf-

AFRICAN CATFISH, supposedly nonelectric, produced the discharges shown here. Normal 

action potentials of muscles are seen, along with odd regular blips and still other oscillations 

of higher frequency. Such fish may be evolv;ng an electric sense or may already have one. 
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The Two-Neutrino Experiment 

An account of the heroic e�yperiment, involving a 30-billion-volt 

accelerator, a 10-ton spark chamber and 45 feet of armor plate, 

that delnonstrated that there is not one kind of neutrino but two 

T
hese days the discovery of a new 
elementary particle is scarcely 
news. Physics has been plagued by 

what seems to be a surfeit of particles for 
some time. \Vithin the past year, how
ever, a particle has been discovered that 
may have solved more problems than 
it has created. An experiment carried 
out with the 30-billion-electron-volt ac
celerator at the Brookhaven National 
Laboratory has demonstrated that there 
is not, as had been assumed, one variety 
of the particle known as the neutrino but 
two. When the Brookhaven accelerator 
was being designed 10 years ago, many 
uses were conceived for it, but no one 
dreamed that it would ever be employed 
to make neutrinos for experimental ob
servation. Indeed, 10 years ago many in
vestigators were still concerned with the 
verification of the neutrino's existence. 
The proof was ultimately supplied by 
a long series of detailed experiments, 
climaxed by the direct observation of 
neutrino-induced reactions in 1956. 

Neutrinos are the most impalpable of 
particles. They have no electric charge, 
no mass (or none that has yet been 
measured) and (if it is assumed that 
they are massless) they travel with the 
speed of light. They are produced in 
huge numbers by nuclear processes in
side the sun and other stars. Those that 
encounter the earth pass right through 
it with ease. Only about one neutrino 
in every 10 billion ( 1010) passing 
through the center of the earth is likely 
to react with another particle. Obviously 
a particle that reacted with nothing 
whatever could never be detected. It 
would be a fiction. The neutrino is just 
barely a fact. 

Elementary particles reveal their pres
ence by interacting in various ways. 
Physicists speak of four fundamental 
kinds of interaction (the modern term 
fur force), which differ m<lrh·dly in 
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strength. The weakest is gravitation, 
which is so weak that it becomes mani
fest only when vast numbers of particles 
are bound together to form a ponderable 
body. In the atomic domain, therefore, 
it can be ignored. In studying the be
havior of elementary particles only three 
forces need to be considered: "strong," 
electromagnetic and "weak." The rela
tive strengths of the three are roughly in 
the ratio of 1012 to 1010 to 1. The 
strong force is that which holds the 
particles in the nucleus of the atom to
gether and which is released in nuclear 
fission and fusion. It has the further 
property of generating reactions among 
strongly interacting particles. These are 
cataclysmic: no sooner are two such 
particles within "reach" of the strong 
force than the reaction takes place. The 
electromagnetic force is that which binds 
electrons to the atomic nucleus and 
which underlies all chemical and electric 
phenomena. For our purposes it is im
portant to note that fast-moving electri
cally charged particles are slowed down 
in matter by their continuous interaction 
with atomic electrons. Weak forces are 
responsible for the spontaneous decay of 
unstable-radioactive-nuclei and of ele
mentary particles. Here again to the 
force or interaction must be attributed 
the property of inducing transformations 
among particles. It is believed that all 
elementary particles are subject to weak
force interactions, although the effects 
are often obscured by the strong and 
electromagnetic forces. 

All this can be expressed another way 
by classifying particles according to the 
interactions in which they can take part. 
In the present discussion we shall be 
concerned only with six particles: the 
proton, pion, neutron, electron, muon 
and neutrino [see -illustration on page 
62]. Proton and pion take part in all 
three interactions: strong, electromag-

netic and weak. The neutron, being 
electrically neutral, has only very subtle 
electromagnetic properties, but it is in
volved in both strong and weak inter
actions. Physicists often refer to the three 
particles-proton, pion and neutron-as 
"stronglies." The other three-electron, 
muon and neutrino-are "weaklies." The 
neutrino, alone among particles, has only 
weak force. Each of the six particles has 
a corresponding antiparticle, with an 
identical set of forces. 

One of the earliest forms of nuclear 
instability to be investigated was that 
known as beta decay. This is the spon
taneous emission of an electron (or its 
antiparticle, a positron) from an un
stable atomic nucleus. When the ener
gies of the emitted electrons were first 
measured in the 1920's, the results were 
baffling. It was expected that all the 
electrons emitted from one kind of nu
cleus would have the same energy. In
stead they had a wide spectrum of ener
gies, ranging downward from some 
maximum value. How to account for the 
missing energy? 

With deep insight and considerable 
daring Wolfgang Pauli of Austria sug
gested in 1931 that the missing energy 
was being carried off by an undetected 
particle. The name "neutrino" was soon 
supplied by Enrico Fermi. Perceiving 
that the rate of beta decay was enor
mously slow compared with the rate of 
other nuclear reactions, Fermi postu
lated that it represented a new force and 
developed a theory to describe it. The 
simplest beta-decay reaction involves the 
free neutron. Upon ejection from an 
atomic nucleus the neutron decays spon
taneously, yielding a proton and an elec
tron. Again there was missing energy to 
be accounted for and it was also assigned 
to the neutrino, or, to be precise, the 
antineutrino. 

Fermi's theory predicted that it should 
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TARGET OF BEAM OF PROTONS that gave rise to one of two 

kinds of neutrino is the horizontal block above the bright yellow 

metal parts in the vacuum chamber of the alternating.gradient syn· 

chrotron at the Brookhaven National Laboratory. The collision of 

the protons with atoms in the target results in the production of 

pions, which decay into the neutrinos required for the experiment 

described in the text. In this experiment the synchrotron accelerated 

the protons to 15 billion electron volts, one·half of its energy range. 
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PROTON 
STRONG, ELECTROMAGNETIC, WEAK 

PION 
STRONG, ELECTROMAGNETIC, WEAK 

NEUTRON 
ST RONG, WEAK 

SIX PARTICLES discussed in the text are characterized by three 

types of "interaction" (the modern term for "force"): strong 

(black) , electromagnetic (blue) and weak (pink). The proton and 

pion enter into all three types of interaction; the neutron displays 

ELECTRON 
ELECTROMAGNETIC, WEAK 

MUON 
ELECTROMAGNETIC. WEAK 

NEUTRINO 
WEAK 

only strong and weak forces. The electron and muon have identical 

properties. Of all the particles, the neutrino alone enters into weak 

interactions only. In general the three particles at left can be reo 

garded as strong interactors; the three at right, as weak interactors. 
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be possible for the reaction to go in re
verse; that is, that an antineutrino should 
occasionally react with a proton to pro
duce a neutron and (to balance charges) 
a positron. This is the reaction that was 
sought and found in 1956 by Frederick 
Reines and Clyde L. Cowan, JI. 

By the time the neutrino was finally 
observed, physics was deep in new 

troubles, brought on by the discovery of 
new particles. They were many, they 
were unstable and their lifetimes indi
cated that almost all decayed through 
weak interactions. A weak-interaction 
decay is characterized by a lifetime rang
ing roughly from 103 seconds to 10-10 
second. If strong forces were involved, 
the decay rate would be 10-23 second. 

Among the many new particles was 
one destined to play a central role in 
the two-neutrino experiment. The par
ticle is the pion, which was discovered 
in 1947 at Bristol University by C. F. 
Powell, C. M. G. Lattes and G. P. S. 
Occhialii1i. The pion appeared in cos
mic ray tracks recorded in photographic 
emulsions exposed at high altitudes. The 
pion had been expected by physics since 
1935, when the Japanese physicist 
Hideki Yukawa predicted its existence 
on theoretical grounds. According to 
quantum field theory, every force in na
ture is accompanied by a particle whose 
assignment is to transmit that force be
tween interacting particles. For example, 
the electromagnetic force is borne by 
the photon. Yukawa postulated that a 
particle with 200 or 300 times the mass 
of the electron would be needed to con
duct the nuclear force field-the strong 
force-between nuclear particles. The 
mu meson, or muon, was discovered in 
1936 and had about the right mass, but 
subsequent observations proved that the 
muon was a weakly. It did not transmit 
the strong force. In fact, it was the first 
of the elementary particles for which 
physical theory was unable to provide a 
role. The pi meson, or pion, met Yuka
wa's specifications. The very first emul
sion photographs showed that pions re
acted violently with atomic nuclei. 

In 2.55 X 10-8 second the positive 
pion decays into a positive muon and a 
neutrino. As in beta decay, the neutrino 
is needed to account for missing energy 
(and momentum). The first paper ana
lyzing the pion-decay reaction, however, 
assigned a mass of about 100 electron 
masses to the invisible particle produced 
in the decay and dubbed it the "neu
tretto," to distinguish it from the pre
sumably massless neutrino. Before long 
the estimated mass was reduced by a 
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BETA DECAY is a' weak interaction involving a proton or neutron. Inside an atomic 

nudeus, a proton (top) can decay into a neutron, positron and neutrino of the electron 

type. Free neutron (bottom) decays into proton, electron and electron·type antineutrino. 
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PION DECAY, another weak interaction, yields positive muon and muon· type neutrino 

(top) or negative muon and muon·type antineutrino (bottom), according to pion's charge. 
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MUON DECAY, also weak, yields a positron (top) or an electron (bottom). Both decays 

yield a neutrino and an antineutrino, one "helonging" to the muon, the other to the electron. 
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ELECTRON AND MUON appear to be identical in every respect 

except mass (and lifetime), the muon having a mass some 200 

times greater. This identity extends to the reactions in which they 

take part. For every reaction involving an electron there is a cor· 

responding reaction involving a muon; for example, the reaction 

of either particle with a proton produces a neutron and a neutrino. 

factor of 10 and the distinction was 
dropped. The simplest conclusion was 
that pions decay into muons and neu
trinos-the samc kind of neutrinos, pre
sumably, as those produced in beta de
cay. Furthermore, the conservation law 
known as charge conjugation led to the 
conclusion that if positive pions produce 
positive muons and neutrinos, negative 
pions must produce negative muons and 
antineutrinos. 

The assignment of the neutrino to the 
positive pion and the anti neutrino to 
the negative pion follows from the idea 
that "leptons" are conserved. The lcp
tons are the electron, the negative muon 
and the neutrino; the antileptons are the 
positron, the positive muon and the 
antineutrino. The conservation of lep
tons requires that in any reaction the 
total number of leptons minus the num
ber of the antileptons is constant. 

By 1958 the theory of weak interac-
tions, originally due to Fermi, had 

been developed in a highly successful 
manner by a number of workers, most 
notably by T. D. Lee at Columbia Uni
versity and C. N. Yang at the Institute 
for Advanced Study and by Richard P. 
Feynman and Murray Cell-Mann of 
the California Institute of Technology. 
Nevertheless, problems remained. 

First, there was (and still is) the 
muon-electron problem. For every re
action known to involve an electron there 
is a corresponding reaction involving a 
muon [see illustration above J. The simi
larity of muons and electrons extends 
also to their intrinsic properties: they 
have the same quantum characteristic 
known as spin, and their magnetic and 
electric properties have been compared 
to an accuracy of a few per million and 
found to be the same. Indeed, apart from 
the fact that the muon is some 200 times 
heavier than the electron, the two par
ticles seem identical. 

The problem of mass is central to the 
entire subject of elementary particles. 
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The fact that the large difference in the 
masses of the muon and the electron does 
not seem to induce other differences in 
their properties is one of the most fasci
nating in contemporary physics. These 
differences must be sought, however 
subtle. How can the neutrino help? In 
beta decay the electron is produced with 
a neutrino. In pion decay the muon is 
produced with a neutrino. In neutrino
nucleal collisions electrons and muons 
should be generated. At high energies 
this type of experiment would constitute 
a sensitive probe of muon-electron dif
ferences. No one, however, had ever 
shown that the neutrino born with an 
electron in beta decay and the neutrino 
born with a muon in pion decay were 
identical. If they were different, the 
difference must obviously be connected 
with the muon-electron difference. This, 
then, was one motive for considering a 
high-energy neutrino experiment. 

The fruitfulncss of such an experiment 
was analyzed in detail in late 1959 by 
Lee and Yang. All knowledge of weak re
actions up to the spring of 1962 had 
been gained from observations at low 
energies. In no case did the energy trans
fer exceed 100 million electron volts. 
Physicists were most anxious to see how 
the weak force behaved when the encr
gy exchange was increased toward a bil
lion electron volts, and beyond. The 
traditional result of observing interac
tions at higher and higher energies is to 
"see" finer and finer details of structure. 
Obviously what was needed was a high
energy collision experiment involving 
a weak interaction. The only collision 
that would tell anything about the weak 
force, and that would not be "drowned 
out" by electromagnetic and strong 
forces, was a collision in which onc of 
the paIiicles was a neutrino. 

The desire for a high-energy weak
interaction experiment was sharpened 
by a widely recognized defect of weak
interaction theory. In the summer of 
1960 Lee and Yang analyzed this prob-

lem at length. Although the theory yield
ed excellent predictions for low-energy 
reactions, it led to absurd results for high 
energies. As a general rule an increase 
in energy provides an increasing number 
of ways for a reaction to occur. 

In the case of the Fermi theory for 
weak interactions this led to the predic
tion that above a certain energy there 
would be more reactions than particles 
available to take part in them. Some
thing, therefOlje, must intervene to damp 
the reaction rate. What was it? 

J
""

O. 

UNOBSERVED ' 

' . . 

. � . 
" . 

ANNIHILATION of neutrino and antineu· 

tdno (top) should yield bottom reaction 

if there were only one kind of neutrino. 
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DETECTION OF NEUTRINOS depends on the reversal of a re· 

action already known to occur. The neutrino leaves no visible 

tracks in a spark chamber and can only be detected through its 

interaction with other particles. Since a muon·proton reaction 

(le/t) produces a neutron and a neutrino, a visible muon (right) 

should occasionally appear when a neutron and a neutrino collide. 

One mechanism for damping the 
weak-reaction rate was the possible exi-st
ence of an undiscovered particle, about 
which there had been wide discussion 
ever since Yukawa's theory of the meson. 
It had been given the name "intermedi
ate boson" and the symbol "w." 

It would serve to carry the weak force 
in the same wav that the photon carries 
the electromagnetic force and the pion 
the strong force. It would be the "un
glue" that makes a particle break up 
when it decays. It could not be directly 

J.l 

recorded by photographic emulsions, 
bubble chambers, spark chambers or 
other devices for making particle tracks 
visible because its predicted lifetime
about 10.17 second-is too short. In this 
length of time a particle moving at al
most the speed of light would travel less 
than a millionth of a centimeter. 

A likely reaction for generating the 
particle is the collision of a high-energy 
neutrino with a proton. Out of the col
lision should come the intermediate 
boson (if it exists), a proton and a nega-

IF 

AND 

tive muon. Immediately the boson should 
decay, yielding, some of the time, a 
positron and a neutrino [see illustration 
on page 70]. With the aid of a suitable 
detecting device one should be able to 
see the negative muon and the positron 
as if they originated at a common point. 
This would be the boson's "signature." 
The big advantage of using neutrinos to 
hunt the boson was that thev would pro
duce relatively few background events 
to obscure its signature. 

The most compelling motive for wish-

LOGIC OF TWO·NEUTRINO EXPERIMENT depends on the 

identity (top) or nonidentity (bottom) of electron·type and muon· 

type neutrinos. If they are identical, the reaction of muon·type 

neutrinos (from pion decay) and neutrons should produce muons 

and electrons in equal numbers. If the two types of neutrino are dif. 

ferent, the same reaction should produce muons but not electrons. 

65 

© 1963 SCIENTIFIC AMERICAN, INC



RESIDUAL NUCLEUS 

_®�I 
PROTON 

PRODUCTION OF NEUTRINOS for the two-neutrino experiment 

,vas achieved by directing a beam of accelerated protons at a target 

BERYLLIUM TARGET 

TWO·NEUTRINO EXPERIMENT used the 600-foot-diameter alter

nating-gradient synchrotron at Brookhaven, only part of which 

appears in this drawing. A beam of 15-billion-electron-volt protons 
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n+ -------------------

of beryllium atoms (Be). The interaction of these protons with the 

neutrons and protons of the target prod uces positive and negative 

ALTERNATING GRADIENT SYNCHROTRON 

/ 

was allowed to strike a heryllium target, producing an intense beam 

of pions. About 10 per cent of the pions decayed into muons and 

neutrinos hefore smashing into a 13.5-meter wall of armor plate. 
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pions, which de('ay into muons and neutrinos and antineutrinos of the muon type. Occasion· 

ally a neutrino (or antineutrino) will react with a neutron (or proton), producing a muon. 

/ 

The pions and muons were stopped by the wall; the neutrinos penetrated easily and passed 

through a spark·chamber detector. At rare intervals the chamber was "triggered" by ap· 

pearance of a muon I colored track) produced by interaction of a neutrino or antineutrino. 

ing to examine weak interactions at high 
energies was the puzzle presented by 
certain nonobserved reactions. When
ever an electron or a muon appears in a 
reaction, it is always accompanied by a 
neutrino. It is possible, however, to write 
down perfectly good weak reactions for 
the muon and electron that satisfy all the 
conservation laws and in which neutrinos 
do not, appear. Yet no such reactions had 
ever been observed. When reactions that 
could take place are not seen, one must 
conclude that a basic prohibition law is 
at work. 

One in particular of these evidently 
prohibited reactions had been sought in 
many laboratories, with very sensitive 
techniques. This was the decay of a 
muon into an electron and a photon. It is 
well known that a muon sometimes de
cays into an electron, a photon, a neutrino 
and an antineutrino [see bottom illustra
tion on page 64]. Moreover, particles and 
their antiparticles annihilate each other 
when they ,He in suitable proximity. One 
can think of the muon's decay into four 
particles and the annihilation of two of 
thcm as being two steps in a "virtual" 
reaction, virtual meaning that the re
action meets theoretical requirements 
but cannot be observed. This particular 
virtual reaction would be stimulated by 
the presence of the intermediate boson. 
Under such circumstances the electron 
and photon would carry off all the energy 
and momentum of the muon decay. It 
was this that had never been observed. 

Gell-Mann and Gerald Feinberg of 
Columbia University had independently 
pointed out that if the intermediate 
boson, tv, existed, the unobserved reo 
action should "go" at a rate thousands of 
times faster than the minimum rate ex
perimentally detectable. In fact, the abo 
sence of the reaction was often taken as 
evidence against tv. To our experimental 
group at Columbia the puzzle was con· 
verted to a crisis by the further point 
emphasized to us by Lee (and also con
tained in the 1960 Lee-Yang paper). 
Any mechanism that would serve to 
damp the weak-interaction rate at high 
energies would stimulate the very reo 
action that no one had been able to 
observe. 

One way to resolve the paradox is to 
assume that the neutrino and antineu· 
trino of the muon decay cannot annihi· 
late each other because they are of dif· 
ferent species. Conceivably one species 
"belongs" to the disappearing muon and 
thc other to the newly created electron. 
This hypothesis had the great virtue of 
preserving all successful features of the 

existing theory. Clearly a decisive ex· 

periment was needed, and this was an· 
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REAL AND SPURIOUS EVENTS detected by the spark chamber 

are sometimes indistinguishable. The spurious event (right) is 

produced by a cosmic ray muon, which has slipped into the cham

ber without triggering "anticoincidence" counters. Ordinarily they 

would prevent other counters inside the chamber from recording 

the event. In the actual experiment several hundred cosmic ray 

events were recorded, but they were identified by the angle of 

passage. It is estimated, however, that of the 56 events attributed to 

neutrinos, about five represented cosmic ray muons entering at an 

angle that made them indistinguishable from a genuine event. 

other motive for the Brookhaven neu
trino experiment. 

Thus there were three urgent reasons 
for wanting to study weak interactions at 

-high energies: to learn more about the 
muon and the electron, to observe re
action rates at high energies and to look 
for a second kind of neutrino. In each 
case the key to an experiment lay in ob
serving high-energy neutrinos. How 
could they be obtained? 

Late in 1959 Bruno Pontecorvo, work
ing at the high-energy physics laboratory 

. at Dubna, north of Moscow, and Melvin 
Schwartz of Columbia University inde
pendently put forward the feasibility of 
using accelerators to provide neutrinos of 
the desired energy. The neutrinos would 
arise primarily from the decay of pions 
produced when high-energy protons 
from an accelerator were allowed to 
strike a suitable target. 

In 1960 Schwartz, Jack Steinberger 
and I at Columbia calculated that the 
alternating-gradient synchrotron (AGS) 
recently completed at Brookhaven might 
possibly p,·ovirle high-energy neutrinos 
in the quantity needed to carry out a 
search for the second neutrino and to 
observe the rates of weak interactions at 
high energies. If the experiment pro
vided evidence for thl' intermediate 
boson, so much the better. The proposal 
was received enthusiastically by the 
Brookhaven staff and in collaboration 
our two groups began setting up the ex
periment with the support of the Atomic 
Energy Commission. Associated with 
Schwartz, Steinberger and me in the 
experiment were Gordon T. Danby of 
the Brookhaven accelerator department, 
two Columbia graduate assistants, Kon
stantin Goulianos and Nariman Mistry, 
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and Jeap-M arc Gaillard, a visitor from 
the French high-energy physics labora
tory at Saclay. 

The search for the second neutrino 
was based on the following reasoning. 
The AGS at Brookhaven produces large 
numbers of high-energy pions. The neu
trinos arising from pion decay would be 
born with muons; therefore they would 
be of the muon type, if there were real
ly two types. Only a negligible number 
of neutrinos of the electron type could be 
produced. (These would arise from a 
tiny fraction of pions and K mesons that 
decay into neutrinos and electrons.) The 
neutrinos would collide with neutrons 
(and protons), with two possible conse
quences. If neutrinos were of only one 
type, they should react with neutrons to 
produce equal numbers of electrons and 
negative muons. If there were two kinds 
of neutrinos, the kind generated in our 
experiment should be unable to produce 
electrons and we should observe only 
muons. 

�though the experiment was straight-
forward, considerable effort was re

yuired to obtain a suitable pion beam, 
to provide shielding that would reduce 
spurious events to an acceptable level 
and to design and construct a detector 
for neutrino collisions. Some 18 months 
elapsed between the initial planning of 
the experiment and the first runs with 
all the apparatus in place. 

The great Brookhaven synchrotron is 
600 feet in diameter. Protons injected 
into it require several seconds to reach 
the full energy of 30 billion electron 
volts (Bev). At full energy the muons 
produced in pion decay would be so 
energetic that they would penetrate 

more shielding than we could provide 
and spoil our results. Accordingly we 
selected for the experiment a beam ener
gy of 15 Bev. When protons of this 
energy are deflected into a target made 
of beryllium, they produce pions with a 
broad distribution of energies peaked at 
about three Bev. A fraction of these pions 
fall within a 14-degree cone aimed in the 
direction of our detecting apparatus. 

A three-Bev pion will decay, on the 
average, after traveling 150 meters. The 
neutrino arising from the decay will con
tinue in the same general direction as 
its parent. A simple calculation showed 
that if we provided a full 150 meters 
for thc pions to decay in, the beam would 
continue to diverge and we would get 
fewer neutrinos through our detector 
than if we placed the detector .closer 
to tbe target. It turned out, in view of 
the required shielding, that a .flight path 
of about 20 meters was optimum. In 

SINGLE MUON TRACKS were photo

graphed in the 10-lOn spark chamber at 
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this distance about 10 per cent of the 
pions decay, sending their muons and 
neutrinos forward. The last, together 
with the remaining pions, crash into the 
main shielding wall: 13.5 meters of steel 
armor plate from an old battleship. The 
steel wall stops all the particles except 
the neutrinos, which penetrate the wall 
as if it were not there. The pions and 
other strongly interacting particles pen
etrate only about a foot before being 
stopped. The muons, which "feel" only 
the electric force of the electrons in the 
iron atoms, penetrate farther before all 
of their energy is removed. The thick
ness of the shield was actually dictated 
by the necessity of stopping these high
ly penetrating particles. 

In its early stages the experiment was 
plagued by leaks, mostly of particles that 
would pass under or over the steel wall 
and then be deflected into the detector. 
Thanks, however, to the zeal of the AGS 
staff under Kenneth Green, the sources 
of the background were eventually lo
cated and suppressed. This involved 
stacking hundreds of tons of rusty armor 
plate within inches of one of the world's 
most delicately aligned mechanisms. 

The detector used in our experiment 
is called a spark chamber, which is quite 
new to particle physics [see "The Spark 
Chamber," by Gerard K. O'Neill; SCIEN
T[FIC AMERICAN, August, 1962]. It is the 
only detector yet developed that could 
supply the 10 tons of protons and neu
trons required to induce a reasonable 
number of neutrinos to react. In other 
words, the number of neutrino events we 
could hope to observe depended on the 
number of protons

' 
and neutrons that 

could be packed within the detector 
itself. Our spark chamber consisted of 
90 aluminum plates, each an inch thick 
and four feet square, arranged in 10 
modules of nine plates each. The plates 

were held three-eighths of an inch apart 
by spacers made of transparent plastic. 
The space between the plates was Riled 
with neon gas. 

When a charged particle passes 
through the spark chamber, it leaves in 
the gas a wake of free electrons, which 
stay put for many millionths of a second. 
This period, although brief, is crucial 
because it allows one to record only 
selected events. Scintillation counters lo
cated both inside and outside the cham
ber detect the passage of the charged 
particles. The output of these counters 
provides information about the events 
taking place within the chamber. Only 
if the event is "interesting" is the record
ing process set in motion. This is done 
by placing a high voltage on the plates 
of the chamber. Where particles have 
left a wake of free electrons, a spark 
jumps through the neon gas. Cameras 
photograph the spark tracks through the 
clear plastic walls, thereby providing a 
stereoscopic view of the paths taken by 
charged particles less than a millionth of 
a second earlier. 

In our experiment we were interested 
in events produced by charged particles 
that had more than 100 million electron 
volts (Mev) of energy and that were 
created within the chamber. It was im
practical to provide enough shielding to 
block all cosmic ray muons entering the 
chamber from the outside. These, of 
course, were able to activate the trigger
ing counters, arranged as vertical slabs 
between the 10 modules of the chamber. 
We established that several hundred 
cosmic ray muons entered the chamber 
every second. To avoid photographing 
so many useless events we placed "anti
coincidence" counters on the front, back 
and roof of the chamber. If any of these 
counters recorded the passage of a par
ticle immediately before it was sensed by 

the triggering counters inside the cham
ber, the command to Rre was canceled. 
Since the bottom and side faces of the 
chamber could not be monitored in this 
way, however, the cosmic ray muon 
count still came to about 80 per second. 

The problem was managed by making 
the durations of the synchrotron-pro
duced radiation as short as possible. The 
Brookhaven experts were able to gen
erate pulses of radiation that were only 
three-millionths of a second long. Pulses 
were repeated at intervals of 1.2 seconds. 
Most of the cosmic ray background could 
therefore be eliminated simply by requir
ing that the synchrotron be "on" when 
a particle was detected. The entire 
experiment, which stretched over eight 
months, consisted of just under two mil
lion pulses. This meant the machine was 
on for only six seconds all told. At a rate 
of 80 counts per second only about 480 
cosmic ray events were recorded in this 
period, and it was usually easy to estab
lish from the position of the tracks in the 
photographs which of them had been 
produced by cosmic rays. Nevertheless, 
we estimated that about Rve cosmic 
rays entered the chamber at such an 
angle that they were indistinguishable 
from genuine events. The number of 
such events that could simulate neutrino 
collisions was carefully determined by 
long runs on weekends when the syn
chrotron was in fact off. 

The experiment was run intermittent
ly from September, 196 1, until June, 
1962. When the synchrotron was well 
behaved, 10 million neutrinos passed 
through the spark chamber on each 
pulse. In a good hour the machine de
livered 3,000 pulses, and a good day had 
20 good hours. The experiment ran for 
25 good days, during which time nearly 
1014, or 100 trillion, high-energy neu
trinos traveled through the spark cham-

Brookhaven during the two·neutrino experiment. They provide 

visible evidence of the occurrence of reactions between individual 

neutrinos and neutrons (or anti neutrinos and protons). Electron 

tracks (see text) would have a di.tinctly differ�nt appearance. 
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ber. This is about the number of low
energy neutrinos from the sun that pass 
through our bodies every second, pro
ducing, perhaps, one reaction in a human 
lifetime. We had estimated that 10H 
high-energy neutrinos would yield about 
25 reactions. 

The counters triggered the chamber 
about 10 times an hour-about five times 
the rate anticipated-providing us with 
some 5,000 photographs. More than half 
of the pictures were blank; we have nev
er figured out why. We found the ex
pected number of cosmic ray tracks 
(about 480 ) and a surprising number of 
tracks made by muons from the accelera
tor beam, which had slipped past the 
anticoincidence guard to trigger the sys
tem. ''''hen all such nonsignificant events 
were thrown out, we were left with 5 1  
events that we could attribute to neu
trino collisions. Of these, 29 showed the 
tracks of single muons and 22 showed 
the tracks of a muon together with one 
or more tracks produced by a pion or 
something else. 

How could we be sure that the tracks 
had been produced by muons and not 
half by muons and half by electrons? 
Certainty on this point was essential to 
a decision whether there are two neu
trinos or only one. Fortunately electron 
tracks are readily distinguished from 
muon tracks. We established the charac
ter of electron tracks by exposing two 
modules of our spark chamber to an elec
tron beam produced by another accel
erator. A muon almost always produces 
a strong track that follows a straight 
path. An electron track is usually er
ratic, wandering slightly from side to 
side. Often the path is marked by several 
weak sparks, and freyuently there are 
gaps in the track. The neutrino experi-

ment produced only six photographs 
that might be interpreted as electron 
showers. All were obtained in the first 
part of the run, when some neutrons were 
almost certainly leaking into the spark 
chamber. It is probable that some of the 
six events are small "stars" produced bv 
neutrons. One or two could, in fact, be 
muons. Finally, a few electron events 
could be expected from electron-tvpe 
neutrinos created in the decav of K 
mesons known to be in the pion beam. In 
short, there was nothing approximating 
eyual production of muons and electrons, 
as predicted by the "one neutrino" 
theory. 

The conclusion, we think, is quite 
clear. There are two kinds of neutrino. 
Those produced by the decay of pions 
in our experiment are of the muon type 
and cannot produce electrons by inter
acting with neutrons. To produce elec
trons bv this l'eaction one would need 
neutrinos of the electron tvpe. 

O ver and above this particular finding, 
the Brookhaven experiment proved 

the feasibility of high-energy neutrino 
experiments using accelerators of 15 
Bev or more. The only accelerators now 
capable of such experiinents are the 
Brookhaven synchrotron and the simi
lar machine at the European Organiza
tion for Nuclear Research ( cEn� ) in 
Geneva. Investigators at both labora
tories (as well as at the Argonne Nation
al Laboratory, where a 12-Bev machine 
is nearing completion ) are preparing 
experiments in which the proton beam 
will be extracted from the machines to 
obtain intense pion beams. 

The Brookhaven experiment failed to 
indicate anv deviation from the weak
interaction rate predicted by theory. 
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"INTERMEDIATE BOSON," if it exists, should be created by the collision of a high. 

energy neutrino and a proton. Almost instantly it should decay into a positron and a 

neutrino, although other deeay modes are possible. The decay is so rapid that in a spark· 

.. hamber photograph the positron should seem to arise at the same point as the negative muon . 
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This is  probably because our average 
neutrino energy was still well below that 
at which the theory predicts a steep 
rise. The next experiments should be 
done with particles of considerably high
er energy. My associates and I are pre
paring a new experiment that may reveal 
whether or not the intermediate boson 
exists. We plan to look for its signature 
this fall. 

�1eanwhile theorists have two neu
trinos to play with. The first clear gain 
of this finding is that a long list of pro
hibited reactions can now be under
stood. Neutrinos born with muons are 
in some way different from neutrinos 
born with electrons. This difference can 
be labeled with a new "yuan tum num
ber"-say M, for muon-ness-which must 
be conserved. For the positive muon and 
its neutrino M equals 1. For the negative 
muon and the antineutrino �1 eyuals 
- 1 . For all other particles M eyuals O .  
The new yuantum number must be con
served in reactions, and this is nothing 
but a standard way of "explaining" why 
the unobserved reactions do not occur. 
The electron and its neutrino have a cor
responding quantum number, say N ,  
which must also be conserved. 

Until recently physiCists asked the 
(luestion : Why does nature need two 
particles, the muon and the electron, 
that are alike in everything but mass? 
One must now add : Why does nature 
need a muon-neutrino and an electron
neutrino that mav not even have a mass 
difference? The �lectron-neutrino's mass 
is now known to be less than a thou
sandth the mass of the electron, and it is 
generally assumed to be zero. Less is 
known about the muon-neutrino's mass. 
The best measurements indicate a mass 
less than seven times the mass cif the 
electron. Should it turn out to be differ
ent from zero, the original name "neu
tretto" would be most appropriate for it. 

The puzzle of the two particles may 
be resolved in two yuite different ways. 
It may turn out that muon-ness conceals 
a complex inner structure to which pres
ent-day experiments are not sensitive. 
Another possibility, suggested by Lee, 
is that muon-ness and electron-ness are 
analogous to the situation presented bv 
electric and magnetic fields. In the 19th 
century the two fields were regarded as 
similar but not identical. Albert Ein
stein's special theory of relativity, pre
sented in 1905, revealed the intimate 
relation of the two and explained how 
electric and magnetic fields can be trans
formed illto each other. The theory that 
will explain how muon-ness transforms 
i nto electron-ness may provide another 
deep clarification of physical thought 
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I �@@]IDfu reports on : I 
m ovies without enterta i n m ent . . .  the value of a -dollar • • •  a big one with a low threshold 

Brig. Gen. Webb's assignment 
You sway in the Sea Beach Express 
under Manhattan and note how deeply 
engrossed is the young woman across 
the aisle in reading about movie stars . 
You walk down a side street in a Kansas 
town in the evening and note how every 
family in every house sits transfixed 
before the blue bottle. The motion pic
ture camera has held the people in thrall 
for a long time now. You have your 
opinions and impressions of how most 
professional motion picture cameras are 
employed. You could be wrong. 

Not long ago we announced a new 
1 6mm professional motion picture cam
era, the KODAK Reflex Special. Embodies 
10 years' research and design, we told 
the movie-makers. They bought. Then 
we took a look at exactly who they 
might be. Not entirely the crowd that the 
careless observer might have guessed-

Cineangioradiographers who make 
clinical x-ray movies of the great vessels 
and valves of the heart. 

Psychiatrists. 

Petroleum engineers. 

Sociologists, professional ones. 

Surgeons. 

Aerospace medical people. 

A biologist who shoots 5,000 feet per 
month of time-lapse motion pictures of 
tissue cultures, mostly through the oil
immersion microscope objective, and 
who has Gpened up dynamic morphology 
by photographing the mechanism of 
neoplasia, the functioning of organoids 
within the living cell, and the structural 
changes by which it answers physical 
and chemical changes in its environment. 

A physicist, a mathematician, and a 
few others talked one night at Woods 
Hole till dawn about the motion picture 
as a research tool and means of com
munication between scientists, quite 
apart from science teaching. They moved 
the National Academy of Sciences, the 
National Research Council, and the 
National Science Foundation. These im
posing bodies have correlated their com
plex functions to seek out the scholar 
bending a movie camera to his will in 
some ignored nook of the campus. Their 
survey has turned up two or three hun
dred of him. 

NSF has granted funds to the Na
tional Academy of Sciences to start the 
American Science Film Association. 
Brig. Gen. Willard Webb has left the 
Library of Congress to become ad-

ministrative director of ASFA. The iso
lated researcher with a movie camera 
and the scientifically dead-serious busi
nessman with priceless studies of whales 
copulating can look to ASFA. It will be 
able to tell one how others have solved 
problems he is still struggling with and 
to help him make contact with colleagues 
in various parts of the world who want 
to see his footage. He ought to make 
sure that his name and his interests are 
on file with American Science Film As
sociation, 704 Seventeenth St. N. W. , 
Washington 6, D. C. 

Neither ASFA, NSF, NRC, nor NAS en
dorses any particular brand name, but we do. 
In doing so we can answer many pertinent 
questions about cameras, projectors, film, 
processing services, and auxiliary equipment 
for anybody who asks them of Eastman 
Kodak Company, Motion Picture Film De
partment, Rochester 4, N. Y. 

An interest in silver 
To avoid crippling confusion in motiva
tion, one stoutly reaffirms the belief of 
ages past that one is in business for the 
money. Today, however, other moti
vators exhibit their power, and though 
we still pursue the almighty dollar 
fiercely, once we have caught it we give 
little thought to the promise printed on 
it under President Washington's por
trait. It promises silver. 

Our house is founded on this truly 
unique gem of the periodic table. The 
marvelous behavior of the crystal lattice 
that it forms with bromine, when prop
erly studded with impurities, makes 
photography possible ; the importance 
of photography in both the serious and 
the gay is a major component of the 
force that attracted over 1 09 almighty 
dollars into the till last year. (Figura
tively. Physically they are only a configu
ration of magnetized domains on a strip 
of iron oxide in some vault. Wonderful 
is the mind of man.) 

Silver is drawn from the vault (a dif
ferent vault) and made into pure AgN03. 
The vast bulk of this gets converted to 
silver halides and moves out on photo
graphic goods. A very few parts per 
million find their way into bottles carry
ing the EASTMAN Organic Chemicals 
label. 

Silver Nitrate itself, a fixture of the 
chemical laboratory since long before 
the invention of the test tube, still makes 
news. Only last spring it was revealed 
that silica impregnated with AgN03 
displays highly selective adsorption with 
respect to the geometry and number of 
C =  C's in related unsaturated lipids, as 
detailed for chromatographic practice in 

Chemistry and Industry, June 16 and 
July 7, 1 962. Last year also AgN03-
Dichromate spray reagent was proposed 
for mercapturic acids and S-phenylcys
teines (J. C.S. , 1962, 608). AgN03 paper 
detects and fixes volatile As and Sb 
hydrides (Chim. Anal. , 43, 44 1 ) .  AgN03 
is needed in the complexometric titra
tion of K, Li, and Rb (Mikrochim. Acta, 
1961, 644, 729, 732). 

We also offer Silver Nitrite, Silver Arse
nate, Silver Carbonate, Acetic Acid Silver 
Salt (aren't we silly in our nomenclature f), 
Silver Cyanate, p-Toluenesulfonic Acid Sil
ver Salt, numerous reagents for silver, and 
an invitation to all chemists interested in 
silver to keep in touch with EASTMAN Organic 
Chemicals Department, Distillation Products 
Industries, Rochester 3, N. Y. (Division of 
Eastman Kodak Company). 

Lase, friend! 

We can make laser rods big because we 
make them out of glass.  A big piece of 
homogeneous glass is far more likely 
than a big homogeneous crystal. Homo
geneity and long experience in precision 
prism-polishing help keep beam diver
gence small. The problem with glass has 
been threshold. Fortunately, with non
silicate glass it's no problem. Low, low, 
low. Inquiries about KODAK Neodym
ium Glass Laser Rods welcomed by 
Eastman Kodak Company, Apparatus 
and Optical Division, Rochester 4, N. Y. 
(Phone 7 1 6-562-6000, Ext. 5 1 66). 

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 d o  with science 
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A 
new note of hope was injected 
into the nuclear testing negotia
tions in January by Soviet ac

ceptance of the principle of on-site in
spection. But the concession failed to 
bring quick agreement, and no early 
break in the long impasse seemed likely. 
At the same time both the U.S. and the 
U.S.S.R. were troubled by nuclear-weap
ons controversies within their respective 
alliances; the nuclear ambitions of 
France and Communist China were like
ly to complicate any progress at Geneva 
toward a ban on nuclear testing. 

Ever since the beginning of the ne
gotiations in 1958 the U.S. and Great 
Britain have insisted on inspection of 
SUSpICIOUS seismic events to guard 
against the possibility of secret under
ground testing. At first the U.S.S.H. 
agreed, but since November, 1961, So
viet representatives have refused to dis
cuss the issue, arguing that inspection 
was merely an excuse for espionage. 
Last December, during a recess in the 
Geneva disarmament talks, Premier 
Khrushchev conceded the point. In a 
letter to President Kennedy he said the 
U.S.S.H. would allow two or three in
spections a year. He also confirmed the 
Soviet offer, made at Geneva last fall, to 
permit the installation of three automatic 
seismic stations ("black boxes") in re
gions of the U.S.S.H. where earthquakes 
occur frequently. These would be in
spected periodically by an international 
commission for evidence of testing. 

President Kennedy welcomed Premier 
Khrushchev's proposals but said that 
three inspections would not be enough. 

SCIENCE AND 
He added, however, that although the 
U.S. had originally demanded between 
12 and 20 a year, it might now settle for 
eight to 10. There was a feeling of opti
mism as representatives of the U.S., 
Great Britain and the U.S.S.R. met in 
New York and Washington in January 
to pursue the matter. President Kennedy 
ordered a temporary suspension of un
derground testing and there were hints 
that a compromise should be possible 
between three and eight inspections. 

Early in February, however, the So
viet representatives broke off the meet
ings, because, Pravda reported, the U.S. 
and Great Britain had "no intention" of 
ending tests. The Russians apparently 
objected to U.S. insistence on discussing 
details of the inspection system before 
agreeing to a specific number of inspec
tions. The U.S. resumed underground 
testing and the issue was returned to 
the 18-nation disarmament conference 
at Geneva, where the U.S.S.R. expected 
that its concession on inspection would 
attract neutral support and bring pres
sure on the Anglo-U.S. delegates. 

Nuclear power-politics was being 
played within each of the two great 
blocs as well as between them. The U.S., 
having got Great Britain to accept the 
submarine-based Polaris missile system 
instead of the Skybolt air-to-ground 
missile, hopes to make the Polaris the 
basis of an eventual NATO nuclear force 
that will forestall the development of 
more national nuclear forces. Turkey 
and Italy appeared to be willing to ac
cept Polaris submarines in the Mediter
ranean Sea as a substitute for U.S. inter
mediate-range missiles now based on 
their territory. But France turned down 
Polaris and announced it would have its 
own nuclear striking force by the end 
of the year. On the Communist side, 
Moscow was reported to have withdrawn 
from China the Soviet technicians who 
had been helping to develop nuclear 
weapons. China was nonetheless expect
ed to have its first atomic devices ready 
for testing within the year. 

Oldest Solids 

A small ctlIIection of pea-sized stony 
bodies called chondrules, sep.arated 

from a meteorite that fell in Canada in 
1960, may be a sample of the oldest 
solid matter in the solar system. Tests 
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THE CITIZEN 
performed by Craig M. Merrihue, a 
graduate student at the University of 
California at Berkeley, suggest that the 
chondrules materialized before the earth 
and the other planets and only some 35 
million years after the formation of the 
elements that make up the solar system. 

According to the current theory of the 
origin of the solar system, the sun and 
the solid bodies that orbit it formed 
from a gaseous mixture of hydrogen and 
heavier elements. Radioactive-dating 
studies indicate that stony meteorites, 
the earth and presumably the other plan
ets all materialized at about the same 
time: some 4.6 billion years ago. Ob
viously the mixture of elements came 
into existence earlier. The theory holds 
that the heavier elements were made by 
the "cooking" of hydrogen in the interior 
of stars; the primordial cloud that gave 
rise to the solar system consisted of 
hydrogen and heavier elements spewed 
out by exploding stars. In 1960 John H. 
Reynolds of the University of California 
at Berkeley found a way to go back be
yond the formation of the solar system 
to date the birth of its elements. 

Reynolds' "clock" was iodine 129, a 
radioactive isotope formed with the oth
er elements but no longer present in 
nature because of its short half life of 17 
million years. Iodine 129 decays into xe
non 129, an isotope of the noble gas. Un
til the meteorites formed, the xenon 129 
produced by the decay of iodine 129 was 
dissipated in space, but any iodine 129 
that was still around when the meteorites 
materialized would have been trapped 
in their minerals. The iodine 129 would 
reveal itself as an excess of xenon 129 
over the normal ratio of this isotope to the 
other xenon isotopes. Reynolds measured 
the content in meteorites of xenon 129 
and thereby learned how much iodine 
129 had been incorporated in the mete
orites. He measured the content of stable 
iodine 127 and learned how much iodine 
129 must have been formed in the stars. 
Calculations based on these quantities 
and on iodine 129's half life told him 
how much the iodine clock had "run 
down" between element formation and 
meteorite formation. Reynolds concluded 
that this "formation interval" was about 
100 million years. The elements, in other 
words, must have been formed about 4.7 
billion years ago. 

:VIerrihue, a student of Reynolds', un-

Artist's concept of Douglas Aircraft Environmental Test Center. Sketch shows test model 

of vehicle attached to lid and being lowered into 39' Stokes chamber. To the left are two 

Stokes "5 x 5s." One is shown with the solar simulator now being designed for it. 

Douglas Aircraft Company's new 
privately-financed Space System 
Center at Huntington Beach, Cali
fornia, will be the largest and most 
technically advanced facility of its 
kind on the West Coast, and an 
integral part of the company's 
Missile and Space System Division. 

Key elements of this test complex 
dedicated to manned space flight 
are three Stokes space environ
mental chambers. The largest, 39 
ft. in diameter, will be used in 
checking out fully assembled 
spacecraft, such as stages in the 
Saturn program, and lunar and 
planetary probe vehicles. These 
chambers, capable of simulating 
the most sophisticated combina
tions of spacial conditions on com
pletion, will be designed for future 
updating to even higher test pa
rameters. Stokes units similar to 
those scheduled for this facility 
are currently attaining vacuums 

in the 10.10 Torr. range (altitudes 
of approximately 400 miles). High
speed cryopumping at 200K will 
be used on all three chambers to 
obtain true orbital vacuums even 
under high gas load conditions. 

Stokes was chosen as prime con
tractor for this assignment on the 
basis of its successful design, fabri
cation and installation of most of 
the large, ultra-high vacuum simu
lation chambers in use today. 

If vacuum plays a part in your 
business, whether in increasingly 
demanding space environmental 
facilities, or in food and metal 
processing, vacuum drying, im
pregnating, or metallizing, it would 
pay you to take advantage of the 
full scope of vacuum capability 
represented by the F. J. Stokes 
Corporation. Outline your require
ments to: Vacuum Equipment Divi
sion, F. J. Stokes Corporation, 5500 
Tabor Road, Philadelphia 20, Pa. 

STOKES 
F. J. STOKES CORPORATION: PHILADELPHIA / LONDON / TORONTO 

Leader in Vacuum Technology ... Compacting ... Plastics Molding 

73 

© 1963 SCIENTIFIC AMERICAN, INC



SHAPED 
HOLES 
vs. ______ _ 

ROUND 
HOLES 
OR: WHEN A HOLE IS PROPER 
MATTE R FOR A SCIE NTI ST 
Few would consider the hole an appro

priate subject for the attention of a 

scientist. Unless the hole in question 

must have a particular shape-not just 

round, but a completely unconventional 

shape-with specifications like this: 

Shap e: alm ost any (inc luding round) 

Material: any metal 
or alloy 

Capillary length (a): 
.001 to .060 in. 

Limb width (b): 
.0025 to .010 in. 

I : I J J • • • 

Limb length (c): 
.004 to .040 in. 

: I }-------. 
---: �b 

l ... �' 
Density: 
up to 300 holes on a 6 in. diameter disc 

BISHOP scientists have recently developed 

new techniques and equipment to pro

duce almost any shaped hole to ex

tremely close tolerances and specifica

tions. 

The first application of this new tech

nology was in shaped hole spinnerettes 

for the synthetic fibre industry, which 

improved the appearance, prismatic 

glitter, crease resistance and even the 

life of synthetic fibers so extruded. Could 

your application be: combustion jets? 

Extrusion plates? Plasma engine nozzle? 

If holes-round or shaped-are of any 

concern to you, why not investigate 

BISHOP'S unique ability in this area? 

BISHOP 

�"-;��:u:-;r�o-
MALVERN, PENNSYLVANIA 
A .JOHNSON MATTHEY ASSOCIATE 
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dertook to examine this 100-million-year 
interval. In a study described in the 
Journal of Geophysical Research he in
vestigated the occurrence of xenon 129 
in the Canadian meteorite, called Bruder
heim. He determined a formation in
terval, based on the meteorite as a whole, 
of about 35 million years-substantially 
less than in the case of other meteorites. 
Then he discovered that the chondrules 
contained considerably more xenon 129 
than the rest of the meteorite. This 
implies that they were formed at a time 
when there was considerably more iodine 
129 available than when the other mete
oritic minerals materialized. It conAicts 
with the prevalent view that chondrules 
are the result of volcanic activity within 
the meteorites' parent bodies. Merrihue 
is now trying to determine specific for
mation intervals for the chondrules and 
for other minerals in Bruderheim in an 
effort to understand the sequence of 
events during its formation. His prelim
inary findings suggest that chondrules, 
which are found in most stony meteor
ites, may have been the first solid objects 
to materialize in the primordial cloud 
from which the solar system evolved. 

Upper-Air Pollution 

�rge quantities of exhaust gases 
spewed into the upper atmosphere 

by the giant space rockets of the futurc 
may have a deleterious effect on long
range radio communications and even 
on global weather patterns. This note of 
warning was sounded recently in a re
port prepared for the Department of De
fense by the Geophysics Corporation of 
America. The Bedford, Mass., research 
firm has spent most of the past year 
studying the changes that might occur in 
the upper atmosphere as a result of the 
large-scale deposition of rocket-exhaust 
substances. 

The study was prompted by the immi
nent appearance on the scene of the 
new superbooster rockets currently be
ing developed for manned exploration of 
the solar system. The 12-million-pound
thrust Nova rocket, which will take off 
carrying more than 2,000 tons of fuel, 
will release upward of several hundred 
tons of exhaust substances in the up
per atmosphere. According to the latest 
estimate of the "holdup time" of radio
active fallout in thc upper atmosphere, 
the exhaust substances of a Nova rocket 
can be expected to remain aloft for a 
considerable period. 

The problem is magnified by the fact 
that the commonest exhaust products of 
liquid-fuel rockets-hydrogen, water and 
carbon monoxide-are extremely rare in 

the upper atmosphere. The addition of a 
mere 25,000 tons of hydrogen could 
filter out much of the sun's ultraviolet 
radiation, thereby decreasing the elec
tron densitv of the lower ionosphere 
enough to i�terfere with the radio signals 
regularly bounced off this layer. 

Other effects specified in the report 
include changes in the composition, 
structure and temperature of the upper 
atmosphere-all of which could materi
ally alter the earth's climate. In addition, 
chemical contaminants could cause the 
night skies to glow with the brightness 
of a faint aurora. 

The increased use of solid-fuel 
rockets and the development of new 
exotic fuel combinations may pose even 
more troublesome contamination prob
lems in the more distant future. Small 
amounts of aluminum, zirconium and 
other metals used as additives in solid
fuel rockets may, in the words of the 
report, "be able to cause strong perturba
tions" in the upper atmosphere. 

Polarized Protons 

:\ high percentage of polarization
.L - alignment of proton spin axes-has 
Leen achieved for the first time in a 
target suitable for use with a high-energy 
particle accelerator. Together with a po
larized beam of particles from the ac
celerator, this makes possible a number 
of important experiments that could not 
be done before. The new trick was 
turned by Owen Chamberlain and a 
group of colleagues at the Lawrence 
Radiation Laboratory of the University 
of California at Berkeley, who reported 
their work at the January meeting of the 
American Physical Society in' New 
York City. 

Previous attempts to line up protons 
in targets had failed because the proton 
is weakly magnetized and easily thrown 
out of line by thermal vibrations. Brute
force methods-cooling the material to 
within 1 degree of absolute zero and 
placing it in magnetic fields as strong 
as 20,000 oersteds-produced only about 
one-tenth of 1 per cent polarization. 
Chamberlain's group adopted a method 
invented by Carson D. Jeffries of the 
University of California at Berkeley and 
applied by him to very small samples. 
Jeffries used rare-earth ions that are 
700 times more strongly magnetic than 
protons. They become highly polarized 
in available magnetic fields at 1 degree 
above absolute zero. By making rare
earth crystals that incorporated a good 
deal of water he placed the protons and 
ions in close proximity. Then he fed 
in radio microwaves that transferred 
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MATERIAL 
WITNESSES 
FOR THE 
PROSECUTION 

A piece of cloth becomes an 
informer, a blot of ink a for
midable witness for the state. 
Paper, paint, plastics, mate
rials of all kinds become hard
to-discredit evidence when 
analyzed by spectrometry. 
Through infrared analysis, 
for example, the geographic 
origin of narcotics can be pin
pointed by analyzing trace 
impurities in the parts per 
million range. Perkin-Elmer 
has developed highly precise 
electronic-optical systems 
that measure and record ra
diations as they interact with 

different levels of electron 
energy. The data recorded 
leads to extremely accurate 
qualitative, elemental, func
tional and structural analyses. 
Infrared and ultraviolet spec
trophotometers are examples 
of Perkin-Elmer's dedication 
to the development of tech
niques and instruments for 
precise measurement for in
dustry, science and defense. 
The Perkin-Elmer Corpora
tion, Norwalk, Connecticut. 

PERKIN-ELMER 
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WHAT'S NEW IN 
THERMO

ELECTRONICS? 
Carter-Princeton combines thermo
electric and electronic techniques 
to create control devices capable 
of extraordinary precision. Here 
are two such thermoelectronic 
products - both completely new
that are now in production and 
ready to meet a wide range of reo 
quirements. 

THE ULTRA-COMPARATOR'" 
UNIVERSAL ELECTRONIC RE
LAY accurately evaluates low-level 
electronic signals without pream
plification. It provides output relay 
transfer with less than 5 millivolts 
differential input from a 5000 ohm 
source. Applications include over
voltage sensing, bridge balance 
relay, photo electric relay, tempera
ture control detector, conductivity 
detector, equipment failure detec
tor and No-Go production test 
indicator. 

THERMOELECTRIC FLUID HEAT 
EXCHANGER. In certain biological, 
chemical and physical procedures 
cooling or heating by fluid baths 
is required. The Carter-Princeton 
Thermoelectric Heat Exchanger, a 
reliable solid state unit, with no 
moving parts, can provide this 
function within a wide range of 
conditions. For instance, the stand
ard Model 1201 is capable of main
taining O'C output where inputs 
are 3.0 to 3.5'C higher, accommo
dating a flow rate of 1.7 gallons per 
minute. It can be customized for 
higher or lower heat loads, output 
temperatures above ambient, tem
perature readouts at critical points, 
and gaseous as well as liquid fluids. 

Carter-Princeton, pioneer company 
in thermoeJectronics, can help you 
solve yaur problems where precise 
temperature and electronic control 
is important. For consultation with
out obligation, write to Carter
Princeton, Electronics Division, 
Carter Products, Inc., 178A Alex
ander Street, Princeton, N. J., or call 
60g-Walnut 1-2880. 

cP 
CARTER-PRINCETON 

the ions' polarization to the protons. 
The Berkeley physicists have found a 

way to scale up Jeffries' 200-milligram 
experiment to samples weighing an 
ounce and large enough to scatter a sig
nificant fraction of an accelerator beam. 
In doing so they had to increase the 
cooling and microwave power more 
than 100-fold. Polarization of 20 per 
cent has already been accomplished, and 
refinements in the technique are ex
pected to push the figure even higher. 
(Twenty per cent polarization means 
that 60 per cent of the protons are point
ing in one direction and 40 per cent in 
the opposite direction.) 

In some of the first experiments on 
polarized targets the Lawrence Lab
oratory group will subject them to 
beams of particles polarized parallel and 
antiparallel to the target material and 
measure the scattering of the particles. 
Beams of pi mesons and protons will be 
used. Such experiments will bring out 
the effects of spin on the attractive force 
between mesons and protons and be
tween protons and protons. Later the 
polarized targets will help in measuring 
intrinsic properties, such as angular 
momentum and parity, of short-lived 
nuclear particles. 

Source of the Third RNA 

'r he site of manufacture of all three 
- forms of RNA (ribonucleic acid) es

sential to the synthesis of proteins has 
now been established. As Marshall W. 
Nirenberg explains in his article begin
ning on page 80, the three forms are 
messenger RNA, ribosomal RNA and 
transfer RNA. The first provides a direct 
transcription of the genetic code in the 
hereditary material DNA (deoxyribonu
cleic acid), so that its site of synthesis 
has been known since its discovery in 
1960. The second form is a componcnt 
of ribosomes, the particles that provide 
a support for messenger RNA during 
protein synthesis. It was shown last year 
that DNA is also the primary site for 
the manufacture of this form of RNA. 
Now Howard M. Goodman and Alex
ander Rich of the Massachusetts Insti
tute of Technology have established 
that the third form, transfer RNA, simi
larly arises from DNA. There are at least 
20 different kinds of transfer RNA mole
cule, each capable of "recognizing" and 
conveying to the ribosome one of the 20 
kinds of amino acid from which proteins 
are synthesized. 

It can be shown that RNA molecules 
will hybridize, or bond together, with 
DNA molecules if the bases, or coding 

units, in the two molecular species have 
a complementary sequence. Working 
with transfer RNA and DNA obtained 
from several kinds of bacteria, the M.I.T. 
investigators showed that about .025 per 
cent of the DNA will hybridize with 
transfer RNA molecules. This implies 
that a sequence of coding units repre
senting a single gene in the DNA mole
cule will provide sites for the synthesis 
of about 40 transfer RNA molecules, 
each different. This is twice the mini
mum number refluired for recognizing 
the 20 amino acids. Presumably each of 
the 40 transfer RNA's responds to a dif
ferent code word in the messenger RNA 
that directs the placement of amino acids 
in a protein chain. Such an assumption 
is consistent with the finding, reported in 
the article by Nirenberg, that many of 
the amino acids are represented by more 
than one code word. A simple analogy 
would be to imagine a restaurant that 
served 20 different dishes, each listed 
on the menu in several languages. If a 
dish were ordered in French, it would be 
served by a French waiter; if ordered in 
Italian, by an Italian waiter, and so on. 
Why the cell needs a variety of "waiters" 
to serve amino acids to the ribosome is 
still to be discovered. 

The Start of the Pleistocene 

C ores from the bottom of the Atlantic 
and Indian oceans have provided 

the first tangible evidence of the end of 
the Pliocene epoch and the beginning of 
the Pleistocene. The boundary is marked 
by an abrupt change in fossil fauna from 
warm-water to cold-water species and 
apparently records the onset of the first 
ice agc of the Pleistocene, according to 
a report in Science by David B. Ericson, 
Maurice Ewing and Goesta Wollin of 
Columbia University's Lamont Geologi
cal Observatory. They point out that 
geologists and anthropologists have long 
sought a way to measure the duration of 
the Pleistocene, the epoch during which 
man evolved from some lower primate, 
but continental deposits have provided 
only a discontinuous and garbled record. 
In attacking the problem by taking cores 
of oceanic sediments, geologists have 
been hampered by the fact that cores 
providing a continuous record have not 
reached as deep as the beginning of the 
Pleistocene; other cores, while penetrat
ing much deeper, have done so only be
cause upper layers, including the Pleisto
cene, have slumped away in submarine 
landslides. The problem has been to find 
cores taken in areas where only the 
uppermost layers of sediment have 
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Who told the p ilot h is I FF transponder, U H Ftransceiver, 
ILS display and TACAN systems areoperationtil? 

She did. 

She wouldn't know a transistor from a can-opener. But 
pilots find her voice irresistible-and pay attention. 
Just before takeoff the pilot punched a button on his UHF 
radio. A mile from the flight line a two-channel tape pro
grammer went instantly into operation. One channel began 
an automatic electronic checkout of his communication, 
identification and navigation (CIN) subsystems. Simulta
neously the other channel began to broadcast monitoring 
instructions to him in a small, calm, very feminine voice. 

Complete checkout was accomplished in just two minutes. 
We call this tester RADFAC, for RADiating test FACility. It is 
automatic, self-checking, self-contained, self-powered, air
transportable and absolutely foolproof. 
Although Republic originally built RADFAC for F-105 
fighter-bomber testing, units are now operating with a vari
ety of USAF aircraft in Europe and the Pacific. 
Nothing can guarantee the success of an air mission. But 
RADFAC guarantees that no CIN failure will cause it to abort 

REPUBLIC 
AVIATION CORPORATION 
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slumped away and the cores can bring 
up a clear record including the begin
ning of the Pleistocene. 

Among the 3,000 cores collected by 
Lamont the authors finally found eight 
containing a nearly identical series of 
changes in layers dating from about the 
same age. The changes included the dis
appearance of all discoasters, tiny star
shaped shells probably secreted by an 
extinct order of algae. Among the Foram
inifera, marine protozoa whose shells 
constitute much of the sediments in wide 
areas of the ocean bottom, one con
spicuous species disappeared completely 
and a species prominent throughout the 
Pleistocene appeared for the first time. 
Below the boundary 95 per cent of the 
spiral shells of one foraminifer, Globoro
talia menardii, coil to the right; above the 
boundary 95 per cent coil to the left. 

These sudden breaks in the evolution
ary record are confined to sediment lay
ers representing the passage of no more 
than 6,000 years and therefore reflect an 
abrupt and massive change in the marine 
environment. The Lamont workers be
lieve that this was the same climatic 
change that brought the first continental 
ice sheets of the Pleistocene. The begin
ning of the Pleistocene has previously 
been estimated at anywhere from mil
lions of years ago to as recently as 
300,000 years. Judging by known rates 
of accumulation of Pleistocene sediments 
based on radiocarbon dating, the Lamont 
investigators now place the date of their 
boundary-and the age of the Pleistocene 
-at not less than SOO,OOO years ago. Be
cause of the world-wide distribution of 
the fossils that mark the boundary, they 
expect that further research on new cores 
will eventuallv pin down the elate more 
closely. 

SllperSllpernova 

L\ccording to a new hypothesis, the vast 
1. - amount of energy radiated into 
space by "radio galaxies" may originate 
in gravitational energy released by the 
collapse and explosion of stars having 
one million to 10 million times the mass 
of the sun. The idea, conceived by Wil
liam A. Fowler and Fred Hoyle 

'
at the 

California Institute of Technology, was 
presented at the January meeting of the 
American Physical Society. 

As "seen" by radio telescopes, many 
radio galaxies form a pair of intensely 
"bright" radio images, between which is 
sandwiched an optically visible galaxy 
consisting of billions of stars. The visible 
galaxv is often separated from the radio
emitting regions by 100,000 light-years 
or more. Hovle estimated that to supply 

the radio energy emitted by a pair of 
such regions would require the entire 
thermonuclear output of all the stars in 
the central galaxy. Obviously the radio 
regions must be fed energy from another 
source. 

Fowler and Hoyle propose that the 
gravitational energy of a star far larger 
than any yet observed could yield the 
energy required. Such a superstar might 
form in the sphcrical nucleus of a galaxy, 
where vast clouds of gas are available. 
The star would be so massive that it 
would collapse with a titanic explosion, 
comparable to that of a supernova but 
many times greater. The "supersuper
nova" would eject astronomical numbers 
of electrons beyond the edge of the gal
axy and into extragalactic space. There 
they would finally be checked by the 
magnetic field of the galaxy. Thus 
trapped they would travel with nearly 
the speed of light, emitting the enormous 
volume of radio energy observed as a 
radio galaxy. 

X Rays and the Time of Day 

1\:1 animal's susceptibility to X rays 
1 varies dramatically with the time 
of day of its exposure, according to a re
port by three radiologists at the Bowman 
Gray School of Medicine in Winston
Salem, N.C. They found that rats were 
very differently affected by the same 
large dose depending on whether the 
dose was administered in the morning 
or at night. 

The discovery came during a study of 
protection against whole-body radiation. 
The experiment required that test rats 
be irradiated both in the morning and at 
night; as a control, a fresh group of rats 
was also exposed at each X-ray session. 
The radiologists were surprised to note 
that the control animals exposed at night 
died but those exposed in the morning 
survived. To investigate this phenome
non further, they selected a group of 
female rats of about the same size, fed 
them similarly and kept them in a room 
that was artificially illuminated from 
7:00 a.m. until 4:00 p.m. and dark the 
rest of the day. On each of four occasions 
five of the rats were given a 900-roentgen 
dose of X radiation at 9:00 a.m. Another 
five were irradiated with the same dose 
at 9 :00 p.m. All 20 of the "morning" rats 
were alive and healthy after 130 days; 
none of the 20 "evening" rats lived more 
than 13 days. Donald J. Pizzarello, 
Richard L. Witcofski and E. Ann Lyons 
reported in Science that they are con
ducting further experiments in the hope 
of establishing the mechanism of the 
effect. 
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QUALITY. As manufacturing member of the Bell System, Western Electric 

must produce communications products which meet the highest quality stand

ards. An example is manganese-zinc ferrites (ceramic-like iron compounds) 

for coils,�' inductors, and transformers for Bell System and U. S. Government 

use. Since each ferrite application requires unique chemical composition and 

magnetic properties, W. E. engineers must analyze and test the ferrite powder 

to an extremely high degree of precision. X-ray spectrographic analysis is one 

of the many procedures used. With it, the ferrite material is subjected to 

X-rays, and the refracted secondary X-rays produce "X-ray fingerprints" or 

graphs, like the one below. Thus, exact composition can be quickly deter

mined and the mix altered for optimum gain capability and permeability. Just 

one of the many quality tests employed in the manufacture of ferrites virtually 

unmatched in industry for reliability of performance. WESTERN ELECTRIC 
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THE GENETIC CODE: n 

A sequel to F. H. C. Crick's article of last October, \vhich discussed 

ho\v the hereditary materjal embodies the code for the manufacture 

of proteins. The nature of the code has now been further elucidated 

JLlst 10 years ago James D. Watson 
and Francis H. C. Crick proposed 
the now familiar model for the 

structure of DNA (deoxyribonucleic 
acid) , for which they, together with 
Maurice H. F. Wilkins, received a Nobel 
prize last year. DNA is the giant helical 
molecule that embodies the genetic code 
of all living organisms. In the October 
1962 issue of Scientific American Crick 
described the general nature of this code. 

by Marshall 'IX'. l\'irenberg 

By ingenious experiments with bacterial 
viruses he and his colleagues established 
that the "letters" in the code are read 
off in simple seyuence and that "words" 
in the code most prohably consist of 
groups of three letters. The code letters 
in the DNA molecule are the four bases, 
or chemical subunits, adenine, guanine, 
cytosine and thymine, respectively de
noted A, G, C and T. 

This article describes how various 

EXPERIMENT BEGINS when cells of the colon bacillus are ground in a mortar with finely 

divided aluminum oxide. "Sap" released from ruptllred cells still synthesizes protein. 
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combinations of these bases, or code let
ters, provide the specific biochemical 
information used by the cell in the con
struction of proteins: giant molecules as
sem bled from 20 common kinds of amino 
acids. Each amino acid subunit is di
rected to its proper site in the protein 
chain by a sequence of code letters in the 
DNA molecule (or molecules) that each 
organism inherits from its ancestors. It 
is this DNA that is shaped by evolution. 
Organisms compete with each other for 
survival; occasional random changes in 
their information content, carried by 
DNA, are sometimes advantageous in 
this competition. In this way organisms 
slowly become enriched with instruc
tions facilitating their survival. 

The exact number of proteins required 
for the functioning of a typical living cell 
is not known, but it runs to many hun
dreds. The great majority, if not all, of 
the proteins act as enzymes, or biolog
ical catalysts, which direct the hundreds 
of different chemical reactions that go on 
simultaneously within each cell. A typi
cal protein is a molecular chain contain
ing about 200 amino acid subunits linked 
together in a specific sequence. Each 
protein usually contains all or most of 
the 20 different kinds of amino acids. 
The code for each protein is carried 
by a single gene, which in turn is a par
ticular region on the linear DNA mole
cule. To describe a protein containing 
200 amino acid subunits a gene must 
contain at least 200 code words, repre
sented by a sequence of perhaps 600 
bases. No one yet knows the complete 
base sequence for a single gene. Viruses, 
the smallest structures containing the 
blueprints for their own replication, may 
contain from a few to several hundred 
genes. Bacteria may contain 1,000 genes; 
a human cell may contain a million. The 
human genes are not strung together in 
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STEPS IN CODE BREAKING are shown in this sequence of photo

graphs taken in the author's laboratory at the National Institutes of 

Health in Bethesda, Md_ The open test tubes at upper left contain 

samples of the cell-free bacterial system capable of synthesizing 

protein when properly stimulated_ The photograph shows stimulants 

being added_ They include synthetic "messenger RNA" (ribonucleic 

acid) and amino acids, one of which is radioactive_ The protein is 

let 
TiA 

produced when the samples are incubated 10 to 90 minutes_ At up

per right the protein is precipitated by the addition of trichloro

acetic acid (TCA) _ At lower left the precipitate is transferred to 

filter-paper disks, which will be placed in carriers called plan

chettes_ At lower right the planchettes are stacked in a radiation 

counting unit. Radiation measurement indicates how well a given 

sample of messenger RNA has directed amino acids into protein_ 
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DEOXYRIBOSE RIBOSE PHOSPHORIC ACID 
COMPONENTS OF DNA (deoxyribonucleic acid) are four bases adenine, guanine, thy. 

mine and ('ytosine (symbolized A, G, T, C) , which act as code letters. Other components, 

deoxyrihose and phosphoric acid, form chains to which bases attach (see below). In 

closely related RNA, uracil (U) replaces thymine and ribose replaces deoxyribose. 

DNA STRUCTURE 

DNA MOLECULE resembles a chain ladder (actually twisted into a helix) in which pairs 

of bases join two linear chains constructed from deoxyribose and phosphate subunits. The 

bases invariably pair so that A links to T and G to C. The genetic code is the sequence of 

bases as read down one side of the ladder. The deoxyribose·phosphate linkages in the two 

linear chains run in opposite directions. DNA molecules contain thousands of base pairs. 
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one long chain but must be divided 
among at least 46 DNA molecules. The 
minimum number is set by the number 
of human chromosomes (46) , which col
lectively carry the hereditary material. 
In fact, each chromosome apparently 
carries not one or two but several copies 
of the same genetic message. If it were 
possible to assemble the DNA in a single 
human cell into one continuous thread, 
it would be about a yard long. This 
three-foot set of instructions for each in
dividual is produced by the fusion of egg 
and sperm at conception and must be 
precisely replicated billions of times as 
the embryo develops. 

The bottom illustration at left shows 
how the bases in DNA form the cross 
links connecting two helical strands com
posed of alternating units of deoxyribose 
(a simple sugar) and phosphate. The 
bases are attached to the sugar units and 
always occur in complementary pairs: 
A joined to T, and G joined to C. As a 
result one strand of the DNA molecule, 
with its associated bases, can serve as 
the template for creating a second strand 
that has a complementary set of bases. 
The faithful replication of genes during 
cell division evidently depends on such 
a copying mechanism. 

The coding problem centers around 
the (luestion: How can a four-letter al
phabet (the bases A, G, C and T) spec
ify a 20-word dictionary corresponding 
to the 20 amino acids? In 1954 the theo
retical phvsicist George Gamow, now at 
the University of Colorado, pointed out 
that the code words in such a dictionarv 
would have to contain at least three 
bases. It is obvious that only four code 
words can be formed if the words are 
only one letter in length. "Vith two letters 
4 X 4, or 16, code words can be formed. 
And with three letters 4 X 4 X 4, or 64, 
code words become available-more than 
enough to handle the 20-word amino 
acid dictionary [see top illllstration on 
page 90]. Subsequently many sugges
tions were made as to the nature of the 
genetic code, but extensive experimental 
knowledge of the code has heen obtained 
only within the past 18 months. 

The Genetic Messenger 

It was recognized soon after the for
mulation of the Watson-Crick model of 
DNA that DNA itself might not be di
rectly involved in the synthesis of pro
tein, and that a template of RNA (ribo
nucleic acid) might be an intermediate 
in the process. Protein synthesis is con
ducted by cellular particles called ribo
somes, which are about half protein and 
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half RNA (ribosomal HNA). Several 
years ago Jacques Monod and Franc;:ois 
Jacob of the Pasteur Institute in Paris 
coined the term "messenger RNA" to de
scribe the template RNA that carried 
genetic messages from DNA to the ribo
somes. 

A few vears ago evidence for the en
zymatic synthesis of HNA complemen
tary to DNA was found by Jerard Hur
witz of the New York University School 
of Medicine, by Samuel Weiss of the 
University of Chicago, by Audrev 
Stevens of St. Louis University and their 
respective collaborators [see "Messenger 
RNA," by Jerard Hurwitz and J. J. Furth; 
SCIENTIFIC AMERICAN, February, 1962]. 
These groups, and others, showed that 
an enzyme, RNA polymerase, catalvzes 
the synthesis of strands of RNA on the 
pattern of strands of DNA. 

HNA is similar to DNA except that 
HNA contains the sugar ribose instead 
of deoxyribose and the base uracil in
stead of thymine. When RNA is being 
formed on a DNA template, uracil ap
pears in the RNA chain wherever adenine 
appears at the complementary site on the 
DNA chain. One fraction of the HNA 
formed by this process is messenger 
RNA; it directs the synthesis of protein. 
Messenger RNA leaves the nucleus of 
the cell and attaches to the ribosomes. 
The sequence of bases in the messenger 

HNA specifies the amino acid sequence 
in the protein to be synthesized. 

The amino acids are transported to 
the proper sites on the messenger HNA 
by still another form of RNA called 
transfer RNA. Each cell contains a spe
cific activating enzyme that attaches a 
specific amino acid to its particular trans
fcr HNA. �1oreover, cells evidently con
tain more than one kind of transfer HNA 
capable of recognizing a given amino 
acid. The significance of this fact will 
become apparent later. Although direct 
recognition of messenger RNA code 
words by transfer RNA molecules has 
not been demonstrated, it is clear that 
these molecules perform at least part of 
thc job of placing amino acids in the 
proper position in the protein chain. 
Whcn the amino acids arrive at the 
proper site in the chain, they are linked 
to each other bv enzymic processes that 
are only partly understood. The linking 
is accomplished by the formation of a 
peptide bond: a chemical bond created 
when a molecule of water is removed 
from two adjacent molecules of amino 
acid. The process requires a transfer en
zyme, at least one other enzyme and a 
cofactor: guanosine triphosphate. It ap
pears that amino acid subunits are 
bonded into the growing protein chain 
one at a time, starting at the end of the 
chain carrying an amino group (NH2) 

and proceeding toward the end that 
terminates with a carboxyl group 
(COOH). 

The process of protein synthesis can 
be studied conveniently in cell-free ex
tracts of the colon bacillus (Escherichia 
coli). The bacteria grow rapidly in 
suitable nutrients and are harvested by 
sedimenting them out of suspension with 
a centrifuge. The cells are gently broken 
open by grinding them with finely pow
dered alumina [see illustration on page 
80]; this releases the cell sap, containing 
DNA, messenger RNA, ribosomes, en
zvmes and other components. Such ex
tracts are called cell-free systems, and 
when they are fortified with energy-rich 
substances (chiefly adenosine triphos
phate), they readily incorporate amino 
acids into protein. The incorporation 
process can be followed by using amino 
acids containing carbon 14, a radioactive 
isotope of carbon. 

Optimal conditions for protcin syn
thesis in bacterial cell-free systems were 
determined by workers in many labora
tories, notably Alfred Tissieres of Har
vard University, Marvin Lamborg and 
Paul C. Zamecnik of the Massachusetts 
General Hospital, G. David Novelli of 
the Oak Ridge National Laboratory and 
Sol Spiegelman of the University of Illi
nois. When we began our work at the 
National Institutes of Health, our 

I I � I I C1 
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MESSENGER RNA is the molecular agent that transcribes the 

genetic code from DNA and carries it to the sites in the cell (the 

ribosomes) where protein synthesis takes place. The letters in mes-

senger RNA are complementary to those in one strand of the DNA 

molecule. In this example UUAGUCAA is complementary to 

AATCAGTT. The exact mechanism of transcription is not known. 
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progress was slow because we had to 
prepare fresh enzyme extracts for each 
experiment. Later my colleague J. Hein
rich Matthaei and I found a way to stabi
lize the extracts so that they could be 
storoo for many weeks without apprecia
ble loss of activity. 

D NA DOUBLE HELIX 

2 

Normally the proteins produced in 
such extracts are those specified by the 
cell's own DNA. If one could establish 
the base sequence in one of the cell's 
genes-or part of a gelle-and correlate 
it with the amino acid sequence in the 
protein coded by that gene, one would 
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be able to translate the genetic code. 
Although the amino acid sequence is 
known for a number of proteins, no one 
has yet determined the base se'luence of 
a gene, hence the correlation cannot. 
performed. 

The study of cell-free protein syn-
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SYNTHESIS OF PROTEIN begins with the genetic code embodied 

in DNA (1). The code is transcribed into messenger RNA (2). In 

the diagram it is assumed that the message has been derived from 

the DNA strand bearing dark letters. The messenger RNA finds 
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its way to a ribosome (3), the site of protein synthesis. Amino 

acids, indicated by numbered rectangles, are carried to proper 

sites on the messenger RNA by molecules of transfer RNA (see 

illustration on opposite page). Bases are actually equidistant, not 
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thesis provided an indirect approach to 
the coding problem. Tissieres, Novelli 
and Bernard Nisman, then at the Pasteur 
Institute, had reported that protein syn
thesis could be halted in cell-free ex
tracts by adding deoxyribonuclease, or 
DNAase, an enzyme that specifically de-

UUA 
, I ' 

CAC 
!I' ccc '" 

z 

grouped in triplets, and mechanism of recog· 

nition between transfer RNA and messenger 

RN A is hypothetical. Linkage of amino 

acid subunits creates a protein molecule. 

stroys DNA. Matthaei and I also ob
served this effect and studied its char
acteristics. It seemed probable that 
protein synthesis stopped after the mes
senger RNA had been depleted. When 
we added crude fractions of messenger 
RNA to such extracts, we found that the\' 
stimulated protein synthesis. The de
velopment of this cell-free assay for 
messenger RNA provided the rationale 
for all our subsequent work. 

We obtained RNA fractions from vari
ous natural sources, including viruses, 
and found that many of them were 
highly active in directing protein syn
thesis in the cell-free system of the colon 
bacillus. The ribosomes of the colon ba
cillus were found to accept RNA "blue
prints" obtained from foreign organisms, 
including viruses. It should be em
phasized that only minute amounts of 
protein were synthesized in these ex
periments. 

It occurred to us that synthetic RNA 
containing only one or two bases might 
direct the synthesis of simple proteins 
containing only a few amino acids. Syn
thetic RNA molecules can be prepared 
with the aid of an enzyme, polynucleo
tide phosphorylase, found in 1955 by 
Marianne Grunberg-Manago and Severo 
Ochoa of the New York University 
School of Medicine. Unlike RNA poly
merase, this enzyme does not follow the 
pattern of DNA. Instead it forms RNA 
polymers by linking bases together in 
random order. 

A synthetic RNA polymer containing 
only uracil (called polyuridylic acid, or 
poly-U) was prepared and added to the 
active cell-free system together with 
mixtures of the 20 amino acids. In each 
mixture one of the amino acids con
tained radioactive carbon 14; the oth
er 19 amino acids were nonradioactive. 
In this way one could determine the 
particular amino acid directed into pro
tein by poly-U. 

It proved to be the amino acid phenyl
alanine. This provided evidence that the 
RNA code word for phenylalanine was a 
sequence of U's contained in poly-U. The 
code word for another amino acid, pro
line, was found to be a sequence of C's 
in polycytidylic acid, or poly-C. Thus a 
cell-free system capable of synthesizing 
protein under the direction of chemically 
defined preparations of RNA provided a 
simple means for translating the genetic 
code. 

The Code-Word Dictionary 

Ochoa and his collaborators and our 
group at the National Institutes of 
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TRANSFER RNA is a special helical form 

of RNA that transports amino acids to their 

proper site in the protein chain. There is at 

least one transfer RNA for each of the 20 
common amino acids. All, however, seem 

to carry the bases ACC where the amino 

acids attach and G at the opposite end. The 

attachment requires a specific enzyme and 

energy supplied by adenosine triphosphate. 

Unpaired bases in transfer RNA (AAU in 

the example) may provide the means by 

which the transfer RNA "recognizes" the 

place to deposit its amino acid package. 
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RNA STRUCTURE can take various forms. 

Transfer RNA (top) seems to be a fairly 

,hort double helix (probably less perfect 

than sho\\ n) that is closed at one end. 

Some RNA moleeules contain a mixture 

01" coiled and uneoiled regions (bottom). 

Health, working independently, have 
now svnthesized and tested polymers 
containing all possible combinations of 
the four HNA bases A, C, C and U. In 
the initial experiments only HNA poly
mers containing U were assayed, but re
centlv man v non-U polymers with high 
template activity have been found by �1. 
Bretscher and Crunberg-Manago of the 
University of Cambridge, and also by 
Oliver �1. Tones and me. All the results 
so far are s�llnmarized in the table at the 

� 
mANSffR "NA� 

�i-i-
MESSENGER RNA 

, 

R IBOSOME 

bottom of pages 90 and 91. It lists the 
HNA polymers containing the mini
mum number of bases capable of stimu
lating protein formation. The inclusion 
of another base in a polymer usually 
enables it to code for additional amino 
acids. 

\�lith only two kinds of base it is pos
sible to make six varieties of HNA poly
mer: poly-AC, poly-AC, poly-AU, pol v
CC, poly-CU and poly-CU. If the ratio 
of the bases is adjusted with care, each 
variety can be shown to code with grcat 
specificity for different sets of amino 
acids. The relative amount of one amino 
acid directed into protein compared with 
another depends on thc ratio of bases in 
the HNA. Assuming a random sequcnce 
of bases in the HNA, the theoretical 
probabilities of finding particular se
quences of two, three or more bases can 
be calculated easily if the base ratio is 
known. For example, if poly-UC contains 
70 per cent U and 30 per cent C, the 
probability of the occurrence of the 
triplet selluence UUU is .7 X .7 X .7, 
or .34. That is, 34 per cent of the triplets 
in the polvmer are expected to be UUU. 
The probability of obtaining thc se
<luence UUC is .7 X .7 X .3, or .147. 
Thus 14.7 per cent of the triplets in such 
a polymer are probably UUC. This type 
of calculation, however, assumes ran
domness, and it is not certain that all the 
actual polymers are truly random. 

It had been predicted by Camow, 
Crick and others that for each amino acid 

there might be more than one code word, 
since there are 64 possible triplets and 
only 20 amino acids. A code with multi
ple words for each object coded is termed 
degenerate. Our experiments show that 
the genetic code is indeed degenerate. 
Leucine, for example, is coded by HNA 
polymers containing U alone, or U and 
A, or U and C, or U and C. 

It must be emphasized that dcgen
eracy of this sort docs not imply lack of 
specificity in the construction of proteins. 
It means, rather, that a spccific amino 
acid can be directed to the proper site 
in a protein chain by more than one code 
word. Presumably this flexibility of cod
ing is advantageous to the cell in ways 
not vet fully understood. 

A molecular explanation of degenera
cy has been provided recently in a strik
ing manner. It has been known that some 
organisms contain more than one species 
of transfer HNA capable of recognizing 
a given amino acid. The colon bacillus, 
for example, contains two readily distin
guishable species tha.t transfer leucine. 
Bernard vVeisblum and Seymour Benzer 
of Purdue University and Hobert W. 
Holley of Cornell University separated 
the two leucine-transfer species and 
tested them in cell-free systems. They 
found that one of the species recognizes 
poly-UC but not poly-UC. The other 
species recognizes poly-UC but not pol v
UC [see top illustration on page 89]. Al
though the number of transfer HNA 
species per cell is unknown, it is possible 

FIRST BREAK IN GENETIC CODE was the discovery that a syn

thetic messenger RNA containing only uradl (poly-U) directed the 

manufacture of a synthetic protein containing only one amino 

"eid, phenylalanine (Phe). The finding was made by the author 

and J. Heinrich Matthaei. The X's in transfer RNA signify that the 

bases that respond to code words in messenger RNA are not known. 
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To catch an atom ... 
Did you know that only one in every 140 uranium atoms found in nature can be split to produce usable 

nuclear energy? It takes fantastically intricate equipment to capture these elusive atoms. The people of 

Union Carbide are doing it in a plant at Oak Ridge, Tennessee, large enough to hold 35 football fields. 

� Many people thought the uranium separation process too complex to work. For example, pumps had 

to be developed that run faster than the speed of sound ... filters made with holes only two-millionths of 

an inch across. Union Carbide scientists and engineers not only helped design such a plant and made it 

work, 20 years ago, but they have been operating it ever since. Union Carbide also operates other vital 

nuclear energy installations for the U.s. Atomic Energy Commission. One is Oak Ridge National Labora

tory, the largest nuclear research center in the country. � To handle such big research and production jobs 

requires big, experienced industrial companies. It is only because of their extensive resources and skills 

that it is possible to take the giant steps needed to bring laboratory developments to fUll_scale. 
production quickly and successfully. I 

A HAND IN THINGS TO COME , . : I WRITE for the booklet, "Union Carbide's Twenty Years in Nuclear Energy." 

January 18, 1963, marked the 20th anniversary of the Corporation's work at Oak Ridge. 

Union Carbide Corporation, 270 Park Avenue, New York 17, N. Y. In Canada, Union Carbide Canada Limited, Toronto. 
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1963 SAAB" , built so well that it has a 24.000-mile/24-month written warranty* 
high capacity heater and 
defroster for full interior 
ventilation and year-round 
draft-free comfort 

every stroke a power stroke 
efficient 2-cycle engine m�ak�es�II@����������======7g�===d '----' 

revolutionary airstream 
deflector keeps rear window 
clear and clean 

sure-traction, frisky 
front wheel drive 

low steering factor (ZY. turns 
lock-ta-Iock) for maximum 
responsiveness 

4-speed transmission 
(standard equipment) 

independent 4-wheel coil 
spring suspension with 
strut-type shock absorbers 
provide comfort on any road 

plastic-covered steel floor 
for roomy cargo area 

detailed touches: 
factory undercoating 
four coats of factory-baked 
enamel paint 
complete noise insulation 
throughout 

Take a critical look at the new 
7- passenger SAAB station wagon 

Aircraft reliability and performance stand
ards are blended with an entirely new 
approach to over-all automotive design in the 
Swedish SAAB 95 station wagon. This car 
was built to be better, not different ... built 
by one of Europe's leading aircraft manufac-

turers ... built for those who enjoy mechani
cal excellence, technical uniqueness, and 
extraordinary craftsmanship. 

A critical look at all the facts and specifica
tions will prove that the new SAAB 95 is one 
of the world's best engineered wagons. 

*Engine, transmission and differential have a written warranty for 2 years or 24,000 miles. 

SAAB WAGON PERFORMANCE is the 
envy of many sedans. Reasons: Simple, 
effective engine-a quiet, three-cylin
der, two-stroke valveless unit-pro
duces all the power of a conventional 
"6." At high speeds, it operates with 
gas turbine-like efficiency, yet delivers 
from 30 to 35 miles per gallon. Front 
wheel drive; eliminates sway, mini
mizes skidding, and optimizes over-all 
stability. Front wheels pull the rest of 
the car firmly and effortlessly-around 
curves and corners, over mud, ice, 
and snow. 

SAAB COM FORT AND CONVENIENCE 
are extraordinary. You-and six pas
sengers or more than Y2-ton of freight 
-ride in total comfort. Sleek aerody
namic design plus full major body 
panel and firewall insulation virtually 
eliminate noise. Unique air stream de
flector-based on aerodynamic design 
-keeps rear window clear and clean. 
Efficient heating and ventilation sys
tem provides all-season comfort, keeps 
all windows fog-free. Bonus: You get 
$265 worth of accessories as standard 
equipment on a SAAB. 

SAAB IS SA FETY ENG I NEERED, 
Driver and passengers ride encased 
by a practically un crushable steel air
foil on wheels. The rigid unitized body 
shell utilizes 18- to 20-gauge steel 
(heavier than most American cars)

throughout. Additional steel panels 
brace the engine compartment. A built
in crash bar (usually on racing cars 
only) completely surrounds the wind
shield, providing tremendous extra 
strength where you need it most, mak
ing SAAB one of the safest station 
wagons you can drive. 

Arrange a test drive at your nearest SAAB dealer. 

Or write for more information-and the SAAB North 

American Road Atlas, a 64-page comprehensive travel 

guide valued at $1.00, but yours for only 25¢ to cover 

postage and handling. SAAB Motors, Inc., Dept. 103, 

405 Park Avenue, New York, New York. 

SAAB MOTORS, INC. -NEW YORK • NEW HAVEN • JACKSONVILLE • ST. LOUIS 

© 1963 SCIENTIFIC AMERICAN, INC



that each species corresponds to a differ
ent code word. 

There is, however, the possibility of 
real ambiguity in protein synthesis. This 
would occur if one code word were to di
rect two or more kinds of amino acid into 
protein. So far only one such ambiguity 
has been found. Poly-U directs small 
amounts of leucine as well as phenylala
nine into protein. The ratio of the two 
amino acids incorporated is about 20 or 
30 molecules of phenylalanine to one of 
leucine. In the absence of phenylalanine, 
poly-U codes for leucine about half as 
well as it does for phenylalanine. The 
molecular basis of this ambiguity is not 
known. Nor is it known if the dual coding 
occurs in living systems as well as in cell
free systems. 

Base sequences that do not encode for 
any amino acid are termed "nonsense 
words. " This term may be misleading, for 
such sequences, if they exist, might have 
meaning to the cell. For example, they 
might indicate the beginning or end of a 
portion of the genetic message. An indi
rect estimate of the frequency of non
sense words can be obtained by compar
ing the efficiency of random RNA prepa
rations with that of natural messenger 
RNA. We have found that many of the 
synthetic polymers containing four, three 
or two kinds of base are as efficient in 
stimulating  protein synthesis as natural 
polymers are. This high efficiency, to
gether with high coding specificity, sug
gests that relatively few base sequences 
are nonsense words. 

In his recent article in Scientific 
American Crick presented arguments 
for believing that the coding ratio is 
either three or a multiple of three. Re
cently we have determined the relative 
amounts of different amino acids di
rected into protein by synthetic RNA 
preparations of known base ratios, and 
the evidence suggests that some code 
words almost surely contain three bases. 
Yet, as the table at the bottom of the 
next two pages shows, 18 of the 20 amino 
acids can be coded by words containing 
only two different bases. The exceptions 
are aspartic acid and methionine, which 
seem to rel(uire some combination of U, 
C and A. (Some uncertainty still exists 
about the code words for these amino 
acids, because even poly-UCA directs 
very little aspartic acid or methionine 
into protein. ) If the entire code indeed 
consists of triplets, it is possible that cor
rect coding is achieved, in some in
stances, when only two out of the three 
bases read are recognized. Such imper
fect recognition might occur more often 
with synthetic RNA polymers containing 

LEUCINE 
TRANSFER RNA I 

I 0-� >< � X 11-1 
XXX 
UUG 

LEUCINE 
TRANSFER RNA II 

MESSENGER RNA 
CODE WORDS 

I g-8 � X 11-( 
xxx 
uuc 

TWO KINDS OF TRANSFER RNA have been found, each capable of transporting leucine 

(Leu). One kind (left) recognizes the code word UUG; the other (right) recognizes VUC. 

H 

I CYSTEINE e I 
H--C--H 

H", I 

ALANINE 
H I 

H--C--H 

H", I 
N--C--C--O--H N--C--C -- O -- H 

H/ I II 
H 0 

t 
UUG 

H / I II 
H 0 

MESSENGER RNA CODE WORDS 

RANEY NICKEL 

CYSTEINE TRANSFER RNA 

I 
",---/ � / / / 
'trl 
XXX 

I 
MESSENGER RNA CODE WORDS UUG 

or UCG 

+ 

'" 
or UCG -

INGENIOUS EXPERIMENT showed that code·word recognition depends on the specificity 

of transfer RNA, not on the structure of the amino acid being transported. Cysteine is coded 

by UUG, alanine by CCG or uee. Cysteine was hooked to its specific transfer RNA and 

sulfur was removed by a catalyst (Raney nickel). With sulfur removed from the molecule, 

cysteine became alanine. It was still directed into protein, bowever, as if it were cysteine. 
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S I N GLET 
CO D E 

(4 W O R DS) 

AA 

GA 

CA 

UA 

D OU B LET 
CO D E  

(16 W O R DS) 

AG AC 

GG G C  

CG CC 
UG UC 

A U  
G U  

C U  
U U  

T R I P L ET 
CO D E 

(64 WOR DS) 

� AAG I AAC AA U ! 
AGA AGG AGC A G U  I � ACG ACC AC U 

A U A  A U G  A U C  A U U  

G A A  GAG G A C  G A U  
GGA G G G  G G C  G G U  

GCA G C G  G C C  G C U  

G U A  G U G  G U C  G U U  
CAA CAG CAC C A U  

-

�
CG

_
A
-4_

C
_

G
_

G
-+_C_G_C�

C G U  I 
CCA C C G  CCC C C U  I 

�C-U-A-+-C-U-G-4-C-U-C--+-C-U U  ! 
-I UAA UAG U A C  U A U  I 

! 
�

U_GA
--I_

U_G_G

-

-t
_

U_G_C
--+_

U G  U 1 
U C A  I U C G  U C C  U C U  I 

�---+----�----�-

abnormal hemoglobin has lysine at the 
same point. One might be able to show, 
by examining the code-word dictionary, 
that these three amino acids-glutamic 
acid, valine and lvsine-have similar code 
words. One could then infer that the two 
abnormal hemoglobins came into being 
as a result of a mutation that substituted 
a single base for another in the gene that 
controls the production of hemoglobin. 
As a matter of fact, the code-word dic
tionary shows that the code words arc 
similar enough for this to have hap
pened. One of the code groups for glu
tamic acid is AGU. Substitution of a U 
for A produccs UGU, the code group for 
valine. Substitution of an A for a U  vields 
AGA, one of the code groups for lysine. 
Similar analvses have been made for 
other proteins in which amino acid sub
stitutions are known, and in most cases 
the substitutions can be cxplained by 
alteration of  a single base in code-word 
triplets. Presumably more code words 
will be found in the future and the cor-

U UA U U G  U U C  U U U  i relation between genetic base sequences 
and amino acid sequences can be made 

CODE·LETTER COMBINATIONS increase sharply with the length of the code word. Since with greater assurance. 
at least 20  code words are needed to identify the 20 common amino acids, the minimum 

code length is a sequence of three letters, assuming that all words a re the same length. The Nature of Messenger RNA 

only one or two bases than it does with 
natural messenger RNA, which always 
contains a mixture of all four. The results 
obtained with synthetic RNA may dem
onstrate the coding potential of the cell; 
that is, it may reveal code words that 
function routinely in the living cell and 
potential words that would be recog
nized if appropriate mutations were to 
occur in the cellular DNA. The table on 
page 93 summarizes the code-word dic
tionary on the assumption that all code 
words are triplets. 

The Universality of the C ode 

Does each plant or animal species 
have its own genetic code, or is the same 
genetic language used by all species on 
this planet? Preliminary evidence sug
gests that the code is essentially uni
versal and that even species at opposite 
ends of the evolutionary scale use much 
the same code. For instance, a number 
of laboratories in the U.S. and England 
have recently reported that synthetic 
RNA polymers code the same way in 
mammalian cell-free systems as they do 
in the bacterial system. The base com
positions of mammalian code words cor
responding to about six amino acids have 
been determined so far. It nevertheless 
seems probable that some differences 

90 

may be found in the future. Since certain 
amino acids are coded by multip le  
words, i t  i s  not unlikely that one species 
may use one word and another species a 
different one. 

An indirect check on the validity of 
code words obtained in cell-free systems 
can be made by studying natural pro
teins that differ in amino acid composi
tion at only one point in the protein 
chain. For example, the hemoglobin of 
an individual suffering from "sick le cell" 
anemia differs from normal hemoglobin 
in that it has valine at one point in the 
chain instead of glutamic acid. Another 

--
U A 

0 P H E N Y LA LA N I N E  LYS I N E  lJ.J 
0 
0 L E U C I N E -
u 
(j) 
0 

Does each molecule of messenger RNA 
function only once or manv times in di
recting the svnthesis of protein? The 
(luestion has proved difficult because 
most of thc poly-U in the experimental 
svstem is degraded before it is able to 
function as a messenger. vVe have found, 
nevertheless, that onlv about 1 .5 U's in 
polv-U are re(luired to direct the in
corporation of one molecule of phenyl
alanine into protein. And George Spy
rides and Fritz A. Lipmann of the Rocke
feller Institute have reported that onlv 
about .75 U's are re(luired per molecule 
of amino acid in their studies. If the cod
ing is done bv triplets, three U's would be 

C G 

P RO L I N E -

-
- POLY U C O D E S  P R E F E R E N T IALLY FO R P H E N Y LALAN I N E  u 

<{ - R EPORTED BY O N LY O N E  LABORATO R Y ; STI L L  TO B E  CO N F I R M E D  
0 

• R EQU I R ES O N LY F I RST O F  TWO BAS ES L I S T E D  z 
:2' '" R EQ U I RES O N LY S E CO N D  O F  TWO BASES L I ST E D  <{ 

SPECIFICITY OF COD ING is shown in this table, which lists 18 amino acids that can be 

coded by synthetic RNA polymers containing no more than one or two kinds of base. The 

only amino acids that seem to require more than two bases for coding are aspartic acid and 

methionine, which need U, A and G. The relative amounts of amino acids directed into pro-
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required if the messenger functioned only 
once. Evidently each poly-U molecule' 
directs the synthesis of more than one 
long-chain molecule of polyphenylala
nine. Similar results have been obtained 
in intact cells. Cyrus Levinthal and his 
associates at the Massachusetts Institute 
of Technology inhibited messenger RNA 
synthesis in living bacteria with the anti
biotic actinomycin and found that each 
messenger RNA molecule present at the 
time messenger synthesis was turned off 
directed the synthesis of 10 to 20 mole
cules of protein. 

We have observed that two factors in 
addition to base sequence have a pro
found effect on the activity of messenger 
HNA: the length of the RNA chain and 
its over-all structure. Poly-U molecules 
that contain more than 100 U's are much 
more active than molecules with fewer 
than 50.  Robert C. Martin and Bruce 
Ames of the National Institutes of Health 
have found that chains of poly-U con
taining 450 to 700 U's are optimal for di
recting protein synthesis. 

There is stil l much to be learned about 
the eJfect of structure on RNA function. 
Unl ike DNA, RNA molecules are usually 
single-stranded. Frequently, however, 
one part of the RNA molecule loops back 
and forms hydrogen bonds with another 
portion of the same molecule. The ex
tent of such internal pairing is influenced 
by the base se<luence in the molccule. 
''''hen polv-U is in solution, it usually has 
little secondarv structure; that is, it con
sists of a simple chain with few, if any, 
loops or knots. Other types of RNA mole
cules display a considerable amOlUlt of 
secondary structure [see top illustmtion 
on page 86) . 

We have found that such a secondary 
structure interferes with thc activity of 
messenger HNA. When solutions of poly
U and poly-A are mixed, they form 
double-strand (U -A) and triple-strand 

BASES P R E S E N T  I N  S Y N T H ET I C  R N A  

U A  U C  

( U-A-U) helices, which are completelv 
inactive in directing the synthesis of 
polyphenylalanine. In collaboration with 
M axine F. Singer of the National Insti
tutes of Health we have shown that polv
UC containing a high degree of ordered 
secondary structure (possibly due to C-C 
hydrogen-bonding) is unable to code for 
amino acids. 

It is conceivable that natural mes
senger HNA contains at intervals short 
region s of secondary structure resem
bling knots in a rope. These regions 
might signify the beginning or the end of 
a protein. Alternative hypotheses suggest 
that thc bcginning and end are indicated 
by particular base sequences in the 
gcnetic message. In any case it seems 
probable that the secondary structure 
assumed by different types of RNA will 
be found to have great influence on their 
biological function. 

The Reading Mechanism 

Still n ot completely understood is the 
manner in which a given amino acid 
finds its way to the proper site in a 
protein chain. Although transfer RNA 
was found to be required for the syn
thesis of polyphenvlalanine, the possibil
ity remained that the amino acid rather 
than the transfer RNA recognized the 
codc word embodied in the poly-U mes
senger RNA. 

To distinguish between these alterna
tive possibilities, a brilliant experiment 
was performed jointly by Frangois 
Chapeville and Lipmann of the Rocke
feller Institute, Ci.inter von Ehrenstein of 
Johns Hopkins University and three Pur
d ue workers: Benzer, Weisblum and 
William J .  Ray, Jr. One amino acid, 
cysteine, is directed into protein by poly
UC. Alanine, which is identical with 
cysteine except that it lacks a sulfur 
atom, is directed into protein by poly-CC 

U G  AC 

P HEN Y LALAN I N E  • P HENY LALAN I N E  • P HENY LALANIN E • L Y S I NE .. 

L Y S I N E " PRO LINE " LEU CINE PR O LINE " 

T YROSINE LEU CINE VALINE HISTID I NE 

LEU C I NE SERIN E C Y S TEINE AS PARAG I N E  

I S O LEU C I N E  T R Y P T O P H AN G LUTAMINE 

AS PARAGINE - G LY CINE T HREON I NE 

or poly-UCC. Cvsteine is transported by 
one species of transfer RNA and alanine 
by another. Chapeville and his associates 
enzymatically attached cysteine, labeled 
with carbon 1 4 ,  to its particular type of 
transfer HNA. They then exposed the 
molecular complex to a nickel catalyst, 
called Haney nickel, that removed the 
sulfur from cysteine and converted it 
to alanine-without detaching it from 
cysteine-transfer RNA. Now they could 
ask : Will the labeled alanine be coded 
as if it were alanine or cysteine? They 
found it was coded by poly-UC, just as 
if it were cysteine [see bottom illustra
tion on page 89) .  This experiment shows 
that an amino acid loses its identity after 
combining with transfer RN A and is car
ried willy-nilly to the code word recog
nized by the transfer RNA. 

Thc secondary structure of transfer 
HNA itself has been clarified fllrther this 
past year by workers at King's College 
of the University of London. Frolll X-ray 
evidence they have deduced that trans
fer RNA consists of a double helix very 
much like the secondary structure foune! 
in DNA. One difference is that the trans
fer RNA molecule is folded back on it
self, like a hairpin that has been twisted 
aroun d its long axis. The molecule seems 
to contain a number of unpaired bases; 
it is possible that these provide the 
means for recognizing specific code 
words in messenger RNA [see illustra
tion at right on page 85) .  

There is  still considerable mystery 
about the way messenger RNA attaches 
to ribosomes and the part that ribo
somes play in protein synthesis. It has 
bcen known for some time that colon 
bacillus ribosomes are composed of at 
least two types of subunit and that under 
certain conditions they form aggregates 
consisting of two subunits (dimers) and 
four subunits (tetramers). In collabora
tion with Samuel Barondes, we found 

A G  C G  

L YSINE • PRO LINE • 

G L U TAM I C  ACID A RGININE -

ARG I NINE - ALANINE -

G L U TAMINE -

G LY CINE -

tein by RNA polymers containing two bases depend on the base 

ratios. When the polymers contain a third and fo urth base, addi

tional kinds of amino acids are incorporated into protein. Thus 

the activity of poly-VCC (an RNA polymer containing V, C and 

C) resembles that of poly-VC plus poly-VC. Poly-C has not been 

found to code fol' any amino acid. Future work will undoubtedly 

yield data that will necessitate revisions in this table. An RNA

code-word dictionary derived from the table appears on page 93.  
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that the addition of poly-U to reaction 
mixtures initiated further ribosome ag
gregation. In early experiments only 
tetramers or still larger aggregates sup
ported the synthesis of polyphenylala
nine. Spyrides and Lipmann have shown 
that poly-U makes only certain "ac
tive" ribosomes aggregate and that 
the remaining monomers and dimers 
do not support polyphenylalanine syn
thesis. 

A possibly related phenomenon has 
been observed in living cells by Alex
ander Rich and his associates at the Mas
sachusetts Institute of Technology. They 
find that in reticulocytes obtained from 
rabbit blood, protein synthesis seems to 
be carried out predominantly by aggre
gates of five ribosomes, which may be 
held together by a single thread of mes-

A M I N O  A C I D  
A L A N I N E  C C G  

- --

A R G I N I N E  C G C  

A S P A R A G I N E  A C A  

A S PA R T I C  A C I D  G U A  

C Y S T E I N E  U U G " 

G L U TA M I C  fl C I D  G A A  

G L U TA M I N E  A C A  

G L Y C I N E  U G G  
--

H I S T I D I N E  A C C  

I SO L E U C I N E  U A U  
-

L E U C I N E  U U G  

L Y S I N E  A A 4  
-

M E T H I O N I N E  U G A • 

P H E N Y LA L A N I N E  U U U  i P R O L I N E  C C C  

S E R I N E  U C U  

T H R E O N I N E  C A C  
- r-

T R Y P T O P H A N  G G U  

t 
T Y R O S I N E  A U U  

--- ---
VA L I N E  U G U  

senger RNA. They have named the ag
gregate a polysome. 

M any compelling problems still lie 
ahead. One is to establish the actual 
sequence of bases in code words. At 
present the code resembles an anagram. 
\�le know the letters but not the order of 
most words. 

Another intriguing question is wheth
er in living cells the double strand of 
DNA serves as a template for the pro
duction of a single strand of messenger 
RNA, or whether each strand of DNA 
serves as a template for the production 
of two different, complementary strands 
of RNA. If the latter occurs-and avail
able evidence suggests that it does
the function of each strand must be 
elucidated. 

Ultimately one hopes that cell-free 

R N A  C O D E  W O R D S  
U CG · 

---

A G A  U C G · 

A U A  
---------

A G U · 

A G A  A G U · 

A G G  

U A A  
-- -

U U C  U U A U U U  0 

AAG · AA U · 
---

--

+- --

c C U '" .j. C C A '" C C G  '" 

U C C  U C G  
� 

C A A  

I��-- ---

1 -

\ --

l> U N C E R TA I N  W H E T H E R  CO D E  I S  U U G  O R  G G U  

• N E E D  F O R  U U N C E R TA I N  

o C O D E S P R E F E R E N T I A L LY F O R  P H E N Y L A LA N I N E  

• N E E D  F O R  G A N D  U U N C E R TA I N  

'" N E E D  FO R U A G U N C E R TA I N  

GENETIC· CO DE DICTIONARY lists the code words that correspond to each of the 20 
common amino acids, assuming that all the words are triplets. The sequences of the letters 

in the code words have not been established, hence the order shown is arbitrary. Although 

half of the amino acids have more than one code word, it is believed that each triplet codes 

uniquely for a particular amino acid. Thus variolls combinations of AAC presumably code 

for asparagine, glutamine and threonine. Only one exception has been found to this 

presumed rule. The triplet UUU codes for phenylalanine and, less effectively, for leucine. 

9 3  
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Five ways 
to rep roduce 
fundamental 

bass tones 
H o w  a o  y o u  r e p r o d u c e  b a s s  
f u n d a m e n t a l s  g e n e r a t e d  b y  
s u c h  h uge i n struments a s  t h e  
p i p e  o rga n ,  g r a n d  p i a no ,  bass  
drum?  You  can  gang  toget h e r  
e n o u g h  1 5 "  l o u d s p e a k e r s  to  
a p p r o x i m a t e  t h e  r a d i a t i n g  
a re a  o f  t h e  o r i g i n a l .  Cost l y ; 
n o t  c o m p l et e l y  s a t i sfactory .  
You  can  p u t  a speaker  o r  two J B L  
i n  a f o l d e d ,  e x p o n e n t i a l l y - Linea>' 
t a p e red  h o r n �e . g .  t h e  J B L  -Efficiency 

R a n g e r - P a ra g o n ,  H a rstf i e l d ,  Mode! 
C55 t h e a t e r  h o r n . T h e  b i g  LE15A 
m o u t h  of  the h o r n  b e;; o m e s  
t h e  effect i v e  r a d i a t i n g  a re a .  
S i m p l e r : M o u nt spea kers i n  a 
bass  ref lex enc losure ,  a form 
of H e l m h oltz resonator t u n ed 
to l o w  f r e q u e n c i e s .  E n e rgy  
from t h e  b a c k  of t h e  speaker  
cone  i s  r a d i a t e d ,  i n  p h a s e ,  
t h r o u g h  a p o rt .  J B L t r a n s 
d ucers d es igned f o r  a l l  these 
a p p l icat ions  a r e  wor ld  famous Theate" 
for  t h e i r  c r i sp .  c l e a n  perfo r m - Folded 
a n c e ,  u n m a t c h e d  h i g h  eff i - Hon> 
c i e n cy .  T h e  l a rg e  a m o u n t  o f  
e n e rgy r e q u i red to g e n erate  
l ows m a kes t h e  l atter a h i g h l y  d e s i ra b l e  
v i rtue .  A noth e r  so lut ion : P rovid e  f o r  longe r 
l i ne a r  cone excu rs i o n .  O n e  cone  trave l i n g  
a n  i nch  c a n  e q u a l  t w o  c o n e s  trave l i n g  a 
h a l f  i n c h .  C o n e  i n  the  J BL L E I 5A is so 
suspended that  it can  move extreme d i s 
t a n c e s  w i t h  pe rfect l i n ea rity. T h i s  method 
perm its s m a l l e r  acoust ica l  e n c.losures b u t ' 
resu lts in reduced eff ic iency.  J B L  " L i n e a r 
Effi c iency" mode ls  w i t h  t h e i r  b ig  v o i c e  c o i l s  
a n d  c l ose to lerances a re the  m ost eff i c ient  
of t h i s  type .  T h e i r  p o p u l a rity h a s  p a r a l l e l e d  
t h e  g rowth of two-ch a n n e l  stereo. For l i s 
teners who want  b a s s  f u n d a m enta l s  from 
t h e  s m a l l est poss i b l e  system J B L  has d e v e l 
oped the  i n g e n i o u s  T ri m l i n e  5 4 ,  o n l y  5"  
deep.  Here  a pass ive low f re q u ency rad i a 
t o r  i s  used .  I t  i s  i dent ica l  to the  f u l l - ra nge 
g" L i near -Eff ic iency d y n a m i c  d ri v e r  used 
i n  t h e  system but has no  voice co i l  or m ag 
net ; reacts s i m i l a r l y  to the  l a rge a i r  m a s s  
a n d  port i n  a f u l l -s ize  r e f l e x  e n c l o s u r e .  
Home base fo r prec is ion  bass  i s  your  
Author ized JBL Audio  Spec i a l i st. For 
his address a n d  your  free copy of the 
complete JBL cata log write to : 

los angeles 39, california 

systems will shed light on genetic con
trol mechanisms. Such mechanisms, still 
undiscovered, permit the selective re
trieval of genetic information. Two cells 
may contain identical sets of genes, but 
certain genes may be turned on in one 
cell and off in another in highly spe-

cinc fashion. "Vith cell-free systems the 
powerful tools of enzymology can be 
brought to bear on these and other 
problems, with the promise that the 
molecular understanding of genetics will 
continue to advance rapidly in the near 
future, 

PRO DUCTION OF BACTERIA is carried out on a large scale at the National Institutes 

of Health, The vessel holds colon bacilli that the author and others need for experiments. 
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Life support for 14 days in space 
The NASA-McDonnel l  Proj ect Gemini is the maj or l ink 
b etween Proj ect M e rcury and Proj ect  A p o l l o  ( th i s  
nation's first flight t o  the moon ) . I t  w i l l  give our space 
effort vital information on prolonged spaceflight effects 
and wil l  also be used to test space rendezvous techniques. 

Gemini's advanced environmental system will keep the 
spacecraft's two astronauts comfortable for two weeks of 
continuous orbital flight. Garrett-AiResearch builds the 
system that provides a breathable atmosphere, pressuri-

zation, temperature control ,  ventilation and atmosphere 
p u ri f icat i o n  in the t w o - man s pacecraft and in b o th 
astronauts' suits for the entire flight. AiResearch also sup
plies the supercritical cryogenic oxygen and hydrogen 
tankage system for the fuel cel l  power supply. 

This maj or contribution to the advancement of space 
travel is one more example of Garrett's proved capabil ity 
in the design and production of vital systems and their 
components for man's most challenging exploration. 

T H E G A R R ETT C O R P O R AT I O N . A i R e s e a r c h  M a n u f a ct u r i n g  D i v i s i o n s · Los A n g e l e s  g,  

C a l i f o r n i a . P h o e n i x ,  A r i z o n a . ot h e r  d i v i s i o n s  and s u b s i d i a r i e s :  A i r s u p p l y - A e r o  E n g i n e e r

i n g  • A i R e s e a r c h  Av i at i o n  S e rv i c e . G a r r e t t  S u p p l y . A i r  C r u i s e r s . A i R e s e a r c h  I n d u s t r i a l  

• G a rrett M a n u f a c t u r i n g  L i m i t e d  • G a rrett I n t e r n at i o n a l  S .  A . •  G a rrett (J a p a n )  L i m i t e d  
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The Nature and Measurement of Anxiety 

A pS'ychological entity Inust be defined �l it lS to be measured. 

Through '�factor analysis)) psychologists seek to define anxie�y 

zn tenns of the ()ariables that are its clearest manifestations 

Ours is said to be the age of anxietv, 
but what exactlv is anxiety and 
how can it be measured? What 

are its manifestations and how does it 
affect the functioning of human beings? 
The initial difficulty in answering such 
questions-as in so many problems of 
psychology-is one of definition . A gen
eration has passed since Edward Lee 
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Lr Raymond B. Cattell 

Thorndike replied to critics of psycho
logical measurement with the dictum: 
Everything that exists, exists in  some 
degree and can be measured.  Since 
then psychometry-the branch of psy
chologv concerned with measurement
has done rather better at inventing 
scaling svstems, units and tests than at 
defining the entities to be scaled.  In 
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• • 
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• • 
• • • 

•• 
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.J 2 
ANXIETY 

(STANDARD SCORE) 

CORRELA TION between a patient's heart-rate variability and his anxiety as rated by 

psyehiatrists is shown by this "scatter plot." The physiological and psychological measure· 

ments are red uced to "standard s(,ores," in which the mean is taken to be zero and the devia· 

tion from the mean is independent of the raw scores. When the observations are plotted, 

their elliptical pattern indicates that the variables correlate positively but moderately. 
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Thorndike's own field the proliferation 
of empirical definitions of intelligence 
fin ally reduced many psychologists to 
the desperate statement: "Intelligence is 
what in telligence tests measure . "  What 
led to a way out of this morass was the 
development of the technique of fac
tor analysis by Charles E.  Spearman, 
Louis L. Thurstone, Sir  Cyril B urt and 
other psychologists. In my laboratory at 
the University of Illinois we have been 
applying factor analysis to the problem 
of defining and learning how to measure 
anxiety . 

To seek to define anxiety is to attempt 
to tie down something recognized by 
everyone in two distinct ways: as an in
ner experience known from introspection 
and as a pattern of behavior observablc 
in ourselves and in  others as restlessness , 
irritability, tremor and so on .  S igmund 
Freud wrote much about anxiety but 
was content to fall back largely on intro
spection and semantics for its definition . 
He pointed to the solid distinction in 'his 
native language between Furcht (fear ) 
and Angst (anxiety ) ,  and most psychol
ogists have followed him in  conSidering 
anxiety to be quite different from fear. 
At the very least anxiety is viewed as be
ing a fear triggered by cues or symbols 
for some remote and uncertain danger 
rather than one physically or immediate
Iv present .  

Other definitions go further afield . 
One U . S .  school of learning theorists 
woul d have us consider anxiety as being 
the main drive to action . Almost in polar 
opposition to this view of anxiety as the 
effective mover is the clinical view ex
pressed bv Frank M. Berger (who dis
covered the chemical that led to the tran
quilizer meprobamate ) that anxietv is a 

disorganizer of effective action . Related 

to this disorganization concept is the 

psychoanalytic view that anxiety is the 
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central problem in neurosis . In looser 
thinking this often degenerates into the 
notion that anxiety and neurosis are 
synonymous, with the result that people 
with a high anxiety level are treated as 
neurotics . Clearly the various theorists 
are talking about different things when 
they mention anxiety, and a heavy pre
liminary investment of research in sim
ply isolating and measuring anxiety is 
strongly indicated . 

'rhe techniyue we have worked with , 
factor analysis, is in principle quite 

simple, although i t  does involve some 
complicated matrix algebra and usually 
requires the aid of electronic computers . 
In essence it involves the intercorrelation 
of a large number of observations to End 
out what factor or factors control them. 
The factor-"anxiety,"  for example-can 
then be deE ned and measured in terms 
of the variables that are its clearest man
ifestations. 

When one looks at a mass of social or 
biological variables so richly interrelated 
that one cannot tell which are impor
tant and which are incidental, which are 
dependent on others and which are in
dependent, it  is useful to watch their 
mode of variation under the impact of 
chan ging circumstances and see what 
goes with what and to what extent.  So 
might a hunter peer into a jungle swamp 
and wait for some telltale movement to 
show that what looked like two logs is 
actually one crocodile . The factor analyst 
uses the correlation coefficient to calcu
late the precise extent to which two 
measured variables covary, or move to
gether . The coefficient can range from 
+ 1 . 0 through 0 to - 1 . 0, indicating, re
spectively, a complete positive correla
tion, no relation at a\1 and a complete 
negative, or inverse, correlation .  A cor
relation can be demonstrated visually by 
a "scatter plot" of the kind illustrated 
on the opposite page. Each dot on the 
chart represents an observation of a 
patient at one session during which psy
chiatrists rated his anxiety level and a 
record was made of the degree to which 
his heart rate was varying.  When these 
dissimilar measurements are reduced to 
"standard scores" and plotted on two co
ordinates, their pattern indicates the de
gree of correlation between "anxiety" 
and heart-rate variability. The fact that 
most of the dots fall into a rough ellipse 
(the closest approach to a straight line 
one can expect when many influences 
are at work ) shows that there is a posi
tive correlation between the two varia
bles . The computation of a correlation 
coefficient from the actual anxietv 

ratings and heart-rate measurements 
gives a value of + .49, which is a fairly 
marked relation as psychological varia
bles go . 

Even when such a relation is obtained 
it can be interpreted as indicating that 
variable a influences b, that b influences 
a or that some as yet unmeasured entity 
influences both of them . The investigator 
usually seeks to fix such causal de
pendencies by observing in  time se-

VARIABLE 

quences or by forcibly isolating and 
manipulating one of the variables .  The 
factor analyst, partly because he often 
deals with unmanipulable things such 
as the private lives of clinical patients , 
takes a different approach. Instead of 
observing a and b alone, he may observe 
a large number of variables in a group of 
subjects . With values for, say, 100 vari
ables taken on a large number of sub
jects, he can work out a square correIa· 

LOADING 

HIGH SUSCEPTI BILIT Y TO ANNOYANCE .56 

HIGH W ILL IN GNESS TO AD MIT COMMON FAULTS .47 

H I GH TENDENCY TO AGREE .38 

HIGH HEART RATE .30 

SLOW REACTION TI ME· .28 

LOW WR ITING PRESSURE .28 

LOW TOTAL PH YS ICAL STRENGTH .27 

HIGH CRITICAL SEVERITY .25 

H I GH AUTON O M IC COND ITIONING RATE .25 

LOW HAND·STEAD INESS .22 

H I GH EMOTIONAL IT Y  OF COM MENT .20 

HIGH SELF·CRITIC I S M  .19 

LESS AL KALINE SAL IVA .19 

SLOW S PEED OF PERCEPTUAL JUDG MENT .18 

"LOADING PATTERN" for a factor designated as anxiety (U.1. 24 on a Universal In· 
dex of factors) shows how highly a number of variables "load" on tbe factor, 01' correlate 

witb it. The higher the coefficient at the right, the greater the association witb anxiety. 

VARIABLE LOADING 

RAISED CHOL INESTERASE .78 

HIGH H I P PURIC ACID .74 

H I GH WILLIN GNE SS TO AD MIT COMMON FAULTS .58 

H I GH SUSCEPTI B ILIT Y TO ANN O YANCE .46 
UJ 

HIGH RATE OF RE S PIRATION .45 
:::Ul 1-1-

HIGH STEROID HORMONE LEVEL .43 UUl UJUJ 
�I- H I GH HEART RATE .30 0 

HIGH SYSTOL IC PULSE PRESSURE .29 

LESS AL K ALINE SALIVA .23 

FAST REVERSIBLE PERS PECTIVE .19 

HIGH SALIVA VOLUME .13 
UJ LOW EGO·STRENGTH (C-) 0:: .77 
4:Ul 

LOW WILL CONTROL (Or) .51 z� 
zO:: 
0<1: HIGH ERG IC TEN SION (04) .48 -:2; 1--UlO:: HIGH GUILT PRONENESS (0) .37 UJe.-
:J 
0 HIGH NONCONF OR M IT Y  ( M) .31 

ANXIETY can be measured in an individual over a periocl of time. This is the loading 

pattern for anxiety as a fluctuating state rather tban as the personality trait U.1. 24. 

97 

© 1963 SCIENTIFIC AMERICAN, INC



tion matrix containing the coefficients 
for all the possible 4,950 relations among 
the variables . By applying factor-analy
sis computations to this matrix he can 
discover the number of independent 
variables, or factors,  that must be at 
work to account for the complex inter
relations represented by the coefficients . 
And he can learn a good deal about the 
nature of these factors in  terms of their 
pattern of effects on the dependcnt vari
ables . 

III the undisciplined infancy of psychol-
ogy theorists often fell into the trap, 

originally pointed out by Francis Bacon, 
of assuming that because there is one 
word there must be one thin g .  An open
minded investigator must begin by ques
tioning that assumption-by asking, in 
this field, if there is one thing called anx
iety or several distinct and possibly un
related forms of anxiety response.  

At various t imes a variety of intro
spective, behavioral and physi ological 
manifestations have been alleged to be 
s igns of un derlying anxiety. They in
clude low hand-steadiness, inability to 
look someone in the eye, s inking feeling 
in the stomach , dry mouth, high irritabil
ity, raised muscle tension, dccreased 
power of concentration, high emotion ali-

VARIABLE 

tv in word choice, lack of readiness to try 
new tasks, tendency to jump at noises, 
high galvanic skin response, more rapid 
conditioning and a tendency to see 
threatening objects in blots or unstruc
tured drawings . Between 1 948 and 1 960 
we measured such objective-test varia
bles as these in groups of from 1 00 to 
500 people-young and old, mentally 
healthy and mentally ill-and then inter
correlated the hypothesized anxiety 
manifestations. The correlations turned 
out to be generally positive and signifi
cant. And through factor analysis they 
pOinted to the existence of a single, per
vasive factor of anxiety . 

Up to this stage the assumption that 
there is a single entity that can be called 
anxiety was vindicated.  In m ajor re
spects the factor agreed with what is 
covered by the semantic concept of 
"anxiety ."  But not every popularly 
alleged manifestation of anxiety was 
confirmed.  For example, in anxiety sali
vary output turned out to increase rather 
than to decrease.  General muscle tension 
did not correlate i n  the way a tense per
son might expect from introspection . 
What correlated with the anxiety £actor 
was tension in the trapezius, the large 
muscle that runs from the shoulder to the 
back of the head; Jlandwriting pressure 

LOADING 
IN A B ILIT Y  TO DO SI M P LE ADDITION AND .57 SU BTRACT I ON MENTA LLY 

STUT TERING AND U PSET OF S PEECH W ITH .57 DELAYED AUDITORY FEED BAC K 

S LOW AND ERRAT IC RECOGN ITION OF .57 UPS IDE·DOWN FOR M S  

ASP IRATION· LEVE L H I GH RE LAT IVE T O  .55 PERFORMANCE 

POOR A B I L I T Y  TO CO·ORD INATE S I MU LTANEOUS .55 SPAT I A L  CUES 

LOW META B O LIC RATE CHANGE IN RES PONSE .50 TO S T I MU L I  

LOW READ INESS TO TAC K LE UN P LEASAN T  .47 ACTIVIT IES 

NU MEROUS " INDECISIVE" RES PON SES IN .44 QUE S T I ONNA IRES 

ERRORS IN REC I T IN G  A L PHA BET W I TH .42 PRESCR I BED S K I PP ING 

RAPID INCREASE OF ERRORS WHEN M ADE .31 TO H URRY 

H IGH MOTOR· PERCE PTUAL R I G I D I T Y  .29 

AFFECTED M ORE BY CO LOR THAN FORM IN ART I ST IC 
.25 PREFERENCES 

H I GH BOD Y SWAY IN SUGGEST I B I L ITY SWAY TEST .20 

"REGRESSION" is one of the factors that distinguish neurotics from other people, and is 

indexed as D.1. 23. This is the loading pattern for some variables influenced by D.1. 23. 
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was actually significantly lower in per
sons of high anxiety. 

Once a factor has been checked in 
several samples of people and across 
several ranges of measurement, it pro
vides a "loading pattern" [see upper illlls
tration on preceding pagel that shows 
the degree of influence of the underly
ing independent variable on each of the 
main manifestations in terms of correla
tion coefficients between the factor-anx
iety in this case-and the variable. The 
loading pattern provides a means of rec
ognizing and identifying the factor and 
a basis for more developed hypothescs 
about its nature . It also tells one how to 
test for the factor. Although anyone is 
free to affix such names as "anxiety" or 
"intelligence" to whatever he pleases, 
there is  now an objectively discovered, 
repeatablc response pattern to which 
one can refer when the label is used.  In 
this case it dictates a parti cular battery 
of tests-usually the composite of mcas
urements from the 1 0  or so most highly 
loaded man ifestations-for anxiety ex
periments. To avoid merely semantic 
disputes factors are sometimes indexed 
simply by number.  In a proposed Uni
versal Index of factors that  psychologists 
interested in such matters have been 
compiling, I have indexed anxiety as 
U . L  24. When expert psychiatric diag
nosticians rate patients for anxicty level, 
their estimates correlate more consistent
ly and more h ighly with the U . L  24 bat
tery than with any other factor. Although 
the correl ations shown in the U . L  24 ta
blc (which is  based on the work of John 
H undlcby of the University of Illinois 
and Kurt Pawlik of the University of 
Vienna ) are not high, they are mean 
values across five experiments, and they 
have since risen to higher values i n  
longer tests developed after the explora
tory research phase . 

�though a psychologist feels on firmest 
ground when he has located anxiety 

as a behavorial pattern in U . l. 24 , he is 
also interested to see how anxiety 
emerges in  the introspective account the 
subject gives of himself in responding to 
a yuestionnaire . The factoring of yues
tionnaire items is an established branch 
of psychometrics . Among 16 major fac
tors established by David R. Saunders, 
Glen F .  Stice, Richard eoan, Bien Tsu
jioka, Rutherford B. Porter and me there 
were a number that appeared to have 
"anxiety content . "  One, which I called 
"ergic tension" or "drive tension" and 
labeled as factor Q�, came out of such 
questions as are listed in the illustration 
on page 1 02. Another, indexed as 0, had 
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INTRODUCES F EWER MALEVOLENT
. 

ELEMENTS INTO A STORY 

INDEPENDENCE of the anxiety and regression factors, V.I. 24 
and V.I. 23, is shown here in geometric terms. Each dot is the end 

point of a vector representing a measured variable, its direction 

and distance from the origin determined by factor·analysis compu· 

tations. There are as many dimensions in the solid "graph" so pro

duced ( from which this is a two·dimensional projection) as there 

are factors at work on the variables. Test points tend to coagu

late in "hyperplanes," or multidimensional galaxies, which indi

cate the positions in which to place various factors; these factors 

emerge as axes of tbe "graph" placed as perpendiculars to the gal-

axies. Projected in two·dimensional space, a hyperplane should 

ideally appear as a line, but it is usually ( as in this diagram) a 

lens·shaped swarm of points. A test like "Marked severity of judg· 

ment," lying in the hyperplane of neurotic regression, has zero· 

projection, or "zero·loading," on it; that is, it does not correlate 

with regression. On the other hand it loads highly on anxiety; it 

is, in other words, closely associated with anxiety. The greater 

the angle between two tests or factor axes, tbe more independent 

they are of each other. In this case the anxiety and regression 

axes are nearly perpendicular to each other; they are independent. 

99 

© 1963 SCIENTIFIC AMERICAN, INC



items i ndicating guilt proneness. Still an
other was the reciprocal of ego strength, 
or "ego weakness" ( C  - ) . 

Could the existence of only one func
tional unity of response in behavior
V.I. 24-be reconciled with several fac
tors in the area of introspection? It is 
possible in factor analysis to correlate 
factors themselves and then to factor
analyze their correlation matrix just as 

one did the original variables. What 
comes out of this is a "second order" 
factor. ( General intelligence is a second
order factor among such primary abili
ties as verbal ability, spatial ability, 
numerical ability and so on. ) When we 
factored some

· 
20 of the personality 

factors based on data from question
naires, precisely those six factors that a 
psychiatrist would consider to have anx-

iety content-and no others-fell into a 
single second-order factor. At that point, 
therefore, we had one factor in behav
ioral response and one i n  introspection, 
but the possibil ity remained that they 
would prove to be not the same thing
that people who measured high on the 
"mental interior" factor might not show 
identical scores on the behavioral "ex
terior" factor. A crucial test with more 

. f LOW WILL· CONTROL (Q3-) 
I 

� OVER·ALL ANNOYABILITY 

SUGGESTIBILITY TO APPROVED ATTITUDES. 
>-
tu 
X z 
« 

• 

• 
• 

• 

• 

,. 
.. ' 

I 
I 

, 
I 

• 
• 

•• • • 
• 

· \' .. • • • •••• 

• 
LOW ACCURACY IN 

PREDICTING TIME REQUIRED 

TO COMPLETE TASK 

•
• 

• 

• 
• • 

• 

•• 
• 

• •• 

• • •• • 1· .. \ . ... .. .. 
. , . . 

• •• 

• 

,
. : : .. • • • • 

, • 
•• 

. , • • • 
I • 

I • 

. ' 
I 

• 

, • 
, 
I 

• • 
• 

• • 

• 
LOW ERGI C TENSION (94-) . 

, 
I 

LOW GUI LT PRONENESS (0- ) . 

• 

• 

• 

• 

• 

•• 
• 

• • • 
• 

• 
• 

• • 
INTElLIGENCE 

• 

• 

NUMBER·SERIES 
ABILITY 

• • 
• • 
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C LOSE CORRELATION between anxiety as defined by objective 

tests (V.1. 24) and anxiety as a second·order factor derived from 

questionnaire data is shown by this diagram: the questionnaire 

axis (broken black line) is nearly aligned with the V.I. 24 be· 

havioral axis (solid black line). But the axis for intelligence per· 

formance (white line) is almost perpendicular to the anxiety axis. 
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than 500 Air Force men proved that 
these two ways of measuring were 
operating on the same entity: the cor
relation between them was close to 
+ 1.0. This close correspondence can be 
shown in visual terms [see illustration all 
opposite pagel by a technique that wil l  
b e  discussed later i n  this article.  

'Alhy should a first-order factor in 
one medium turn up as a second-order 
factor in another? Finding six partially 
distinct influences in introspection cor
rcsponding to on e in behavior must 
mean, in the first place, that introspec
tion is  more sensitive. It could also mean 
that a causal mechanism is being re
vealcd in terms of six differcnt sources of 
one common pool of anxiety. As usual 
with purely correlational evidence, one 
cannot say for sure in which direction the 
causality acts. But if the anxiety factor 
represenrs, as it were, a common reser
voi r of anxiety to which ego weakness, 
gui l t  proneness, frustrated drive and oth
er primary factors contribute, our results 
would offer striking experimental vindi
cation of some of Freud's theories as to 
the origin of anxiety in neurotics. At the 
same time, this experimental approach 
introduces several concepts bevond anv 
in classical  psychoanalysis, be�ause fa�
tor analysis, like the microscope, opens 
up rel ations that cannot be seen by the 
unaided eye of the cl inician .  

1'he concept of D.I. 24 with wh ich I 
- have dealt so far has rested solely 

on observations of the individual differ
ences among people, that is, on anxiety 
as a trait  of personality . But anxiety also 
varies in level in the same person from 
time to time. The psychologist wants to 
discover the pattern of anxiety as a fluc
tuating state and to find out if it  is the 
same as that of the personality trait. This 
<luestion can be explored through single
person factor analysis, in which one per
son is measured every day, for perhaps 
100 or 200 days, on the various al leged 
measures of anxiety. When these time 
series are correlated, a significant posi
tive correlation should exist among vari
ables affected by the same underlying 
source. For example, if higher systolic  
blood pressure, irritability, tremor and 
"Yes" answers to certain questionnaire 
i tems are a l l  signs of anxiety, they shoulL 
vary together as the onslaught of daily 
events raises and l owers the anxietv 
level . Investigation showed that the pat
tern for anxiety as a state is unmistakablv 
the same species of response as that f�r 
the trait [see lowe!' illustration on page 
97]. It differs in some tendencv of the 
physiological variables to lo;d more 

How 
the world 

became 
flat 

Across Canada, over the pole, ringing Europe, to the Middle East, 
leaping the Pacific and linking much of Southeast Asia is a microwave 
military communications network, binding together the community of 
free nations . •  Billions of bits of data and countless phone conversa
tions and teletype messages are exchanged daily. Contact time from 
one command point to any other is typically only a matter of seconds. 
This took some doing.! • Figuratively speaking, the earth had to be 
flattened to permit contact between transmitter and receiver. Over
the-horizon communications at microwave frequencies was made pos
sible by forward-scatter tropospheric propagation-"tropo" for short. 
Kilowatts of microwave energy are needed. They are generated by 
amplifier klystron tubes. • The modern power klystron had its be
ginnings in the discovery of the principle of velocity modulation at 
Gottingen in 1934.2 Other brilliant expressions of the same basic 
principle developed independently in the U. S. in 1937 and 1939. • 
The power klystron is inherently large. Because it is also essentially 
simple, it may, with skill, be designed simultaneously for high power, 
high gain, long life and military ruggedness. All these are essential 
to the task of "tropo" communications. So successful was this approach 
to the problem that the klystron is the sole microwave power source 
for every element in the network. • And so successful has one com
pany been that its amplifier communications klystrons are used almost 
exclusively. That company is Eitel-McCullough. Eimac has designed, 
developed and delivered over 95% of these communications klystrons. 
The life of an Eimac power klystron in this service ordinarily exceeds 
25,000 hours. More than a few are now past the 50,000 hour mark. 
• Upon such formidable foundations, Eimac continues to forge into 
other areas. It is now at work in a government-sponsored effort 
intent on achieving a million watts of continuous microwave energy 
at a frequency whose limit today is about 50,000 watts. (This is an 
almost unbelievable accomplishment, if anyone can do it. There is 
good reason to think Eimac can.) • Eimac ground-station klystron 
amplifiers are now in worldwide service in satellite relay transmis
sion. And Eimac has developed new ultra-lightweight driver klystrons 
for the world's largest linear accelerator. All largely on self-spon
sored research programs. II These are typical of Eimac's technical 
achievements in electron power tube development. Anyone can prove 
the earth is round. It takes special skill and capability to flatten it. 

1. This story is told more fully in "The World is a Puddle" booklet. Write for your free copy. 

2. By coincidence, this was also the year Eitel-McCullough, Inc. was founded. The discoverer 0/ the 
v�loci�y modulation principle is now an .4ssociate Director of Research at Eimac. A repnnt of his 
hlstonc 1935 report on the discovery is yours lor the asking. 

EITEL-MCCULLOUGH, INC. 
SAN CARLOS, CALIFORNIA 

Subsidiaries: National Electronics, Inc., Geneva, Illinois 
Eitel-McCullough, S.A., Geneva, Switzerland 
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or nylon or dacron ... 
paper that holds water 
but lets air pass ... paper 
you can't tear ... these 
are also examples of 
Riegel's ability to make 
paper for a lmost any 
need. What's yours? 

''Strip-Ea s e™' ' ju st 
won't stick to uncured 
rubber, waxes, asphalts. 
I d e a l  f o r  p r o c e s s i n g  
plastics and rubber, or 

--- uncommon paper 

102 

It's a pure chemical fil
ter, releasing flavor with 
speed and sparkle. Tis
sue thin, it's a giant in 
hot water. Must form 
and fill at super speeds. 
A good example of our 
flair for technical paper. 

Other uses for Riegel 
Technical Papers 

in products .. . 

in production .. . 

in packaging 
Release, separating; Anti· 
corrosive; Plastic casting; 
Electronic facsimile; Electri· 
cal insulation; Filtration; 
Photo wrapping & interleav· 
ing; Resin im pregnation; 
Com binations of p a p e r  / 
plastics /foil /synthetics. If 
you have a problem that 
paper may solve. write to: 

Riegel Paper 
Corporation 

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

highly on the state factor . By working 
with the same subject one could elimi
n ate individual differences resulting 
from extraneous influences on the vari
ables . 

Experiments with individuals have 
been particularly valuable in locating the 
physiological concomitants of anxiety 
and in distinguishing the anxiety pattern 
from other states, such as stress, fatigue 
and excitement, with which it has often 
been confused experimentally and con
ceptually. H arold Persky and Roy R .  
Grinker of Michael Reese Hospital in 
Chicago, working with paratroopers in 
training, found that during what ap
peared to be anxiety periods the level of 
hippuric acid in the urine and of adrenal 
cortical steroids in the blood rose, the 
white-cell count and electrical skin re
sistance decreased and breathing speed
ed up . Ivan H. Scheier of my laboratorv, 
together with Grinker, Sheldon Korchin 
and others at Michael Reesp, studied pa
tients undergoing various stresses and 
located a specific pattern of physiologi
cal upset characteristic of anxiety; the 
patterns for effort stress, excitement and 
other states differed both behaviorally 
and physiologically. Further investiga
tions by Roy B. Mefferd and Louis J. 
Moran at the University of Texas and 
by Hudson Hoagland at the 'Worcester 
Foundation for Experimental Biology 
leave little doubt that anxiety and effort 
stress are two different things. Psvcho
logically the effort-stress pattern usually 
shows no anxiety or other emotionality, 
only strong concentration and perhaps 
awareness of effort. High cholesterol 

QUESTIONNAIRE ITEM 

levels, which we found to be completelv 
uncorrelated with anxiety, may really 
belong to the effort-stress pattern. Anx
iety seems to affect metabolism primarily 
by upsetting anabolic processes, which 
may account for the weight loss suffered 
by combat soldiers exposed to unremit
ting anxiety . 

There is even evidence in Scheier's 
results that effort stress ( which has 
resemblances to Hans Selye's "stress 
adaptation stage one" and arises from 
physical as well as mental causes ) may 
haye some inverse relation to anxiety. 
When a person grapples with a difficulty, 
he shows the stress response;  when he 
retreats and attempts escapist solutions, 
he shows anxiety. The so-called psycho
somatic neurotic, who develops a physi
cal symptom from his encounter with a 
problem, is in this sense the opposite of 
a neurotic. 

Whether or not anxiety originates as 
a response to prolonged and remote 

fear signals, it is quite different from 
fear as an actual response pattern . Fear 
is associated with the release of adren
alin ; anxiety is not .  Fear dries the mouth, 
whereas anxiety produces increased sali
vation as well as increased gastric secre
tion . Fear is sometimes described as 
realistic, whereas anxiety is considered 
unrealistic and indeed neurotic . Scheier 
and I found that students showed raised 
anxiety levels three weeks before an im
pOltant examination but lowered anxiety 
and raised effort stress at the examina
tion itself.  The raised anxiety may be 
"neurotic" in the sense that it does no 

LOADING 

DO YOU FI N D  YOU R S E LF WITH STRONG MOODS OF 
ANXIETY, AMUSEM E N T, SO R ROW, ETC., W HICH YOU 
CA N N OT ACCOU NT FOR BY A N YT HI N G  THAT HAS 
R E C E N T LY HA PPEN ED? 

.60 

DO YOU F R EQU E N T LY GET IN A STATE OF TE NSION 
AND TU RMOIL W HEN THI N KI N G  OV ER THE DAYS 
HA PPEN I N G S? 

DO QUITE SMALL SETBA C K S  I R RITAT E YOU U N DULY? 

DO YOU, W HEN FORCED TO R EMAIN I NACTIVE, BEGIN 
TO DOOD LE, D RAW T H I NGS ON THE MA RGIN OF YOUR 
PA PER, ETC.? 

.57 

.56 

.55 

QUESTIONNAIRE ITEMS can be factored like behavioral or physiological variables. 

The coefficients at the right show how well a "Yes" answer to each question correlates with 

a factor designated as ,r,ergic tension," When this factor and others based on questionnaires 

are factored in turn, anxiety emerges as a "second order" factor in.fluencing them. Ques

tions are from anxiety scale published by Institute for Personality and Ability Testing. 
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good, but it is a response to a real-world 
danger . If such anxiety is  neurotic, so 
also is fear neurotic when i t  arises from 
a present danger about which nothing 
can be done. 

Some years ago Hans J. Evsenck of 
M audslev Hospital in London demon
strated that a factor I had measured 
by objective psychological tests and i n
dexed as U . r .  23 powerfullv distinguish
es neurotics from normals. Some of the 
manifestations that consistentlv corre
late with what Evsenck then called the 
neuroticism factor but that we conceive 
of as "regression" ( only one of the com
ponents i n  neuroticism ) are set out in 
the i llustration on page 98 . 

The factor-analysis evidence for the 
i ndependence of the influences defined 
as anxiety and regression can be present
ed visuallv. The variables are drawn as 
vectors from a common origin; the more 
closely correlated the vari ables are, the 
closer together they will lie, so that a 
group of mutually highly correlated 
variables will look like a sheaf of arrows. 
The number of dimensions in the space 
common to these vectors reflects the 
number of factors required to explain 
them. S ince any set of variables usually 
i nvolves a number of factors, a plot of 
the vectors would not be a conventional 
two-dimensi onal graph but an imaginarv 
construct in  a "hvperspace" of many di
mensions. The nature of the experi 
mental results identifies certain variables 
as factors; these can be treated as the 
axes of a co-ordinate system. When the 
end points of the vectors representing 
variables are projected on these axes i n  
two dimensions, their location represents 
their loading on the axes. 

Because the angles representing the 
relations among variables are implicit  i n  
the correlation results, the whole vector 
system is rigid. It can, however, be ro
tated with respect to the axes. The 
analyst wants to find the one position in 
which the factors and variables l ie  in 
their true relation. For this purpose he 
depends on the principle of "simple 
structure," which assumes that i n  an ex
periment i nvolving a broad and well
sampled set of variables i t  i s  improbable 
that any single i nfluence will affect all 
of them. In  other words, i t  i s  m ore "sim
ple" to expect that any one variable will 
be accounted for by less than the full 
complexity of all  the factors acting to
gether. This implies that there should 
be dense groups, like astronomi.cal gal
axies, constituted by variables unaffect
ed by any one factor. In  multidimen
sional space each such galaxy would lie 
i n  a "hvperplane"; i n  three dimensions 

Locate your plant in 
NEW JERSEY amid 
the greatest concentration 
of research facilities 
in America ! 

GET 
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it would be a disk lying in a plane. 
Projected in two-dimensional space it 
should reveal i tself as a row of variables 
lining up with "zero loading"-that is ,  
with no correlation or projection-on 
some factor axis moved to the correct po
sition . 

Such dense disks are indeed found in 
real data .  By placing each chosen axis 
perpendicularly to a well-defined disk, 
the analyst rotates his results finally to 
a unique explanatory position . He there
by establishes the factor to which any 
set of variables is least related and the 
one with which it correlates most high
ly. The illustration on page 99 is a plot, 
in the plane set by the anxiety and re
gression factors, of data from a study of 
1 1 1  variables, covering 1 8  factors, made 
by Richard Coan of the University of 
Arizona on a group of 1 64 seven-year
old children . The variables fall into two 
hyperplanes seen as rough ellipses ( one 
rarely gets the galaxies exactly on cdge 
in a row ) lying along the axes and inter
secting at the origi n .  The fact that these 
axes are almost at right angles to each 
other, with very different kinds of vari
ables projecting close to each of them, 
shows that they are almost completely 
i ndependent influences, with very dif
ferent characteristics . 

A similar plot makes clear the close 
relation, reported earlier in this article, 
of the behavior-based to the question
naire-based data on anxiety [ see illustra
tion 0 11 page 1 00 ] . The axis of the sec
ond-order questionnaire factor aligns 
itself, within the limits of experimental 
error, with that of the U . L  24,  or behav-

I N D I A  (350) 

FRA N C E  (422) 

I TA LY (308) 

J A P A N  (321 ) 1'---

U N I T E D  K I N G DO M  (91 ) 

U N I T E D  STAT ES ( 108) 

ioral, factor . This diagram is  also of in
terest in  that it shows the psychological 
and statistical independence of anxiety 
and intelligence . The direction of the 
anxiety factor is  fixed by the hyperplane 
oriented largely in  intelligence-perform
ance results . The axis representing the 
intelligence factor is approximately per
pendicular to the anxiety axes .  I n  this 
group of airmen anxiety and intelligence 
were almost completely independent of 
each other, and this has proved to be the 
case in most other experiments . 

Factor analysis, then, succeeds in sort-
ing out anxiety from two things with 

which it  is  constantly confused :  the 
stress reaction and the neurotic-person
al ity maladjustment . The more precise 
measurements of anxiety that are now 
possible also clarify the relation between 
anxiety and a factor such as intelligence 
and should help to answer many similar 
questions about the relation between 
anxiety and various situations and per
formances .  

During the past  decade, for  example, 
almost every theoretically possible rela
tion between anxiety and learning has 
been reported as being experimentally 
supported.  Our results make it seem 
probable that those who found better 
school achievement with higher anxiety 
were mixing a state measure with a trait 
measure a few weeks before an examina
tion, and that workers who correlated 
better achievement with lower anxiety 
were using an anxiety measurement 
tainted with neuroticism components . 
The issue was c()nfused by the inclina-

1 4.1 

22.4 

22.2 

21.1 
! 

26.7 

24.9 

24.3 

INTERCULTURAL DIFFERENCES in anxiety and neuroticism were revealed by ques· 

tionnaire data. The anxiety score is shown by the dark bars ( possible range, 6 to 30 ) and the 

neuroticism score by the light bars ( possible range, 6 to 54) . The differences between coun· 

tries were statistically significant except, in anxiety, for the U.K. and U.S. and, in neuroti· 

cism, for France and Italy. Numbers at left show size of the group tested in each country. 
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tion of many learning theorists to assume 
that all learning is conditioning. Our ex
periments do show more rapid condi
tioning of autonomic, or involuntary, re
sponses with higher anxiety . On the other 
hand, learning as reflected by grades is 
slightly but significantly inversely related 
to anxiety . It  still remains to be seen 
which is cause and which is  effect . 

New objective and questionnaire
based anxiety batteries developed by 
Scheier have already yielded verifiable 
results showing differences in anxiety 
level with age, occupation, clinical syn
dromes and national culture .  Anxiety 
fluctuates in  early childhood, rises most 
consistently in adolescence and declines 
considerably through adulthood until it 
rises again after 60 or 65 . Among occu
pations, newspaper editors, artists and 
air cadets in training have been found to 
have high anxiety ; policemen, clerical 
workers and engineers have lower levels .  
Probably both personnel selection and 
the nature of the jobs are responsible for 
these differences .  Among patients in 
mental health clinics those diagnosed as 
anxiety hysterics have the highest scores 
and alcoholics are also far above average . 
But .the average scores for psychotics, 
whether schizophrenic or manic-depres
sive, are not very different from those of 
the general population .  

Some surprising results have come 
from comparisons across cultures .  To ob
tain data the questionnaire items were 
translated carefully ( often back and 
forth twice ) and checked by working out 
the factor structure until it  was practical
ly identical in each of the nations under 
study. When the scores were compared, 
some major differences appeared .  In
dians and Frenchmen, for example, 
showed substantially higher anxiety and 
neuroticism levels than Americans did 
[see illustration at left] . This hardly 
fits the American's treasured view of 
himself as the most harassed of mortals, 
or the notion that anxiety is tied up with 
the pace and complexity of industrial
ized society. National comparisons are 
invidious and notoriously tricky, but 
these results may possibly fit  a theory 
that low anxiety is  associated with bet
ter economic level and closer political in
tegration .  This fits recent data showing 
still higher anxiety levels in countries 
that are split culturally and politically 
and that are low in  economic status .  Per
haps-and this is a subject for research
the U . S .  might head the list in effort 

stress rather than anxiety . But if the U . S .  

i s  the archetypal 20th-century culture, 

li terarv psychologists may be far astray 

when they project their personal feelings 

to call this the age of anxiety . 
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It took an RCA 

Picture Tube to capture 

all the color of life 

When you turn on your color television receiver 

• • .  three electron beams inside the picture tube 

begin to sweep the screen at nearly 1 6,000 times 

a second. A million phosphor dots begin to glow 

in . . .  red . . .  blue . . .  or green . Form takes shape, 

color blends. Then suddenly-color comes to life 

on your TV screen. 

This i s  the RCA Color P icture Tube in action . . •  

culmination of nearly a quarter-century of RCA 

i n n o v a t i o n ,  r e s e a r c h ,  and devel o p m e n t .  I t s  

shadow-mask principle and "three-gun" system 

are a miracle of precision production in elec

tron optics. 

Regardless of the make or model of your TV set, 

you are probably watching color programs on a 

Color Picture Tube pioneered by RCA. It is the 

only color television picture tube provi ding the 

proven benefits of dependab ility and uniformity. 

Color picture tube development is another dra

matic example of RCA electron tube research

continually creating new tubes for new applica

tions i n  the world of entertainment, industry, 

and the national defense. 

RCA ELECTRON TUBE DIVISION 

e. The Mosl Trusled Name �® in Electronics  

RCA Color Picture Tube
the tube with the "Shadow
Mask , "  wh ich is help in g  to 
bring the world of living 
color television into Ameri. 
can homes today. 
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PULSATING BALL LIGHTNING probably caused the luminous 

streak at the top of this color photograph. The image may, how

ever, have been caused by bead lightning, a form related to ball 

lightning. The photograph was taken during a severe thunderstorm 

at Los Alamos� N.M., in August, 1961, by B. T. Mattbias and S. J. 
Buchsbaum of the Bell Telephone Laboratories. The exposure 

was made by aiming the camera at an approaching thundercloud 

about a mile away and leaving shutter open for five minutes. 

.. 
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BALL LIGHTNING 

This rare Cornl of lightning nlay represent a stable configura1 ion 

of a plasnla of charged particles. If it does, it 111ay help 10 solve 

the problenl of confining a plasma �within a thernlonuclear reactor 

minor legend of the American 
West relates that forest-fire A watchtowers are equipped with 

tall stools to provide a refuge for the fire 
warden who is attacked by ball light
ning. The idea is that the lightning ball 
will snap around the legs of the stool and 
then, frustrated, depart through a door 
or a window. This is undoubtedly an 
anthropomorphic exaggeration of the 
behavior of ball lightning, but the fact 
is that there are reasonably believable 
accounts of instances in which balls of 
lightning have hung suspended in the 
air or Hoated eerily through it, have 
climbed through windows, dived down 
chimneys, popped out of ovens, glided 
along fences and telephone wires and 
performed other improbable maneuvers. 

Any normal, cynical scientist, on hear
ing of ball lightning for the first time, al
most instinctively places it in the cate
gory of folklore, along with Bying saucers 
and ectoplasm. A brief survey of re
ported events, however, quickly con
vinces the skeptic that enough reputable 
observers have seen and possibly even 
photographed ball lightning to leave 
no doubt that the phenomenon is real, 
although it is rare and as yet unex
plained. The fact that lightning balls, 
in contn�st to lightning bolts, have been 
observed to persist for considerable peri
ods of time has long pitjued the curios
ity of physicists. In the past five years 
there has been a surprising resurgence 
of interest in ball lightning, stimulated 
by a controversial hypothesis put for
ward by the noted Soviet physicist 
Peter L. Kapitza. His suggestion has in 
turn led to other theories, to renewed but 
unsuccessful efforts to reproduce the 
phenomenon in the laboratory and to 
some rather unlikely conjectures about 
the possible applications of the ball
lightning "technitlue" in the control of 

br J larold \\'. Lewis 

thermonuclear reactions for the produc
tion of power. 

}�1V explanation of ball lightning must 
take into account the curious prop

erties attributed to it by those who have 
seen it. The most recent survey of sight
ings was conducted in 1960 at the Oak 
Ridge National Laboratory, where J. 
Rand McNally, Jr., asked 15,923 em
ployees if they had ever seen ball 
lightning. The 515 who gave an affirma
tive response were asked in some detail 
nbollt the size, duration, color and other 
physical properties of the ball. These 
replies, which form the basis of the de
scription that follows, developed a pic
ture substantially like that obtained in 
previous surveys. 

It would.appear that the typical light
ning ball-or, to use its German name, 
kllgelblit::-is a luminous sphere perhaps 
as bright as a strong household BUOl·es
cent lamp. The sphere may range in di
ameter from a few inches up to a few 
feet, most often from six inches to a foot. 
It usually materializes immediately 
after an ordinary lightning stroke. The 
ball can be almost any color, although 
green and violet are rare. Most seem 
to shine steadily, but some pulsate. Nor
mally the ball moves about, sometimes 
along a conductor or an insulator and 
sometimes directly through the air. It 
can last from a second or less up to sev
eral minutes; the median, if one may 
judge from the estimates of startled 
observers, is a few seconds. Some balls 
fade out; others disappear abruptly, 
occasionally with an explosive report. 
Lightning balls seldom damage anything 
badly, although they sometimes leave 
physical evidence of their occurrence. 
They have scorched wood and burned 
through wires. A lightning ball in the 
U.S.S.R. was reported by a number of 

observers to have partly melted the tip 
of the propeller of an airplane that en
countercd it at an altitude of 10,000 
feet. The matter of damage is important 
because some estimatc of the amount of 
energv stored in the ball is essential to an 
evaluation of the various theories. Since 
lightning balls have not been produced 
in the laboratory, estimates of their 
energy content are based entirely on the 
subjective reports and on inferences 
from their effects. 

It is easy to set an upper limit to 
the energy stored in a lightning ball by 
assuming that the air within the hall 
is at most singly ionized. This means 
that each atom or molecule in the air 
has lost one electron and that therc is 
an e(lual number of free electrons. A gas 
in this state is called a fully ionized 
plasma. The search for a way to control 
thermonuclear reactions involves the cre
ation and maintenance of a plasma within 
some sort of magnetic "bottle" [see "Fu
sion Power," by Richard F. Post; Scm]\"
TIFlC AMERICAN, December, 1957]. "In 
ball lightning the energy that went to 
ionize the air is stored in the plasma until 
the charged particles recombine, releas
ing the energy in the form of light, heat 
and sound. At sea-level atmospheric 
pressure, single ionization of the air 
would produce an energy density of 
about 100 joules per cubic centimeter. 
(The joule is a unit of work equal to HF 
ergs, or to the work done in one second 
by a current of one ampere Bowing 
through a resistance of one ohm.) An 
average lightning ball 25 centimeters 
(10 inches) in diameter and singly ion
ized at normal atmospheric density 
would contain about one megajoule 
(million joules) of energy. I am in
debted to M. L. Goldberger of Princeton 
University for pointing out to me that 
a megajoule can be visualized as the 
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amoLnt of energy that would be released 
by the chemical combustion of a large 
jelly doughnut. 

I n order to determine the energy con-
tent of an object the investigator 

normally employs calorimetry. He places 
the object in a known quantity of water 
and measures the extent to which the 
water is heated. Obviously catching a 
lightning ball in a calorimeter, or in 
any container of water, would be a 
considerable achievement. The amazing 
thing is that just such an expe:'iment 
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was accidentally performed by a light
ning ball in the presence of an apparent
ly sober and reliable resident of the Lon
don area. According to The Daily Mail 
for October 3, 1936, the observer re
ported that the glowing ball came out 
of the sky, cut a telephone wire, scorched 
a window frame as it entered a room and 
finally dived into a butt (a small barrel) 
containing four gallons of water. The 
water boiled "for some minutes," indi
cating that the lightning ball must have 
persisted most of this time. In support 
of his claim that the water actually 

boiled, the observer testified that he 
could not keep his hand immersed in it 
20 minutes later. To boil so much water 
the lightning ball must have had an en
ergy of not one mega joule but at least four 
megajoules .and perhaps as much as 10 
megajoules. The concentration of energy 
in the ball must have been considerablv 
higher than that in our 25-centimeter, 
one-megajoule model: the ball was said 
to be the size of a large orange. The 
calculated upper limit of one mega joule 
for a 25-centimeter ball, although it is 
less than the energy of the ball in the 
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ONE TYPE OF IONIZATION that can occur in air involves first 

the dissociation of oxygen molecules by radiation. The radiation 

• cts further to knock electrons off some of the atoms, which acquire 

a positive charge. Other atoms may take up these electrons, thereby 

becoming negatively charged. The process of recombination 

of a positive atom with an electron is highly oversimplified here . 
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NITROGEN IONIZATION occurs in air along with the oxygen 

process. Here four molecules of nitrogen and one of oxygen are 

shown (air is approximately 78 per cent nitrogen and 20 per cent 
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oxygen). Radiation can cause the dissociation of oxygen moleculeE 

and their ionization (right) ; nitrogen molecules usually ionize be

fore dissociating. Recombinations (not shown) are highly complex 
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Analysis of parameter sensitivity is essential in 
optimizing the total landing system. 

Space Kinematics: Analysis, 

Simulation and Computation 

After you get a vehicle to the proper 
point in space in its approach to a 
planetary or lunar body, how do you 
minimize (call it optimize) the maneu
vers necessary for an accurate, safe 
landing? In considering the mathe

matical equations which would de
scribe the most desirable transfer 
maneuvers from one orbit to another, 
our Analysis, Simulation and Compu
tation Group found that the calcula
tions necessary to define any point 
of transfer can be made relatively 
simple. This, in turn, permits greatly 
simplifying the mechanics of the 
total landing system. 

This work included determining the 
allowable variations in the orbital 
transfer point as a function of varia
tions in the parking orbit, the peri
cynth ion altitude of the transfer orbit, 

and the accuracy of the velocity cor

rection applied at the point of transfer. 
Great emphasis was placed on the 

problems of guidance and control 
during the main retro phase and the 
vertical descent phase. Optimum retro 
phase trajectories were computed to 
determine proper guidance technique 
from any pericynthion altitude, to 
achieve vertical descent at 5000 feet 

altitude at 50 feet per second rate of 
descent. In addition to defining the 
sensitivity of mass expenditure and 
other pertinent trajectory parameters, 
the study produced and evaluated a 
guidance technique which will opti

mize engine operation during landing. 
For the most part, our work has 

involved the specifics for lunar Hight. 
However, the methods developed are 
equally applicable for planetary mis-

Research Laboratories Division 

sions, and the groundwork has DO'A 
been laid for development of completr. 
planetary Hight profiles. 

Bendix research embraccs a com· 

plete range of disciplines including 
acoustics, nuclear, data processing, 
microwave, Huid power, lasers and 
masers, guidance, electronics, solid 
state physics, and mechanics. Motiva
tion: to develop new techniques and 

hardware for producing complete, 
integrated, advanced systems for 

defense, industrial and commercial 
application. Inquires are invited. We 
also invite engineers and scientists to 
discuss career position opportunities 
with us. An equal opportunity 
employer. For further information, 
write Director, Bendix Research Lab
oratories Division, The Bendix Cor· 
poration, Southfield, Michigan. 

T�Jlc{� 
CORPORATION 

WHERE IDEAS 
UNLOCK 
THE FUTURE 
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KAPITZA THEORY of the formation of lightning balls postulates the creation (1) of elec

tromagnetic waves (gray) by a bolt of lightning (color). These waves are reflected by con

ducting surfaces (2), including the earth, and set up standing waves. Short arrows show 

direction of motion of wave fronts. The node is the region of weakest electric field; the 

antinode, of greatest field strength. Energy from the waves ionizes a region of air at an 

antinode, creating luminous ball that moves to node (long arrow), where radiation pressure 

holds it (3) . Energy is fed in continuously. This representation of theory is highly schematic. 
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water-butt experiment, is at least not 
too far from the truth. 

Now, the only way to store so much 
energy would be in the ionization of 
practically all the atoms and molecules 
in the lightning ball. This constitutes 
a real dilemma, because it is difficult to 
reconcilc ionization with the length of 
time the ball lasts. Ionized air is in a high
ly unstable state. Several mechanisms 
cause the free electrons to combine 
either with the positive ions or with 
electrically uncharged but chemically 
active atoms, particularly those of oxy
gen. Ionic capture of an electron, a 
process known as recombination, neu
tralizes the electric charge of the ion. 
If an uncharged atom picks up an elec
tron, an event known as electron attach
ment, the atom becomes a negative ion. 
Such an ion regains its electrical neu
trality by combining with a positive ion. 
The pressure, temperature and other 
characteristics of the gas determine 
whether neutralization occurs directly or 
through the intermediate formation of a 
negative ion. In the lightning ball the 
latter process is probably dominant. 
Even though the process is slightly 
roundabout, calculations based on well
known physical laws show that neu
tralization of the air in a lightning ball 
will take only a tiny fraction of a sec
ond, far too short a time to account for 
the relatively long life of the ball. Since 
not even the wondrous kugelblitz is per
mitted to amend the laws of nature, one 
must conclude either that the energy for 
ionization is being supplied continuously 
by some outside agency or that there are 
no free electrons in a lightning ball. 

K apitza employed the former idea in 
. his theory, which he published in 

1955. He suggested that the highly elec
tric environment of a thunderstorm could 
create electromagnetic standing waves. 
Such a wave arises at the meeting place 
of two or more wave fronts of the same 
frequency traveling in different direc
tions. The region where the waves rein
force each other is called the antinode 
and the region where they cancel each 
other the node. Kapitza said that at the 
antinode the waves might be intense 
enough to separate electrons from atoms 
in the air, thereby producing a small 
ionized region. It had been known be
fore Kapitza published his paper that an 
ionized gas will resonate to and absorb 
electromagnetic waves of the appropri
ate frequency; the absorption of energy 
in this manner will finally result in a cas
cade of ionization. In the air the cascade 
would form a lightning ball. The ultimate 
size of the ball would be directly re-
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THIS IS GLASS It] FROM CORNING A BULLETIN OF PRACTICAL NEW IDEAS 

New water still for purists 
Tap water run through this new auto
matic, continuous apparatus just once 
comes out like this: 

1,700,000 ohms-cm resistivity 
0.5 ppm total solids 
and pyrogen free 
If that isn't pure enough-and it's 

glass-distilled purity-you can easily adapt 
the apparatus to serve as either the 

second or third stage of a multiple
distillation system. The rate is three liters 
per hour. 

This laboratory-size CORNING@ All
Glass Water Distillation Apparatus com
bines the most inert components we can 
find. The wet surfaces are PYREX@ brand 
glassware, a VYCOR@ brand immersion 
heater, and Teflon * stopcock. t No metal 
-so you get no metal contaminants. 

If you use glass-distilled water in 
your lab, this packaged unit can save you 
the expense of purchasing purity or 
the trouble of jury-rigging your own 
apparatus. 

Our unit is delivered ready to go
complete with all electrical and thermo
stat controls and shock-mount cabinet. 
Operates automatically. 

The coupon will bring you more 
information on this paragon of purity. 
*DuPont trademark tLicensed-Patent No. 2876985 

New steady-state distribution 
machine to free the Ph.D. 
This new QUICKFIT steady-state dis
tribution machine separates materials 
continuously to 99% purity with a {3 
value of 1.4. 

It may do even better for you. Theo
retically, its 100 or 120 glass cells provide 
enough stages to separate components 
with ratios of partition coefficient as 
low as 1.2. 

Best of all, after programming, your 
technicians can easily operate this counter
current liquid-liquid extraction machine. 
You can concentrate on research. 

After the electromechanical program
mer is set, the machine automatically 
carries out your predetermined sequence 
of upper- and lower-phase transfers in 
chemicall y inert borosilicate glass cells. 

Agitation rates and settling times are 
variable to a maximum of 15 minutes. 
Decant and transfer motions hold for 
45 seconds. 

Because of its cell design and unique 
programming device, you can operate 
with other than the optimum solvents 
and need not adjust phase volumes. 

The machine gives you versatility. It 
performs Craig-type distributions. It also 
permits O'Keefe-type separations. In 
addition, continuous preparative sep
arations of fine chemicals in gram-per
hour quantities are possible. 

If you're concerned with separating 
antibiotics, agricultural chemicals, bio
chemicals, brewing components, essential 
oils, fission ma terials, or rare earths, this 
unit can help you. 

A check on the coupon will bring you 
complete data. 

New product? 
We've told you what's new with us. Not 
too surprisingly, the bulk of it is glass. 

If you are in the throes of invention
be it product, equipment, or exotic 
apparatus-it's highly possible that we 
can be of assistance. 

Keep us in mind for components if 
you need: 

• corrosion resistance 

• great thermal strength 

• exceptional electrical properties 

• odd shapes and configurations 

• plain, old useful transparency 

• or exo tic new transmi ttances 

We can provide these and other 
properties in interesting combinations 
in glass. 

Let us in on what's new with you. The 
earlier you tell us-and the greater the 
detail-the more help we can be. 
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HILL THEORY also starts with lightning stroke that brings on partial ionization in air (1). 
Somehow the charges become separated so that the situation resembles a miniature thunder· 

cloud (2). Then tiny discharges between parts of the cloud give the ball its appearance 

of luminosity (3) . This model stores all the energy inside and has no continuing supply. 
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lated to the frequency of the radiation 
furnishing the energy. Kapitza pointed 
out that the reported size of lightning 
balls indicates radiation in the range of 
several hundred megacycles, which is' 
part of the radio-communication bane1. 
He simply made the assumption that 
during a thunderstorm there is a great 
deal of such radiation around. Noting 
that lightning balls frequently come 
through doors and windows, and par
ticularly down chimneys, Kapitza wrote 
that these apertures were of an appro
priate size to act as wave guides for the 
radiation. Bead lightning, in which small 
balls appear to be strung together, 
might arise, he added, from the forma
tion of several small balls at adjacent 
antinodes. 

A number of investigators havc stud
ied the problem of the stabilitv of a 
Kapitza lightning ball and have agreed 
that the ball would form at an anti node' 
(the point of greatest electric field 
strength) and then move to a node (the 
point of least strength) , where it would 
tend to stay. If it should start to move 
away from the node, radiation on both 
sides would push it back. Thus the ball 
would be held loosely in place and would 
follow the vagaries of the radiation as it 
moved about. This could account in a 
reasonably natural way for the apparellt
ly capricious motions of some lightning 
balls. 

There are two major troubles with the 
Kapitza theory. In the first place, a 
large amount of ultrahigh-frequency ra
diation has never been detected during 
a thunderstorm. In fairness to the theOl'v 
it should be said that such radiation nee�l 
not arise very often, since ball lightning 
is so rare. The fact remains that the com
munication bands in this range of fre
qucncies, which are used by aircraft, 
are known to be relatively free of static 
during a thunderstorm. This suggests, of 
course, that there is little natural radia
tion at these frequencies. 

The other trouble is that the Kapitza 
theory completely fails to account for 
the water-butt observation. A ball oper
ating according to the Kapitza mecha
nism would have had enough energv to 
burn through the telephone wire and to 
scorch the window frame, but when it 
fell into the water butt it would have 
been completely cut off from its energv 
supply. Even salt water will not conduct 
enough electromagnetic radiation to sup

ply a kugelblitz, much less a kugelblitz 

energetic enough to bring four gallons 

of water to a boil and keep it there for 

many seconds and perhaps minutes. 

Even if the Kapitza model involved 

energy storage, which it does not, the 
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"In this drafting department 
nothing is drawn that can be 
taped with Chart-Pak" 

says William F. Solimine, 
Drafting Supervisor & Materials Analyst, 

Wayland Laboratory, Raytheon Company, 

Wayland, Massachusetts 

The 160-man drafting section at 
Raytheon's Wayland laboratory works 
under continual peak load conditions. To 
save time and money they use Chart-Pak 
pre-printed pressure sensitive tapes and 
components. 

As Mr. William F. Solimine, the sec
tion's supervisor, puts it, "Chart-Pak's 
pressure-sensitive tapes save from 50 to 
90% of the time in laying out our 
printed circuits. And I don't believe a 
draftsman can duplicate the quality, 

straight lines and professional look we 
get with these precision-slit tapes." 

Chart-Pak materials can save time and 
money in your plant, too. Symbols and 
lines are available for all kinds of bar, 
and pie charts, graphs, maps, plant and 
office layouts, engineering drawings, 
printed circuit masters, PERT program
ming, work flow and data processing 
charts. Write to us today for the com
plete Chart-Pak catalog of pre-printed 
tapes and components. 

CHART-PAK, 
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Dealers in principal cities in U. S. and Canada 

ball would not contain enough energy 
to raise the water to a high temperature. 
In the Kapitza model recombination oc
curs constantly, converting radio energy 
into light. The energy required to illumi
nate a sphere 25 centimeters in diameter 
until its surface glows with the bright
ness of a fluorescent lamp is 250 watts 
(allowing for the 10 per cent efficiency 
of the typical lamp) . In fact, although 
the lamp is a pretty bright object, in four 
seconds it will use up only a kilojoule (a 
thousand joules) instead of the mega
joule or more that a completely ionized 
ball of air 25 centimeters across could 
contain. Hence if one is to accept the 
Kapitza theory, one must completely 
discount the water-butt report. Since 
there is no way to verify the report, the 
crcdibility of the Kapitza theory rests in 
the cnd on the frequency with which 
large cluantities of radiation accompany 
thunderstorms, and this remains to be 
determined. 

Two alternative explanations of ball 
lightning involve the storage and ex

penditure of energy at a rate suitable 
for the phenomenon. The first explana
tion is suggested by the jelly doughnut 
and its stored megajoule. Chemical en
ergy is in fact very efficient. One ounce 
of heating oil also contains a megajoule. 
Could not a flaming mass of pitch, 
ejected from a tree that has been hit by 
lightning, account for some observations 
of ball lightning? Unfortunately there is 
too much variety in kugelblitze for them 
all to be explained in this way. The air at 
10,000 feet, where the lightning baH 
damaged the propeller of the Soviet air
plane, would not contain lumps of such 
combustible material. 

Edward L. Hill of the University of 
Minnesota has offered another interest
ing suggestion. He discounts the plasma 
aspects of the phenomenon largely be
cause plasmas recombine too quickly. 
Instead he suggests that the lightning 
stroke preceding the ball somehow in
duces a separation of positive and nega
tive charges carried by atoms, molecules, 
clumps of molecules, bits of dust and 
other minute objects in the air. It is 
known that charges carried in this way 
and not by free electrons and ions do 
not recombine so quickly as the charged 
particles in a plasma. Hill's model is 
virtually a miniature thundercloud. In 
the full-sized cloud, however, concentra
tions of positive and negative charge 
are separated by considerable distances. 
Hill proposes that in the case of the 
lightning ball the positive and negative 
particles stay more or less in their sepa
rate locations until the turbulent motion 
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Silicones Keep Pace 
With Changing 

Aerospace Needs 
Pick a spacecraft and chances are that 
silicones are doing a big job . .. one that 
other materials couldn't. 

GUIDANCE 
SYSTEM 

SILICONES SERVE AEROSPACE 

By specifying silicones, designers can 
take advantage of stable performance 
over the great temperature range found 
in aerospace. Silicones stand up. 

Three kinds of silicones are particularly 
significant for the aerospace scientific 
community. Silicone rubbers, supplied 
in easy-to-use room temperature vulcan
izing (RTV) as well as heat-cured types, 
are used as ablative shields because of 
their ability to withstand intense heat. 
Fluids, providing constant viscosities, 
keep gyros operating in guidance sys
tems. Silanes, bonding where other ma
terials let go, work as primers for such 
substrates as black anodized aluminum. 

Union Carbide offers the complete sin
gle-source service for silicone supply. 

In silicone rubbers alone, Union Carbide 
offers formulations that meet 18 sepa
rate Aerospace Materials Specifications 
(AMS), plus many military and company 
requirements. Besides these many kinds 
of silicone rubbers, Union Carbide offers 
a full range of base products from which 
proprietary compounds are made to meet 
special conditions. 

Wh y are silicones be ing used? Fre
quently because other materials either 
fail or can't do the job as well. But, for 
a better answer, look at the properties 
of some representative silicones made 
by Union Carbide. 

For example, silicone rubber K-1305W. 
This material's high temperature abla
tive characteristics -as expressed by 
effective heat of ablation, back side 
temperature rise, and erosion rate-sur
pass specification requirements. And 
K-1305W is easy to process. 

This shows why designers are specify
ing K-1305W for such uses as ablative 
shields on blast tubes, aft closure seals, 
and as protective collars affixed to ex
haust tubes. 

Silicone fluids are typified by the re
markably stable, low temperature, low 
viscosity L-45 series. One type in this 
series (7cstk at 770 F.) provides a vis
cosity of less than 200 cstk (Ostwald) at 
minus 1000 F. Its low volatility is shown 
by a flash point of 3450 F. These and the 
other properties of L-45 series explain 

why leading designers specify UNION 
CARBIDE Silicone Fluids for such appli
cations as damping fluids in gyros, and 
coolants in electronic countermeasure 
units on jets. 

Silanes act as chemical bridges be
tween resins and glass reinforcement. 
These Union Carbide materials provide 
stronger laminates with greater resis
tance to heat and moisture. 

Silicones are keeping pace with the rap
idly changing needs of the aerospace 
industries. Silicone rubbers are already 
the industry standard for such items as 
bundle clamps and O-rings. 

As the leading innovator in silicones 
technology, Union Carbide is constant
ly developing new products to do a 
better job. Information on silicones for 
aerospace or general applications is 
available from your Silicones Man. See 
him now. 

• 
UNION CARBIDE is a registered trade mark 

of Union Carbide Corporation. 
r-----------------, 

Silicones Division, 
Union Carbide Corporation 
Dept. 3C 84-0301, 30-20 Thomson Ave., 
Long Island City 1, N. Y. 
In Canada: Union Carbide Canada Ltd. 
Bakelite Division, Toronto 12. 
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of the air crcates a situation in which the 
strength of the electric field exceeds the 
minimum neccssarv to produce an elec
tric discharge, i.e., lightning. In the 
usual kind of lightning this occurs over 
distances so large that wcll-defined 
lightning strokcs appear; in Hill's model 
everything happens on such a small scalc 
that thc startled observer might see the 
discharge as a uniformlv illuminated 
ball. Hill's idea may explain the appcar
ance of the ball, but it leaves open the 
qucstion of how the charges ,Ire sep,l
rated in lhe first place. 

Hill credits the watcr-butt experi
ment sufficientlv to proposc that his 
model contains at least a n1l'gajoule of 
stored cnergy. The Illodel would work 
just as well if it containcd onlv a kilo
joule. The theory does not stand or fall 
according to the amount of cnergy the 
hall might contain, as long as the cnergy . 
is enough to account for the luminosity. 
Hill's thcory is primarilv an cffort to 
account for thc long lifc of thc kugel
blitz. 

Several othcr hvpothcses to explain 
ball lightning have been offered, but 
they leave us as far from any rca I un
derstanding of the phenomenon as thc 
Kapitza and Hill theories do. No theOl'v 
accounts for all the observations. Mean
while the theories are inspiring efforts to 
produce lightning balls in the laboratory. 
The Bendix Hesearch Laboratories has 
succeeded in creating small localized 
regions of ionized luminous gas by focus
ing microwaves in a small volume. Con
finement of the luminous region occurs 
simply because the microwave gener
ators are adjusted to achieve this. Tbe 
glowing region cannot move about like 
a kugelblitz. Similar experiments have 
been performed elsewhere in the U.S., 
the U.S.S.H. and other countries, but 
none have made lightning balls. 

1 f it is ever discovered that the light. 
ning ball is a stable configuration for 

a plasma, the finding will have consider· 
able importance for the thermonuclear 
power program. This, of course, is why 
some workers are studying the matter. 
The Oak Ridge survey was inspired by 
this possibility; in fact, I became inter
ested in the subject during a summer 
spent working on the power problem at 
the Los Alamos Scientific Laboratory. 
As far as I know, no one working ill the 
field thinks the kugelblitz can serve as 
a model for a thermonuclear reactor, but 
it may hold important lessons. More· 
over, as long as we do not really know 
what a kugelblitz is, it holds out the hope 
that there is such a thing as a stable 
plasma configuration. 
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· we p ro b e d  switc h i n g  s p e e d  . . .  

d ev e l o p e d  t h e  f i rst p ract i c a l  

1 j.J s e c .  m e m o ry syste m 
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The Operation on President McKinley 

An hour after he was shot in 1901, McKinley underwent surge/�y. 
A recently discovered record kept by one of his doctors pro vides 

unsuccessful effort to keep hil1� alive a detailed account of the 

The waning summer of 1921 caught 
the U. S .  in a "back to McKinley" 
mood. Another handsome, genial 

Ohioan was in the White House, and his 
"front porch" campaign, a careful imita
tion of McKinley's, was still fresh in the 
mind. The unrest of the postwar decade 
had already begun, but the turbulence 
only intensified the longing for the old
fashioned Republican normalcy, per
sonified by Warren G. Harding.  

M emories of  McKinley were partiCll
larly keen in the pleasant little city of 
Kenosha, Wis., because on Labor Day it 
was recalled that one of the assassinated 
President's physicians was vacation ing 
in town. Sinoe the next day-Tuesday, 
September 6-would be the 20th anni
versary of the shooting at the Pan-Ameri
can Exposition in Buffalo, a local report
er interviewed Dr. Charles G. Stockton . 
The serene, white-mustached internist 
sat in a comfortable chair on the veranda 
of the house of his son-in-law's p'lrents. 
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EDITOR'S NOTE 

The author wishes to thank his 
colleagues Professor John T .  
Horton a n d  Professor Julian Park 
for their counsel on the historical 
aspects of this article .  Dr. Nathan 
Back, Dr.  Samuel Sanes, Dr. Jo
seph Sherman, Dr. Herbert A. 
Smith and Dr.  Philip B. Wels 
assisted him with the medical 
aspects. He also wishes to ac
knowledge the kindness of Mrs . 
Stockton Kimball in making avail
able to him the scrapbook of Dr. 
Charles G. Stockton, one of the 
physicians who attended Presi
dent McKinley after his shooting .  

by Selig Adler 

"Yes," he said, "it was my great privilege 
to attend President M cKinley in his last 
illness . . .. [He was] the best patient I 
ever had . . .. I am not a surgeon, but I 
was called to care for the medical aspects 
of the case." Stockton praised the emer
gency operation performed on the Presi
dent but explained that because the bul
let had damaged the patient's pancreas 
he was doomed. 

Stockton could have added a good 
deal more; no one else had in his posses
sion so complete a record of the shoot
ing and its aftermath : letters, newspaper 
accounts, magazine articles and profes
sional papers, gathered from all over the 
world and mounted in a thick scrapbook. 
The reticent physician did not choose, 
however, to tell all he knew. There was 
good reason for his restraint . Divergent 
opinions of the operation were still 
muted in the surgical clinics of the Uni
versity of Buffalo Medical School, from 
which Stockton had retired two years 
earlier after 31 years of distinguished 
service. The scrapbook was preserved by 
his grandson, Dr. Stockton Kimball, 
dean of the Medical School from 1946 to 
1958. Discovered in a closet some four 
years after Kimball's death in 1958, it 
was placed by Mrs .  Kimball in the hands 
of the author at fhe State University of 
New York at Buffalo. It casts a new light 
on the events following the shooting. 

The Pan-American Exposition, writes 
Walter Lord, "was one of the most 
imaginative of the great fairs that were 
currently the rage ."  Projected shortly be
fore the outbreak of the war with Spain, 
its main object was to promote New 
World cultural and economic unity by 
displaying products of Western Hemi
sphere ingenuity . The management of 
the exposition leased a large tract of land 
in the undeveloped northwestern sector 
of Buffalo, adj?ining the lake in Dela-

ware Park. When the exposition opened 
on May 1, 19(H, it was a remarkable. 
spectacle. With Spanish baroque as its 
dominant motif, it abounded in pastel 
missions, gilt-trimmed belfries and coral 
arcades. To add an authentic Latin touch 
the Royal Mexican Artillery Band was 
present. Victorian visitors were pleasant
ly shocked by bullfights and the dances 
of "Sefiorita Chaquita." At the far end 
of the exposition grounds lay the mid
way, where those not seeking to be 
shocked could view a captive balloon, an 
ostrich farm and a cyclorama of the 
Johnstown Flood . Towering above the 
grounds was the huge Electric Tower, a 
nightly reminder that Buffalo was only 
18 miles from Niagara Falls, the waters 
of which had recently been harnessed 
for the generation of electric power. 

A cool, damp summer kept the tota 
number of visitors below expecta

tion . In August, however, the weather 
improved, and the exposition's sponsors 
felt certain that the forthcoming visit of 
the President would stimulate attend
ance. McKinley, who had made his 
Canton, Ohio, home a summer White 
House, was anxious to make the trip; he 
regarded such fairs as "timekeepers of 
progress." His private secretary, George 
B. Cortelyou, was less' enthusiastic. Cor
telyou knew that in spite of the assassina
tion of two Presidents within 36 years, 
his chief would be guarded by only two 
Secret Service men. He was particularly 
worried about the public reception 
scheduled for Friday, September 6. T.he 
President had twice refused to cancel 
any of his plans. Taking what steps he 
could, Cortelyou put a third Secret 
Service man aboard the special train that 
left Canton on the morning of Wednes· 
day, September 4, and wired Buffalo tr 
ask for extra precautions. 
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WILLIAM McKINLEY, 25th President of the United States, posed 
for this photograph in his office at the White House at some time in 

1898, the second year of his first term. He was assassinated three 
years later, some 10 months after his election to a second term. 
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TEMPLE OF MUSIC at the Pan-American Exposition in Buffalo, 

N.Y., was the site of the public reception at which President Mc-

INTERIOR OF TEMPLE OF MUSIC is seen as it appeared on the 
day of the reception. The large flag at center marks the corner of 
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Kiuley was shot. This photograph, probably made on the day of the 
shooting, also shows the Horticulture Building, in the background_ 

the aisle of cloth-draped chairs along which the public passed. Mc
Kinley's approximate position was near the potted bay tree at right. 
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On its arrival the train of wooden 
Pullmans carrying the Presiden tial party 
was switched over to the special tracks 
leading to the exposition grounds, which 
it reached at 6 : 30 p.m. Factory whistles 
blew, brass bands played and cannons 
boomed as the engineer applied his 
brakes. An inexperienced artillery lieu
tenant fired his salute so close to the 
tracks that the concussion smashed the 
windows in one of the cars. Mrs. M c
Kinley, epileptic and excitable, was so 
upset that the President hurried the 
party along to the home of their host, 
John G. M ilburn, a prominent Buffalo 
lawyer and president of the exposition . 

Attendance at the exposition on 
Thursday, September 5, which had been 
designated President's Day, broke all 
records. McKinley's speech was an im
portant event in American history: the 
Civil War major who had hitherto staked 
his career on a "prosper America first" 
protectionism declared economic isola
tionism at an end and called for a recip
rocal tariff policy to promote internation
al trade. 

On Friday the President arose re
freshed and looking forward to a full 
day's activities that would include a trip 
to Niagara Falls and a trolley ride around 
.the scenic Gorge Route. After lunching 
at the International Hotel at the Falls, 
the party boarded a special train for the 
return trip to Buffalo. Reaching the ex
position grounds at 3 :30 p.m., the Pres
ident asked his physician to escort his 
wife to the M ilburn home while he made 
ready for the public reception. The re
ception was to be held in the Temple 
of Music, a building garishly decorated 
with mottled colors. The apprehensive 
Cortelyou had insisted that it last only 
10 minutes. 

A crowd (lueued up at the east en
trance of the Temple, awaiting the open
ing at 4 : 00 p.m. Inside the building the 
grand marshal of the exposition, Louis 
L. Babcock, had arranged an aisle that 
ran in a straight line to the center of the 
Boor and then turned at a right angle 
toward the south exit. At the bend of the 
aisle the President stood under a Bag
draped wooden frame Banked by potted 
palms and bay trees. His guard, totaling 
about 50 men, seemed adeyuate; at the 
last moment Babcock had added 11 en
listed men from the 73rd Coast Artillery 
to the Secret Service men, exposition 
guards and Buffalo detectives. Nonethe
less, a number of cardinal security pre
cepts were violated. The soldiers who 
helped the exposition guards to line the 
aisle were unarmed and untrained in 
police work. The obvious necessity of 

keeping a large space clear on all unpro
tected sides of the chief of state was 
entirely overlooked. The Secret Service 
men should have been standing next to 
the President, and they should surely 
have checked into the fact that a man 
standing in the line had his hand bound 
up in a handkerchief. 

The result of these oversights is per-
haps too familiar to require detailed 

repetition. McKinley, who prided him
self on a "50 a minute" handshake that 
firmly but gently prodded the recipient 
on his way, signaled to hurry the crowd 
along.  As Cortelyou was counting off 
the minutes remaining before the doors 
would be shut, two shots were fired; their 
sound was muffled by the handkerchief, 
which covered a .32-caliber revolver. 
The President shivered and doubled 
forward, clutching his white waistcoat. 
He muttered "Cortelyou" as the stunned 
secretary helped him to the nearest chair. 

There was a confused scrimmage on 
the Boor, during the course of which 
a large bystander seized the innocuous
looking redheaded young assassin and a 
detective punched him in the face. Leon 
F. Czolgosz was then handcuffed and, 
because of the distinct threat that he 
would be lynched, quickly taken from 
the exposition grounds. Pronounced sane 
and responsible by five alienists, the 
pre-Freudian term for psychiatrists, he 
was declared "the product of anarchy" 
and received "swift and decent justice" 
some seven weeks later in the electric 
chair at the prison in Auburn, N.Y. 

Today it would seem that the alienists 
paid too little attention to the question 
of Czolgosz' sanity. Lincoln was assas
sinated in an "age of hate," when the 
passions generated by four years of war 
were almost irrepressible. Garfield was 
killed in an era of intense partisan strife. 
Correspondingly, Czolgosz was believed 
to be motivated by a dangerous foreign 
ideology whose proponents were said to 
be associated with the assassins of the 
Empress of Austria-Hungary, the Presi
dent of France, the King of Italy and the 
Prime Minister of Spain. There is evi
dence, however, that Czolgosz had de
termined to kill the President before he 
decided he was an anarchist. This latter 
idea appears to have been a delusion: 
the anarchists with whom he came in 
contact regarded him as a spy. To make 
matters worse for him, McKinley was an 
amiable man who was widely held in af
fectionate esteem, even by his political 
opponents. A clue to these sentiments is 
provided by the fact that the minister 
who presided over the Washington fu-

neral services for M cKinley said from his 
pulpit on September 8 that if he had 
been present at the shooting he would 
have provided the leadership the crowd 
needed for an on-the-spot hanging. 
Shortly after Czolgosz' remains were de
stroyed by a carboy of sulfuric acid 
poured into his open grave, two distin
guished Boston physiCians disclosed that 
he had suffered a severe mental depres
sion three years before the assassination. 

The first physician to arrive on the 
scene after the President had been 

shot was George M. Hall of the S anitary 
Staff of the exposition. M cKinley was 
carried by stretcher to a motor ambu
lance, which then clanged its way 
through a silent crowd to the exposi
tion's Elmwood Avenue entrance. Here 
stood the tiny Exposition Hospital,' 
staffed by interns, senior medical stu
dents and half a dozen nurses who served 
in rotation. Intended only for emergen
cies, it was scarcely equipped for major 
abdominal surgery. After the wounded 
President had been placed on the oper
ating table and been undressed, a senior 
medical student, Edward D. M ann, or
dered a nurse to administer an injection 
of morphine and strychnine to ease the 
pain and quiet the patient for possible 
surgery. Mann was the son of Buffalo's 
leading gynecologist, and it is quite pos
sible that as the frantic hunt for sur
geons began he told the President's host 
John M ilburn where his father could be 
reached. 

Twenty-two minutes elapsed before 
the first surgeon arrived at 4:45 p.m . He 
was Dr. Herman Mynter, who had 
served in the medical corps of both the 
army and the navy in his native Denmark 
before he migrated to Buffalo in the 
middle 1870's. Recalling that he had 
chatted with Mynter the day before, Mc
Kinley smiled wanly and said: "Doctor, 
when I met you yesterday, I did not 
imagine that today I should have to ask a 
favor of you." Mynter's examination re
vealed that the wound was deep and re
affirmed the opinion of other physicians 
present that immediate surgical inter
vention was necessary. The President 
was informed of the decision; conscious 
and composed, he gave permission for 
the operation. 

So far no decision had been made as 
to who was to be in charge. Cortelyou 
told Milburn : "you know all these men. 
When the right one arrives, tell me." A 
few minutes later Dr. Matthew D. Mann 
walked in briskly and M ilburn whis
pered: "That is the man for the opera
tion." Mann quickly chose Mynter and 
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LEON F. CZOLGOSZ was about 28 years old when he shot and killed McKinley. This photo. 

graph of him was made several years earlier. He was executed seven weeks after the shooting. 

IVER JOHNSON .32 CALIBER REVOLVER was concealed by Czolgosz in a handkerchief. 
Czolgosz fired two bullets; one bullet (second from right) was dellected and later recovered. 
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other assistants and they scrubbed up in 
haste, not waiting to cover their heads 
and whiskers with caps and masks. 

B om in Utica, well trained in this 
country and abroad, M an n  was 56 

years old and at the height of his career. 
Called to Buffalo from the Yale Medical 
School, he had won wide recognition in 
the teaching and practice of gynecology. 
He did not limit his practice to gynecolo
gy and obstetrics, but he was not expert 
in surgery of the upper abdomen, and 
there is good reason to believe that he 
had never operated on a gunshot wound. 
A "beautiful operator" whose neatness 
and speed were admired even by those 
who resented his petulance, M ann be
longed to the old school of antisepsis. Al
though he was not unaware of the asep
tic surgery that followed the discoveries 
of Louis Pasteur, he was still attached to 
the "carbolic acid" system of Joseph 
Lister, which sought to cleanse a wound 
rather than to prevent bacterial invasion 
of it. 

It  is possible that M ann's extreme self
confidence kept him from insisting that 
Mynter, who had had much more ex
perience with such cases, perform the 
operation. On the other hand, much can 
be said for M ann's insistence on imme
diate surgical intervention with equip
ment he knew was inadequate. To have 
removed the patient to the newly built 
operating amphitheater of the Buffalo 
General Hospital and to await there the 
arrival from Niagara Falls of the most 
skilled general surgeon in the area, Dr. 
Roswell Park, would have been gambling 
on a possibly concealed hemorrhage and 
might have involved increased risk of 
postoperative peritonitis. If M ann ahd 
Mynter had time for any reflection, they 
may have recalled that recently pub
lished medical statistics had warned that 
in such wounds the longer the delay, the 
worse the prognosis. The experience of 
the recent Spanish-American and Boer 
wars favored conservative treatment for 
abdominal wounds caused by rifle bul
lets, but soft lead pistol bullets of low 
velocity introduced other considerations. 
Projectiles of this kind made ragged 
tears and were likely to carry infectious 
agents in their passage through the body. 
It was generally conceded that such 
wounds demanded immediate and radi
cal treatment, although only 17 years 
had elapsed since the Swiss surgeon 
Dr. Emil Theodore Kocher had per
formed the first successful operation for 
gunshot wound of the stomach. M ann 
decided that any delay might result in 
the President's death. 
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HERMAN MYNTER was the first surgeon 
to arrive after the shooting. He reaffirmed 

the opinion of the physicians already pres· 

ent that immediate surgery was required. 

All accounts agree that the operation, 
which was begun at 5: 20 p.m., was per
formed under heavy handicaps, the 
heaviest of which was the lack of proper 
surgical equipment. Of the two bullets 
fired by Czolgosz, one had been de
flected from the breastbone. The other 
had entered five inches below the left 
nipple, perforating both front and back 
walls of the stomach. M ann opened the 
peritoneum and found the bullet hole in 
the front wall of the stomach. He had to 
enlarge the incision to get at the back 
wall, but he was unable to follow the 
track of the bullet any farther. All those 
present roncurred in his decision to stop 
probin6; the President's pulse was weak
ening and signs of shock were apparent. 
At this point Mann probably should 
have risked further exploration; subse
quent developments were to prove that 
damage had been done beyond the stom
ach. It is possible that a surgeon better 
aC(luainted with firearms would have 
known that a jacketless bullet does in
creasing harm as it makes its relatively 
slow way through tissue. M ann, how
ever, followed the accepted axiom that 
"a bullet after it ceases to move does 
little harm ." He found no intestinal 

MATTHEW D. MANN, a well.known gyne· 

cologist, arrived a few minutes after Mynter 

and was rhosen to operate on McKinley. 

His assistant in the operation was Mynter. 

wound or damage to the structures be
hind the stomach; he therefore assumed 
that the bullet had passed, without do
ing further serious damage, into the 
muscles of the back. 

Mann trimmed the tissues around the 
bullet track in the abdominal wall and 
closed the surgical incision moderately 
tight. He had already sutured the stom
ach perforations with fine black silk and 
had irrigated the stomach wounds with 
hot salt solution . Because he believed 
that drainage was not indicated he de
cided against this procedure-a decision 
later deplored by his critics . 

C'anting the assumption that removal 
of the patient to an established hos

pital would have involved undue risk, a 
good deal can also be said in favor of 
the procedure adopted by M ann. Doc
tors in those days usually carried their 
own instruments to operations, but M ann 
had arrived at the exposition grounds in 
response to a vague call  that did not 
specify either the patient or the nature 
of his illness. He used the instruments 
in Mynter's pocket case, and not until 
the operation was almost over did he 
learn that Roswell Park's instruments 

ROSWELL PARK, a noted surgeon, would 

have been chosen to operate if he had 

been available, but he did not arrive until 

shortly before the operation was completed. 

were in the anteroom. They had been 
brought there on the insistence of Park's 
trusted housekeeper, who had told the 
messenger seeking her employer that he 
usually carried this case with him to op
erations. M ann was forced to work with
out retractors and in the dim light of a 
low-windowed room shielded by awn
ings. Moreover, he found the stout Pres
ident's abdomen so protuberant that he 
was operating at the darkened end "of 
a big hole"-a factor that seriously im
peded the search for the terminus of the 
bullet track. The handicap of poor visi
bility was partially overcome by the ar
rival of M cKinlev's personal physician, 
Dr. Presley M arion Rixey, a peppery, 
bushy-mustached naval surgeon from 
Virginia. He immediately made himself 
useful by trying to direct the fading 
sunlight into the incision with a mirror, 
and later by rigging up an electric light. 

Before M ann had completed the oper
ation one of the most resourceful sur
geons in the country arrived at the scene. 
Under the circumstances he could only 
concern himself with minor postopera
tive arrangements . He was Roswell Park, 
the son of a Connecticut minister and 
sometime college president. Reared and 
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VICE·PRESIDENT THEODORE ROOSEVELT briefs reporters on the condition of the 

President, who had been moved to the home of John G. Milburn, president of the exposition. 

SECRETARY OF THE NAVY JOHN D. LONG is questioned by reporters after leaving the 

Milburn home. McKinley appointed Long, a former governor and congressman, in 1897. 

SENATOR MARK HANNA, with cane, converses outside the Milburn home. At center 

is Secretary of Agriculture James Wilson and at right Senator Charles W. Fairbanks. 
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educated in the Middle West, Park had 
rounded out his professional training in 
Europe and become a pioneer practi. 
tioner of aseptic surgery in the U.S. 
Called to the University of Buffalo chair 
of surgery 18 years earlier, Park, at 49, 
was handsome, vigorous, erudite, versa· 
tile, witty and unusually handy with 
surgical instruments because he was am
bidextrous. As medical director of the 
exposition and the recognized dean of 
general surgeons in the area, Park would 
in all probability have been chosen to 
operate had he been available earlier. 
Shocked by the mismanagement of the 
Garfield case, he had written and lec
tured on the treatment of gunshot 
wounds. He had long stressed the neces
sity of surgery extensive enough to in
clude debridement-the removal of in· 
jured or contaminated tissue-of the 
entire bullct track and full drainage. 

Park had gone to Niagara Falls that 
Friday to remove some cancerous nodes 
from the neck of a Mr. Ransom. In the 
midst of this delicate procedure his as· 
sisting surgeon informed him of the 
shooting in Buffalo and told him that he 
was wanted at once. Park refused to 
leave until he was certain that he had 
done all in his power for his patient and 
could entrust him to the care of another 
surgeon. When he arrived at the Niagara 
Falls railroad station, he was disappoint· 
ed to find that there was no special train 
ready for him. He had to wait ulltil 
the next M ichigan Central train came i'1 
from Detroit. He boarded it and got off 
at Black Rock in northwestern ilufhlo, 
where, after another delay, a special 
engine cal'ried him to the exposition 
grounds. 

park removed his suit coat, scrubbed � up hastily and found M ann ready to 
suture. Mynter advised a drain throLgh 
the surgical incision, but when Park 
was consulted, he replied that Mann 
alone had the intimate knowledge of 
the details that must control the choice. 
Subsequently Park reasoned that the de
cision not to drain was "probably un
fortunate," that this omission allowed 
seepage of the pancreatic juices that 
ultimately proved fatal. According to 
Julian Park, the son of Roswell Park 
�nd long the dean of the University of 
Buffalo College of Arts and Sciences, it is 
possible that his father was taken by sur
prise by the immediate decision con
fronting him and offered his criticism 
only in hindsight. In the light of all the 
evidence, however, another explanation 
is more plausible. Roswell Park felt that 
Mann and Mynter had operated in un-

. --: 
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due haste; their preliminary examination 
should have convinced them that the 
President, with a pulse of 84, was in 
no immediate danger. M cKinley, Park 
stated privately to a few close friends, 
should have been taken at once to the 
Buffalo General Hospital. Although he 
thought that Mynter was better equip
ped to do this kind of surgery, neither 
M ann nor Mynter, to use his words, "had 
ever practiced posterior, or through-and
through, drainage of the upper abdo
men." Nor is it certain tbat even the in
genious Park could have accomplished 
this unusual kind of drainage with a man 
of M cKinley's girth, handicapped as he 
would have been by poor lighting and 
meager equipment. Park's most trench
ant criticism, it now appears, was against 
the decision to operate at the exposi
tion grounds, wher� complete drainage 
would have been impossible at the hands 
of men inexperienced in the techni(lue. 
At the time he probably held his peace 
because the kind of drainage he really 
wanted would have necessitated a tour 
de force at the operating table, and that 
w·as entirely out of the question. 

A curious event reinforced Park's opin
ion, although it certainly does not prove 
that with different treatment McKinley 
would have recovered. A few weeks 
later a young woman in' Buffalo attempt
ed suicide in a bizarre manner. Having 
read detailed accounts of M cKinley's 
shooting, she marked a spot on her abdo
men and shot herself there. Park, who 
treated her, found her wound remark
ably similar to the President's : the bullet 
had penetrated both walls of the stomach 
and had passed on to injure the pancreas. 
Park made a clean incision of the entire 
track and drained it from front and back. 
The patient recovered. 

This clinical test of Park's theory came 
after the fatal termination of the Pres
ident's case. At 6 : 31 p.m. on Friday, 
September 6, the doctors were cautiously 
optimistic as they acquiesced to the Pres
ident's request that he be taken to the 
M ilburn home for convalescence. M c
Kinley was groaning audibly as he was 
carried into the house to a master bed
room that had been made ready for his 
arrival by two experienced nurses. "The 
result," stated the physicians in their 
first official bulletin, "cannot be foretold. 
The condition at present justifies recov
ery." This hope was not overoptimistic; 
Mann had worked quickly and the pa
tient had withstood the operation well. 
The period of waiting had begun. 

By S aturday morning the intersec
tion beside the M ilburn house had ac
quired the appearance of a military out-

ULook yonder} friend Sancho, . () 

there are at least thirty outrageous Giants, whom I intend 

to encounter; and having depriv'd them of Life, we will 

begin to enrich ourselves WIth their Spoils, for they Me 

lawful Prize ... " 

At the outset, let us dispel confusion. Allegorically, the wind· 
mills are the problems of manufacture, manipulation and as .. 
sembly of tiny ... in the millionths of an inch ... components; 
The Don is he who unnecessarily attempts, on his own, to build 
equipment for said purposes; the Spoils ... well, we all like to 
make a buck! 

The key word is unnecessarily! Taking a f'r instance, the manu" 
facture of semiconductors and microcircuits, K & S has ma
chines* for aligning masks and wafers prior to forming special 
semiconductor geometries, for cutting, scribing and breaking 
wafers into, say, 0.05" square dice, for measuring the resistivity 
of such individual dice at up to 6,000 pieces per hour, for bond
ing dice to headers, and for bonding hairlike wire to these devices 
. .. in many cases with a precision of 20 millionths of an inch 
or better! 

. 

So, if you're in electronics, you'd just naturally turn to Kulicke 
and Soifa, and forget the windmills. If your specialty is some 
other tiny device, component or assembly, you'll eventually turn 
to K & S anyway, so you might just as well call us now. 

Don't look yonder, friend Sancho ... look hither, to K & S. 

*Our Department of Modesty and Humility argues constantly over what 
to call our products. The dilemma ... they're precise enough to be called 
instruments; they're handy enough to be called tools; they produce s� fast, 
they should be called machines. 

KULICKE and SOFFA 
MANUFACTURING COMPANY 

135 COMMERCE DRIVE. INDUSTRIAL PARK· FORT WASHINGTON, PA.· 215-646-5800 
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CROWD OUTSIDE THE MILBURN HOME awaits news of Presi· 

dent McKinley's condition. The watch was punctuated hy morning, 
afternoon and evening medical hulletins, and by the arrivals of cab· 

inet members, senators, congressmen and other Government officials. 

post. On orders from the War Depart
ment the 14th Regiment, which had just 
returned from the Far East, camped in a 
vacant lot across the street and took up 
sentry duty to prevent all unnecessary 
disturbances. A special wire connected 
the Milburn house with the White 
House . Reporters wrote their stories in a 
nearby tent. M cKinley's chef and house 
servants were brought from his private 
Pullman in the railroad yards; they were 
sorely needed for the 140 meals some
times served daily to high Government 
officials who rushed to Buffalo after the 
shooting. Cabinet members made their 
headquarters the Buffalo Club, where a 
special wire to the M ilburn residence 
kept them informed of developments in 
the President's struggle for life . 

Not many. hours passed before the 
1 watch over the wounded President 
had become routine. There was little 
tedium, however; hardly an hour went 
by without the arrival of some celebrity. 
Excitement would mount shortly before 
the release of the morning, afternoon 
and evening medical bulletins. At first 
the doctors, apprehensive of blood poi-
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soning or peritonitis, were cautious; they 
let the public make what it could of 
temperature readings, pulse and respira
tion rates, urinalyses and blood counts. 
An elimination-conscious generation re
ceived a full description of the varied 
and numerous enemas and cathartics ad
ministered to the patient. 

Park had been told by the President's 
physician, Rixey, that he considered him 
in charge of postoperative care . The sit
uation, however, was delicate; since Park 
had not performed the operation he was 
reluctant to inh·ude. This was perhaps 
unfortunate, if only for the reason that 
Park was habitually cautious in prog
nosis. The situation changed on Sunday 
with the arrival in Buffalo of one of the 
nation's outstanding abdominal surgery 
consultants, Dr. Charles M cBurney of 
New York. A dozen years earlier Mc
Burney had pioneered the diagnosis and 
cure of appendicitis. "M cBurney's point" 
of tenderness in the abdomen was a 
household medical word, and his cele
brated small incision for appendicitis 
had been widely imitated. After M c
Burney had examined the President 
twice, the bulletins to which his signa-

ture was now added became increasingly 
optimistic.  On Monday the newspaper 
accounts written by the more enthusias
tic reporters promised recovery. 

Stating categorically that he found no 
evidence of peritonitis, M cBurney called 
the operation "the epoch of the century 
in surgery." Such an unfavorable symp
tom as a persistently rapid pulse was ra
tionalized as being natural to M cKinley's 
constitution; his elevated temperature 
was also declared not alarming. When 
M ann and Mynter tried to suggest to re
porters that the crisis was not yet past, 
M cBurney interrupted their conversa
tion and talked of moving the President 
to the White House within a matter of 
weeks. His remarks were embroidered 
in the newspapers; in one account it 
was said that the bullet rested in a place 
in M cKinley's back where it  could not 
have shortened M ethuselah's life by a 
single day. 

By Wednesday, September 11, the 
news was so cheery that Vice-President 
Theodore Roosevelt, reassured by Mc
B urney, left on the morning train for 
New York. Cabinet members also made 
their departure, confident of full re-
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covery. Before he too left, McBurney 
declared that the door had been locked 
against the "grim monster of death" 
by a triumph of American medical skill. 

Bulletin No. 26, issued after Mc
Burney's triumphal departure, described 
McKinley's condition as being excellent. 
The President was changed to a fresh 
bed and given some beef broth, which he 
welcomed as "a luxurious luncheon ." 
This optimism continued throughout 
Wednesday afternoon, although the 
truth was that the patient had been fed 
by mouth only because he was unable 
to retain any more "nutritive enemas" 
of egg and brandy. Moreover, the sur
geons had been forced to remove some 
of the stitches around the incision be
cause of the breakdown of tissue. The 
fear of peritoneal infection was dissipat
ed, however, when a norm al blood count 
and good peristaltic sounds in the abdo
men seemed to indicate that the danger 
had passed. 

M cBurney, speeding east on the Em
pire State Express, had not reached Al
bany before the Buffalo physicians noted 
a change. "1 am tired, so tired," Mc
Kinley muttered. He had not digested 
somc chicken broth, toast and coffee. 
Searching for the trouble, his attendants 
noted a jump in the pulse rate and a 
weakness in the heart sounds. The sur
geons, sharing the belief of the day that 
the contents of the bowel were toxic and 
could cause intestinal poisoning, called 
in Charles Stockton for consultation. 
Stockton, a stomach specialist, promptly 
ordered a dose of calomel on top of the 
castor oil that had ah'eady been pre
scribed. When by Wednesday evening 
the patient had still not completely elimi
nated the food he had eaten, he was 
given an additional dehydrating cathar
tic and enema. After McKinley grew 
faint as a result, Stockton resorted to 
heart stimulants. 

On Thursday afternoon the patient 
took a much sharper turn for the 

worse. A heavy rain drenched the mili
tary encampment opposite the Milburn 
house, but the rain-soaked sentries con
tinued to pace their beats. Soon the word 
spread that a frantic hunt had begun for 
the Vice-President in the wilds of the 
Adirondacks and that Senator M ark 
Hanna was racing to Buffalo from Cleve
land on a special train that was destined 
to break all previous speed records for 
the run. 

Horses galloped up to the house and 
away from it all Thursday night, their 
hoofs ringing out on the asphalt. Oc
casionally an automobile chugged up to 
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the picket line; with each new arrival the 
newspapermen rushed from their tent. 
So it went on Friday the 13th, until the 
6 : 30 p.m. bulletin announced that "the 
end is only a question of time." The 
President had already murmured, 
"Good-by, all, good-by," when a car
riage raced up to the Milburn house. 
M cBurney leaped to the ground, but one 
glance at the waiting reporters told him 
that the President was beyond help. 
The hushed crowd outside watched the 
flickering light in the President's room 
until 2 :  15 a.m. on Saturday, September 
14. At that hour Cortelyou descended 
the broad staircase and with a tear
choked voice said : "Gentlemen, the 
President has passed away." 

The autopsy that followed McKinley's 
death answered few questions and 

raised many doubts. Conducted by a lo
cal pathologist in the presence of physi
cians representing the Government, the 
family and the medical profession, the 
post-mortem was halted by M rs. Mc
Kinley before the bullet could be lo
cated. Coroner James T. Wilson over
simplified the findings by a notation on 
the police blotter that William M cKin
ley, occupation President of the United 
States, died at 1168 Delaware Avenue 
of "gangrene of both walls of the 
stomach and pancreas following gunshot 
wounds." Published details of the four-

hour autopsy, however, gave rise to 
questions that have never been fully 
answered. 

The surgical incision showed the in
fection for which it had been opened on 
the sixth day after the operation. No free 
pus was found in the peritoneum, which 
explains the failure of the physicians 
to note the usual symptoms of serious 
postoperative complications. There was, 
however, gangrene in the bullet track 
behind the back wall of the stomach. 
The upper portion of the left kidney and 
the adjacent adrenal gland had been 
damaged by the bullet, but this trauma 
was not considered important. The chief 
post-mortem finding was the injury of 
the pancreas, with complications. There 
was a definite fatty change of the heart, 
a condition that some thought respons
ible for the rapid postoperative pulse 
rate and terminal cardiac failure. This 
evidence, however, was far from suffi
cient to justify M ann's verdict : that 
many years of sedentary life had weak
ened the President's vitality to the point 
where nature failed to provide a normal 
healing process. 

The united front carefully maintained 
by the physicians during the course of 
the illness now fell apart. Mynter, when 
asked what went wrong, replied bluntly : 
"I wish you could tell me. "  Park main
tained that the secretions and toxic prod
ucts escaping from the pancreas had re-

suIted in terminal toxemia. Confusion 
was compounded when Dr. Eugene 
Wasdin, present at both the operation 
and the autopsy, declared publicly that 
only a poison-tipped bullet could have 
produced such massive necrosis. Inas
much as anarchists were known to use 
poisons, there was much speculation on 
this score until it was disproved. In the 
light of our present knowledge, accord
ing to a leading pathologist, fluid and 
electrolyte imbalance must also be taken 
into account in explaining the unexpect
ed fatal outcome. In passing judgment 
on M cKinley's physicians one must al
ways recall the limitations under which 
they worked. Laboratory determina
tions for measuring changes in body 
chemistry, intravenous feedings, blood 
transfusions, antibiotics, effective post
operative techniques and medical ther
apy for acute damage to the pancreas 
all had to wait for the future. 

Certain medical circles in New York 
City now charged the "provincial" 

Buffalo surgeons with egregious mis
takes in diagnosis, faulty laboratory 
work that failed to detect the gangrene, 
limited knowledge of possible complica
tions and, during postoperative care, 
wholesale ignorance of the true nature 
of the lesions. Although such charges 
were disavowed by the majority of the 
medical journals, many reckless accounts 
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temperature and pulse readings were discontinued shortly before 
a bulletin announced that "the end is only a question of time." 
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were based on them by the newspaper 
reporters of this heyday of overcompeti
tive journalism . It is scarcely surpris
ing that Medical News published the 
prayer : "From attendance on persons 
in high political position, spare us, 0 
Lord ." 

The M cKinley funeral train had hard
ly left the city when lawyers entered the 
affair. Ansley Wilcox, a leading Buffalo 
attorney at whose home President Theo
dore Roosevelt had been sworn in, was 
stirred to action by a nasty article in 
Joseph Pulitzer's New York World. Wil
cox sent a round-robin letter to M ann 
and his associates, warning them that 
they were being slandered. He urged 
them to meet for sound legal advice in 
order to "save the profession and the 
city" from discredit . Meanwhile the Buf
falo press issued a counterbroadside rid
iculing the "big city" physicians who 
could produce no better representative 
than the fallible M cBurney. Some New 
York City newspapers repcated dark 
hints that McBurney's optimism was a 
ruse to bolster the stock market for 
a "well-known New York commercial 
magnate. " In the parlance of 190 1 this 
meant J. P. Morgan, whose name was 
then a synonym for tricky Wall Street 
manipulations. Thanks to Wilcox' ef
forts, the Buffalo physicians issued a 
statement published throughout the 
world. They denied serious disagree
ment, affirmed that conditions prior to 
the sixth day had warranted a favorable 
prognosis and repeated their contention 
that everything had been done to pre
vent the ultimate catastrophe . 

In retrospect the similarities and con-
trasts between the M cKinley and 

Garfield assassinations are striking. Both 
crimes were committed by disturbed 
cranks, sane only in the narrow legal 
sense of the term . Charles J .  Guiteau, 
who shot Garfield, had a tedious trial in 
the course of which the prosecution ap
peared to be seeking fame by taking 11 
weeks to prove the obvious. In contrast, 
Czolgosz' prosecutor, with the tacit con
sent of the two retired judges who acted 
as defense counsel, made short work of 
the trial and execution.  Both Presidents 
were shot twice and in each instance one 
bullet caused minor damage. There is 
little doubt that the management of Mc
Kinley's case was influenced by the fail
ure of Garfield's doctors to decide on im
mediate surgery . Mann remarked that 
if he and his colleagues had not acted 
promptly the world would have repeated 
the question asked after Garfield's shoot
ing in 1881 : "Why don't they do some-
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SERVO DESIGNERS ! 

D O ES TH IS  H ELP  YOU 
C L O S E  TH E LOOP ? 

If so, it's the basic kind of SERVO
MATCHING information soon to be 
available on General Electric high

performance servo components. Per
formance data like this, expressed in 
transfer functions, will save you time 
you now use in selecting components 
for servo systems. 

G.E.'s Power Amplifier featured here 
is ideal for position or speed servo 
drives. And if you're engaged in en
gineering servos for ground support 
equipment including ANTENNAS, 
TRACKING EQUIPMENT FOR 
CAMERA OR FIRE CONTROL, 
A U T O M AT I O N  M A C H I N E R Y, 
ETC., other G-E high-performance 

SERVO-MATCHED components are 
ready to work for you. Among them : 

• I nd ustrial D-C Motors 

• Compensated D-C Motors 

• Eddy-current Couplings 

• I n dustrial D-C Generators 

• Compensated D-C Generators 

• Laminated D-C Generators 

• Amplidyne Power Amplifiers 

SERVO-MATCH E D  i n  your system, these 

G·E components can provide: 

• rapid response 

• zero gear backlash 

• low inertia 

• high overload capacity 

• high gain 

• low inductance 

• low ripple 

• high reliabi lity 

Whatever the application, your servo 
system will benefit from G-E servo 
technology . . .  whether G.E. furnish
es the high-performance drive com

ponents, packaged drive system or any 
integral performing block. B2B-0l 

SEE G.E.'S DESIGN 
AND APPLICATION ENGINEERS 
AT BOOTH 2928-30, IEEE SHOW! 

G E N E R A L  e E L E C T R I C  
D irect Cu rrent Motor and Generator Department 

Erie,  Pen nsylvan ia  

1 3 0  

thing?" Although the wounds o f  Garfield 
and McKinley were not at all similar, the 
autopsies revealed that while both men 
were alive the doctors did not know 
where the fatal bullet had stopped.  In 
1881,  with X rays still undiscovered, 
Garfield's doctors, after unhygienic 
probing, tried unsuccessfully to locate 
the bullet by electromagnetic induction 
and by dissecting bullet-riddled cadav
ers similar in build to the President. 
These crude techniques failed to reveal 
that the slug was only three inches from 
its point of entry in the lower back. 
Twenty years later there was an X-ray 
machine on display at the Pan-American 
Exposition near the Emergency Hospi
tal, but it was not brought in. Later Mc
Kinley's doctors decided that it was not 
necessary to use the X-ray equipment 
sent to Buffalo by Thomas A. Edison . 
Thus when they failed to find the bullet 
even at autopsy, they were subject to 
severe criticism.  

There were also similar disputes about 
medical fees following the death of the 
two distinguished patients. After a good 
deal of distasteful bargaining, Congress 
had paid $27,500 for the medical fees 
incurred during Garfield's protracted 
fight for life. In 1901 M ann was widely 
criticized for asserting that M cKinley's 
doctors had been retained by Govern
ment officials rather than the family . He 
added tactlessly that "the dignity of the 

medical profession demands that Con
gress pay their bill, and that the services 
should be handsomely rewarded." The 
physicians were accused of trying to 
"mulct" the public treasury by refusing 
to render a bill to the executors of the 
late President's rather modest estate . 
Congress eventually appropriated a sum 
not to exceed $45,000 for M cKinley's last 
medical expenses. Out of this sum the 
Treasury Department allotted M ann 
$10,000, Mynter $6,000, Park and M c
Burney $5,000 each and Stockton 
$1 ,500. 

In one fortunate respect, however, the 
history of the Garfield case was not re
peated . Dr. D. Willard Bliss of Wash
ington, in charge of the 1881 group of 
doctors, lost his lucrative practice and 
died a poor man. M any of his colleagues 
also suffered professionally. M ann's rep
utation was undamaged and his success 
continued until his death in 1921 .  The 
M cKinley case probably enhanced the 
standing of Park, because there was al
ways a strong belief in local circles that 
he could have saved the President. Nor 
did M cBurney's faulty prognosis harm 
his later career, which ended just before 
World War I .  The last survivor of Presi
dent M cKinley's principal physicians 
was Stockton, who died in 1931 .  Thanks 
to his foresight in preserving the details, 
we have this "bedside" view of a surgical 
episode in American history. 

PRESIDENT McKINLEY lies in state at City Hall in Buffalo, on Sunday, September IS. His 

funeral train traveled to Washington, D.C., and then to Canton, Ohio, where he is buried. 
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MICROSCOPIC APHID STY LETS (vertical orange streak at the 

bottom of this photomicrograph) penetrate a single cell in the 

phloem, or sugar·conducting tissue, of a linden tree. High internal 

pressures for("e the sap through the stylet bundle into the body 

of the feeding insect. The direction of normal sap How is perpendic· 

ular to the plane of this section. Magnification is 2,250 diameters. 
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How Sap Moves in Trees 

It lS L�fted up to the leaves and flows down with the products 

of photosynthesis. It can now be delicately sampled by tapping 

the tiny stylets that a feeding aphid pushes into a single cell 

The topmost leaves of a tree reach 
for the sunlight dozens and some
times even hundreds of feet in the 

air above the deepest-probing rootlets 
in the ground. From root to leaf an 
ascending stream of water maintains the 
living tissues of a tree in the aquatic 
environment in which plant life origi
nated and in which more primitive 
plants still flourish. From leaf to root a 
descending stream of water bears car
bon, fixed by photosynthesis in sugar 
compounds, to build the supporting 
structure of the tree. Aquatic plants that 
live entirely submerged do not need a 
water-conducting system or a self-sup
porting structure. Practically every part 
of the plant is capable of photosynthesis, 
and the cells absorb water and minerals 
directly from their surroundings. The 
specialization of tissue to leaf, stem and 
root came with the conquest of the land. 
As the competition for sunlight carried 
the leaves farther and farther from the 
source of water and minerals in the 
ground, no evolutionary development 
was more decisive than that of the two
way water transportation system that 
appears in its fullest elaboration in the 
tree. 

The mechanism of the ascending 
stream-which in a tree such as the 
Douglas fir can lift a prodigious quantity 
of water more than 200 feet above the 
ground-was the first to attract the curi
osity of investigators. The problem of 
"the ascent of sap" can now be regarded 
as solved in its essentials, although many 
questions remain. The water moves up
ward, driven by more or less straightfor
ward physical forces, through open con
duits formed by cells that have died. 
What drives the return stream from the 
leaves is not nearly so well understood, 
even though the movement is largely 
downward. Significantly, the cells that 

by ,\lartin H. Zimmermann 

convey this stream have not lost their 
living cytoplasm; physiology as well 
as physics appears to be involved. For 
some of the insights into this process that 
have been gained in recent years, inves
tigators are indebted to the aphid, an in
sect that feeds on the products of photo
synthesis in the stream. 

In most trees the water-conducting 
tissue, called the xylem, and the tissue 
that transports the products of photo
synthesis, called the phloem, appear as 
distinct systems. Both derive from the 
cambium, the thin layer of actively grow
ing cells between the bark and the wood. 
The life cycle of the xylem moves inward 
into the wood to form the water-conduct
ing conduits and the heartwood of the 
tree, while the life cycle of the phloem 
moves outward to form its channels in 
the innermost layers of the bark. In an
other large class of plants, which in
cludes the stately palm as well as the 
grasses and lilies, the two systems can 
be distinguished only under the micro
scope, because the strands of xylem and 
phloem are joined in conducting bundles 
distributed throughout the cross section 
of the stem. Movements in the two sys
tems are mostly in opposite directions, 
but in some cases movement is in the 
same direction: growing shoots and 
fruits have to be supplied by both sys
tems Simultaneously. 

I t is a remarkable fact that the xylem 
cells fulfill their vital function only 

after their death. By the consequent loss 
of their cytoplasm and the cytoplasmic 
membrane that segregates one from the 
other during growth they form continu
ous conduits. This, however, is only one 
of the steps in the transformation that 
prepares them for their function. Living 
cells possess a certain rigidity due to the 
turgor of the fluid contents enclosed in 

the cell membrane; this turgor is of 
course lost with the disappearance of the 
membrane. Before the xylem cells die 
their cell walls are greatly strengthened 
with cellulose fibrils and encrusted with 
lignin. The resulting structure, compara
ble to reinforced concrete, prevents col
lapse of the cells when water is pulled 
through them. Thus the xylem serves a 
dual function: it not only conducts water 
but also provides the plant with struc
tural rigidity. It is as though the plumb
ing system of a house were used as its 
structural framework as well. 

The xylem of the conifers (needle
bearing trees, such as the pine and 
spruce) shows these trees to be some
what less advanced on the evolutionary 
scale than the deciduous, or broadleaf, 
trees. It is composed of spindle-shaped 
tracheid cells that overlap one another 
along their thinner end portions. Water 
connection between one cell and the 
cell next in line is provided by small 
holes called "bordered pits," which al
low the passage of water but trap bub
bles of air [see illustration on page 135]. 
The wood of the more highly developed 
broad leaf trees shows the result of 
another evolutionary breakthrough-a 
quite literal one. Butted end to end, the 
water-conducting cells have partly or 
completely lost their transverse end walls 
and so form capillaries up to several 
meters in length. At the same time 
special fibrous elements have evolved to 
give the tissue extra mechanical strength. 

In certain trees in the early spring, 
before the leaves are out, water can be 
found moving in the xylem under posi
tive pressure. If the xylem of the sugar 
maple is punctured, for example, the sap 
will flow from the wood. The maple 
sirup and the sugar that can be boiled 
from the sap show that it is rich in 
reserve products of photosynthesis that 

13 3 

© 1963 SCIENTIFIC AMERICAN, INC



have been stored during the previous 
growing season, ready to support the 
growth of shoots in the spring. The 
presence of these materials in the sap of 
the maple and other trees contributes to 
the positive pressure-a high osmotic 
pressure with respect to the water in thc 
ground, which forces the water inward 
and upward through the trunk. 

During most of the vegetation period, 
however, water is pulled up into the 
trees and the pressure in the xylem is 
lower than that of the atmosphere. 
Under the right circumstances, when 
the xylem is cut, one can even hear the 
hissing sound of air being drawn into 
the injured vessels. But this is not the 
only indication that water is pulled up
ward in the tree. One of the most beauti
ful pieces of evidence was developed 
bv the German botanist Bruno Huber in 
1935. Huber heated the sap with a small 
electric element inserted into the xylem 
and measured the time it took for the 
ascending wave of warm sap to pass 
a thermocouple placed a few inches 
higher on the stem. He found that in the 
morning water begins to move in the 
twigs earlier than it does in the stem. 
In the afternoon, as photosynthetic activ
ity in the leaves begins to lessen, sap 
movement falls off first in the twigs and 
onlv later in the stem. Hence the "motor" 

of sap ascent must be in the crown of the 
tree. 

This motor is powered, of course, bv 
sunlight. When the leaves are engaged 
in photosynthesis, they liberate water 
vapor to the air by transpiration. In fact, 
they transpire more than 90 per cent of 
the water that is delivered to their tissues 
through the xylem. By this apparently 
wasteful process sufficient quantities of 
the dilute soil minerals are carried up
ward in the water. 

What puzzled early investigators is 
the fact that most trees are more 

than 33 feet tall; a vacuum pump cannot 
pull a column of water beyond this 
height. Some trees reach 10 times higher. 
How could they pull water into their 
crowns without the breakage of the 
water column that causes a vacuum 
pump to fail? The answer is that water 
in the xylem of trees is pulled up di
rectly and not by vacuum. Through the 
cell membranes of the tiny stomata, or 
pores, on the under surface of the leaves, 
the water is transpired a molecule at a 
time; the molecules that escape into the 
air are replaced by molecules pulled up 
from below by surface-tension forces. 
The water columns are continuous, all 
the way from the rootlets to the sub
micros�opic capillaries in the leaves. 

CORK CAMBIUM 

They do not, therefore, depend on the 
pressure of the atmosphere for support 
but are held up by cohesive forces with
in the water itself and adhesion between 
the water and the cell walls. 

The underlving principle here was 
first demonstrated experimentallv in 
1893 by the Austrian botanist Josef 
Bbhm. By evaporating water from a 
closed system of tubing connected to a 
bowl of mercury he was able to lift the 
mercury in a column to heights of more 
than 100 centimeters, considerably above 
the height of 76 centimeters to which 
it can be pulled by a vacuum [see illus
tration 011 page 137]. The Irish botanist 
H. H. Dixon and his collaborator J. Jolv 
repeated this experiment, harnessing the 
transpiration of a pine twig to lift a 
column of mercury, and got the same re
sult. These two workers gave the co
hesion theory of sap ascent its formal 
statement in 1895. 

The power of the transpiration pump 
is dramatically demonstrated in an ex
periment first performed in 1897 bv 
Josef Friedrich at the Forestrv Research 
Institute in �Iariabrunn, Austria. Using 
a sensitive instrument designed to meas
ure the cross-section growth of a tree, 
he found that the upper portion shrinks 
in the morning when photosynthesis be
gins, showing that the loss of \\'ater b\· 

SECTION OF A SH STEM shows the two principal transport sys· 

terns of a typical deciduous tree. Water ascends from the roots 

through tubes of dead cells in the xylem. Photosynthetic products 

descend from the leaves through the living cells of the phloem. 

Both xylem and phloem cells are produced in the cambium. Only 

six of this tree's 30 or more annual xylem growth ring5 are shown. 
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transpiration runs ahead of delivery 
from below. 

Acceptance of the cohesion theory 
called for more precise determination 
of the tensile strength of water and the 
stress to which the water columns are 
subjected in the xylem conduits. Theo
retical calculations, from heats of evap
oration and surface tension, indicate 
a tensile strength for water of several 
thousand atmospheres. Experimental 
values, however, are somewhat lower, 
ranging from 25 to 300 atmospheres. In 
one illustrative experiment the British 
investigator H. M. Budgett wrung two 
polished steel plates together with a film 
of water between them. To pull the 
plates apart required tensions of up to 60 
kilograms per square centimeter, or 60 
times the atmospheric pressure of one 
kilogram per square centimeter. 

k for the stress to which the water 
columns are subjected in the tree, 

these can be measured and calculated 
only indirectly, because any tampering 
with the integrity of the xylem conduits 
necessarily breaks the continuity of the 
water column. The formation of even 
the tiniest bubble in the water may break 
the column. It is apparent, however, that 
a portion of the tension in the column 
must correspond to the static stress 
needed to hold the water at a given 
height. At one atmosphere for every 33 
feet above the barometric height of 33 
feet, this would come to nine ahnos
pheres in a 330-foot redwood. To this 
must be added a dynamic component, 
corresponding to the force necessary to 
cause the water to flow in the xylem con
duits. 

The dynamic tension may approach 
zero during a rainy night, when trans
piration has practically ceased, and will 
reach a maximum value during a hot, dry 
summer's day, when the velocity of flow 
is estimated to run as high as 200 feet per 
hour in some trees. A theoretical value 
for the maximum dynamic tension can be 
computed from this estimated maximum 
velocity and from the measured diameter 
of the xylem capillaries. Since the theory 
assumes an ideal smooth-walled capillary 
of unlimited length, a correction must 
be made for the resistance set up by ir
regularities in the actual xylem conduits. 
Experimentally one can approximate a 
measurement of conditions in the living 
tree by forcing water through a freshly 
cut log of known dimensions and plotting 
the volume of flow against the pressure 
required to attain it. In a tree such as the 
oak, which has rather long xylem con
duits, the experimental resistance proves 
to be twice the theoretical resistance, 
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THREE STAGES in the evolution of xylem conduits are represented by the photomicro· 

graphic cross sections at top and hy the corresponding longitudinal drawings helow. In pine 

(left), a primitive conifer, spindle.shaped cells called tracheids conduct water through 

small "bordered pits" in their lateral walls. In birch (center), an intermediate, diffuse· 

porous wood, conduction takes place through partially dissolved end walls. In oak (right), 

an advanced, large.porous wood, end walls are absent and water passes through a series 

of squat vessel segments arranged into long, rigid tubes. None of the above cells are alive. 
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whereas in the birch or maple, with 
somewhat shorter conduits, it is three 
times higher. The tortuous tracheid con
duits of the conifers, surprisingly 
enough, offer less resistance-only 1.5 
times the theoretical-and the stem of 
the grapevine, with its very long xylem 
conduits, shows a resistance even closer 
to the theoretical value. At its greatest 
the dynamic component of tension turns 
out to be smaller than the s tatic. For the 
tallest trees, therefore, a tensile strength 
of water of no more than 20 atmospheres 
is ample to allow smooth operation of the 
transpiration pump as described by the 
cohesion theory. This is well within the 
lowest value found by experiment. 

One might still wonder how a mech
anism so delicate can function reliably 
in the high, wind-tossed branches of a 
tree. The answer undoubtedly lies in the 
minute subdivision of the chambered 
structure of the wood. If a column is 
broken by the formation of a gas bubble, 
the resulting break remains confined to 
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that column. The Norwegian physiologist 
P. F. Scholander, now at the University 
of California at La Jolla, has pointed out 
a more serious hazard to trees in cold 
climates. This is the freezing of the water 
in the xylem; freezing inevitably causes 
bubbles to form because air is practically 
insoluble in ice. Scholander has shown 
that trees do freeze and that bubbles do 
form in all vessels and tracheids. A re
examination of the anatomv of trees 
prompted by this observation has shown 
that the cold-climate species are various
ly accommodated to survive. 

In the conifers, for example, the bub
bles in the thawing ice are trapped with
in individual tracheids. As the weath
er warms, the gas in the bubbles un
doubtedly redissolves in the water. In 
the birches, maples and grapevines the 
positive pressures that make the sap flow 
in the spring also force the gas back into 
solution in the xylem water. The oaks, 
ashes, elms and other trees with ves
sels of large diameter simply lose the 
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past season's water-conducting system 
by rupture of the water columns; thev 
replace them by forming a new growth 
ring in the early spring before the leaves 
come out. During the summer the tran
spiration stream flows almost entirely in 
this new growth ring. It is apparent that 
winter freezing of the xylem plays an 
important role in the geographical dis
tribution of trees. 

Sooner or later, of course, the tra
cheids and vessels irreversibly lose their 
conductive capacity and go out of func
tion. Ai r embolism is the first step in the 
gradual formation of the heartwood, 
which ends with the deposition of pig
mented excretion substances in the adja
cent cells. The center of the trunk is the 
"dump" of the metabolic processes of 
thc trec. 

\ s these observations suggest, all the 
.t""\.. essential parts of a tree are renewed 
at the beginning of each growing season. 
Buds open, new shoots appear, leaves 

4 b 8 10 12 
TIME OF DAY 

VELOCITY OF SAP FLOW in wood is measured by means of the 

apparatus at left. A small heating element inserted into the xylem 

heats the ascending sap for a few seconds. A thermocouple farther 

up the stem records the passing wave of heat. The time interval 

between these two events indicates the sap's veloeity. The g"raph at 

right shows that in the morning sap begins to flow first in the twigs 

I colored c/trve) and later in the trunk ( black curve' . In the evening 

sap flow diminishes in the t\dgs sooner than it does in the trunk. 
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DENDROMETER (left) records minute daily fluctuations in the 

diameter growth of a tree trunk. Simultaneous measurements made 

at two different elevations (right) indicate that morning shrinkage 

of the upper trunk slightly precedes that of the lower. Early-morn. 
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ing transpiration from the leaves pulls water out of the xylem of the 

upper trunk before it can be replenished from the roots. As transpi· 

ration lessens later in the day, expansion of the upper trunk again 

precedes that of the lower. The shaded strips signify nighttime. 
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unfold and the cambium generates new 
xylem and phloem over the entire sur
face of the tree, from the twigs down 
the stem into the roots. These internal 
changes occur in the evergreens just as 
they do in the trees that drop their 
leaves. Even in a 2,OOO-year-old red
wood most of the vital functions are car
ried out in tissue that is only a few weeks 
to a few years old. The rhythmic re
newal of conductive tissue displayed 
in the growth rings of Temperate Zone 
trees makes a record not only of the age 
of the tree but also of conditions pre
vailing from season to season. 

Growth rings appear in the bark as 
well. Unlike the wood, however, the bark 
keeps an impermanent, short-term rec
ord. The growth of new phloem tissue 
taking place inside the cylinder of bark 
around the tree constantly disturbs and 
breaks up the outer tissues. Three dif
ferent regions can be discerned in the 
cross section of the bark. The most re
cently produced phloem layer, lying im
mediately outside the cambium, is the 
conducting phloem. Outside are the old
er rings of phloem that have lost their 
capacity for long-distance transport and 
serve for a while as storage places for 
the products of photosynthesis. Farther 
toward the outer surface of the bark one 
can see the cork cambium, a layer of 
rapidly dividing cells that produces the 
dermal tissue of the stem. All the tissues 
outside the cork cambium are dead, and 
in this region the growth rings are dis
turbed and indistinct. 

As in the case of the xylem of various 
species, the conducting elements in the 
phloem can be classified into primitive 
and more advanced types. Conifers show 
individual sieve cells, similar in shape 
to the tracheids of their xylem. These 
cells make intimate contact in "sieve 
areas" but do not open mechanically 
into one another. In the hardwoods the 
sieve cells are lined up in a continuous 
series, forming sieve tubes comparable 
to the conduits in their xylem. The abut
ting end walls of these cells form sieve 
plates, in the pores of which, as electron 
micrographs have recently shown, the 
cell wall has disappeared. In all species 
the phloem cells retain their cytoplasm, 
eVidently in modified form. The most 
striking change in the maturation of a 

sieve element is the loss of the cell nu
cleus. 

The mechanism of phloem transport is, 
if anything, less accessible to direct 

study than that of the xylem. It is evi
dent that the fluid in this system, bear
ing a rich concentrate of the products 
of photosynthesis, moves under positive 
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TENSILE STRENGTH OF WATER was first demonstrated by the Austrian botanist Josef 

Bohm in 1893 with an apparatus similar to the one shown here. A porous clay vessel is 

immersed in a beaker of boiling water (left), forcing a continuous stream of water through 

a glass capillary into a bottle containing a layer of mercury and out through an exhaust 

tube. When the beaker is removed (right), evaporation through the walls of the vessel 

causes the water to flow up the capillary, pulling the mercury behind it to a height of more 

than 100 centimeters. The appearance of an air bubble anywhere in the system wiII cause 

the mercury column to fall back to a normal barometric height of 76 centimeters. Bohm's 

device was a simplified mechanical analogue of the xylem transport system of a tree. 

pressure. But the pressure and the veloc
ity of flow have been calculated from 
indirect evidence only. In many species 
of trees the sieve tubes will produce in
tense exudations on being punctured. In 
other species the exudation is sucked 
into the closely adjacent xylem system 
by the negative pressure that drives the 
transpiration stream. The phloem of all 
species is highly reactive to injury; the 
sieve tubes quickly interrupt their con
tinuity and shut off the flow of fluid. 
Certain components of the cytoplasm 
may instantly plug the sieve plates when 
pressure is released, and callose, a sugar 
of high molecular weight, closes the 
sieve pores with a more permanent seal. 
It is callose formation that brings phloem 
transport to a halt in the fall after the 
leaves have dropped. The same process 
will plug up the entire phloem in a 
branch that has been cut from a tree. 

Parasites have found a rich source of 
food in the phloem of trees and lesser 
plants. Some plants, like the mistletoe, 
live on the phloem of others and some 
have lost their ability to carry on photo
synthesis. Porcupines, beavers and bark 
beetles eat the whole bark. Of greatest 
interest to the plant physiologist are the 
aphids that are specialized as feeders 
on the sieve tubes. Small green species 
live on leaves, and larger brownish or 
gray ones on the phloem of branches. 
Their mouth parts consist of a bundle 
of sty lets with which they penetrate the 
bark to the phloem, where they tap a 
single sieve cell or tube [see illustration 
on page 132]. The food they obtain in 
this way is so ample they exude a surplus 
in the form of "honeydew," which is 
collected in turn by ants and honeybees. 

Entomologists long ago noticed that 
the stylet bundles may continue to exude 
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fluid from the plant after the aphid has 
been severed from its mouth parts. Re
cently Tom E. Mittler, now at the Uni
versity of California at Berkeley, de
veloped this observation into a technique 
for the study of phloem transport. The 
aphid is immobilized with a gentle 
stream of carbon dioxide and its body 
is then cut away with a sharp knife, 
leaving the stylets in place. If the opera
tion is successful, exudation continues, 
often for days, and the exudate can be 
collected with a micropipette. As the 
success of the technique indicates, it 
works with so little injury to the plant 
that it does not provoke the defense 
mechanisms of the phloem. The purest 
samples of the phloem stream can be 
obtained in this way and even some in
dication of rates of flow. 

Analysis of the exudates from 250 
species of trees shows that a group of 
compound sugars is carried in the 
phloem stream in concentrations of 10 to 
30 per cent by volume. In addition to 
sugars the cargo of the phloem stream is 
made up of sugar alcohols, amino acids, 
phosphorus compounds and inorganic 
ions. Some of these substances, particu
lad" the nitrogen- and phosphorus-con
taining compounds, increase in concen
tration during the fall. These materials 
are salvaged from the leaves, which are 
soon to be lost. 

The question of what forces bring 
about the long-distance transport of 

materials in the phloem is still far from 
settled. It is evident that simple diffu
sion-the universal tendency of solutes 
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to come to equal concentration every
where in a solution-is inadequate. Yet 
there is still argument over whether or 
not phloem transport actuallv takes 
place as the mass flow of a solution. The 
strongest evidence for mass flow is the 
exudation from phloem tubes, partiCll
lady as observed with the help of aphid 
stvlets. The rate of exudation from the 
stylets is remarkable, in certain cases ex
ceeding five cubic millimeters per hour. 
Such a rate of flow requires refilling of 
the sieve element three to 10 limes per 
second. From this and other evidence it 
is estimated that translocation velocities 
in the phloem are of the order of 100 
centimeters per hour. Some mass-flow 
process is necessary to explain move
ment of the fluid at this speed. 

Assuming that phloem transport does 

450 500 

PRESSURES REQUIRED to overcome the resistance to sap flow 

in xylem capillaries are calculated with the aid of this graph. The 

dark-colored strips helow represent the range of pressures calcn

lated for the three principal types of xylem conduits. The light

colored strips ahove each of these are the corresponding pressures 

obtained experimentally. The difference is caused by the fact that 

most woods do not contain ideal capillaries. A calculated value for 

a single oak is indicated by the black dot, an experimental value 

for the same tree by the open circle. In spite of their small diam

eters, conifer tracheids are surprisingly efficient water conductors. 
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Scientific predictions indicate that solar activity will be at 
a minimum between July, 1964 and July, 1965. This has 

been designated as the International Year of the Quiet Sun, 
and during it a world-wide magnetic survey will take place. 

D The Douglas Space Physics and Planetary Sciences Group 
is studying scientific experiments to be performed on satel
lite and space probe missions during this period. Instruments 

to be used will be among the following: magnetometers; 

ionization chambers; G-M detectors; scintiIIators; solid state 
detectors; and spectrometers. D The present Douglas Ant

arctica Riometer Station program for the study of cosmic 
rays will continue through this "Quiet Sun" period and 

THE YEAR OF THE QUIET SUN wiII 
.
provide importan� data 

relatIve to solar cosmIC ray 

... AND WHAT DOUGLAS IS DOING ABOUT IT and auroral events and the 
geomagnetic K-index. Douglas was invited to participate 
with the National Science Foundation in this program. 

Preparation for the Year of the Quiet Sun world scientific 
survey is one of more than 500 research projects that are 
under way at Douglas. Some of these relate to the solution of 
problems on programs of today and tomorrow. 
Others range through development and research 

programs whose effects may not be DDUGLAS�� ___ _ 

evident until ten or twenty years in the future. 
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APHID (Longistigma caryae) feeds on the underside of a linden branch. The stylet sheath, 

from which the stylets are projected into the bark, is clearly visible in this photograph. 

Surplus sugar is released in the form of a "honeydew" droplet about once every half hour. 

AMPUTATED STYLET BUNDLE exudes for hours, and sometimes for days, after the 

aphid has been cut away. The high rate of exudation from amputated aphid stylets supports 

the mass·Aow theory of phloem transport. Stylet exudate is the purest phloem sap obtainable. 
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proceed by mass flow, the next step is to 
explain what drives it. The German forest 
botanist Ernst Miinch proposed that dif
ferences in osmotic pressure are responsi
ble for the activation and maintenance of 
the flow. The crucial points in the pres
sure gradient are located at opposite ends 
of the tree, in the leaves and in the roots. 
High osmotic pressLire, created by the 
high concentration of the products of 
photosynthesis in the leaf, draws water 
from the capillary end vessels of the 
xylem into the capillaries of the phloem. 
Low osmotic pressure in the phloem of 
the roots, caused by the withdrawal of 
the products of photosynthesis on the 
wav down, forces the water to flow from 
the phloem into the negative-pressure 
system of tbe xylem or out into tbe sur
rounding soil. In effect, it is the initial 
concentration gradient in tbe leaves, 
maintained by photosyntbesis, that 
creates the pressure gradient and causes 
the mass flow of the phloem solution. 

There is a good deal more to the sys
tem, however, tban this sketchy state
ment of the hypothesis suggests. To 
make such a system function, the side
wall membranes of the sieve tubes must 
be differentially permeable to the pas
sage of the molecules. At the same time 
the passage from one sieve element to 
tbe next must not be hindered by a 
semipermeable membrane. Electron mi
crographs of the nne structure of the 
sieve plates are playing a decisive role 
in the elucidation of this problem. The 
main difficulty is presented by the sensi
tivity of the sieve tubes to injury. 

More recently it has been suggested 
that the electric potentials across the 
sieve plates (or, in the conifers, sieve 
areas) may supply the driving force. 
Osmotic pressure gradients would then 
merely supply the trigger for electro
osmosis. 

The mechanism of phloem transport 
is as unresolved in grasses and lilies as 
it is in trees. Because of tbeir size trees 
supply ideal subjects for experimental 
studies of this pbenomenon. They offer 
clear lengths of 30 feet or more of uni
form conducting tissue, witb all the 
products of photosynthesis concentrated 
at one end along with the peak of the 
osmotic pressure thereby generated. For 
simultaneous, or nearly simultaneous, 
measurement of pressures and flows at 
many points on the tree, the aphid and 
its stylets do not provide a manageable 
tecbniq ue. It is therefore necessary to 

resort to the cruder method of making 
incisions in the bark. The larger the tree, 
however, the less disturbing is the effect 
of these traumas. In a tree with a cliam
eter of eight inches or more one may 
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make as many as 100 useful incisions. if 
they are properly placed. The concen
tration gradients of the materials trans
ported in the phloem can thus be 
measured throughout a great length of 
tissue before and after such experimental 
treatments as defoliation, interruption of 
phloem transport and locally applied 
temperature. 

In the Harvard Forest at Petersham, 

STYLET PATH extends from sheath (bot· 

tom) up through several layers of outer 

bark to an individual sieve element in the 

conducting phloem (see enlarged section on 

page 132) . The four transverse sections that 

make up this composite micrograph were 

made by Gerda Aerni of Harvard University. 
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METER-Sensitive meter gives easy
to-read ac null indication. Can be 
easi Iy cal i bra ted by detector sensi
tillity controls for deviation or 
difference readings. 

"FNFIU1·n.'-/lnnlied voltage can be 
optimum measure-

FREQUENCY-Plug· in unit changes 
tuning of oscillator and both stages 
of sensitive detector. 

DEKASTAT ADJUST -External resist· 
ance can be added to extend the 
range of the value dials or to cancel 
the effect of lead resistance. 

VALUE-Three decade step switches 
and a 100 position rheostat combine 
to give 120,005 division resolution. 

UNKNOWN TERMINALS - The same 
terminals are used for all unknown 
components. The adjacent ground 
post is used for three - terminal 
measurements. 

MODEL 2918 UNIVERSAL IMPEDANCE MEASURING SYSTEM 
Seven ranges of inductance, capacitance, resistance and conductance. Three decades of 
o and Qo Five place readings. Resistance and conductance accuracy to ± 0.050/0 Induct
ance and capacitance accuracy to ± 0010/0• Ac and dc generators and detectors specific
ally designed for use with the bridge assure ample sensitivity for attaining any specifit:=d 
accuracy throughout the measurement range. Complete system in metal cabinet, $1125.00, 
f.o.b. Portland, Oregon. For detailed information, send for Catalog Sheet C-13. 

7524 SoW. Maca.dam Avenue · Portland 19, Oregon · Area Code"S03, 246-3331 

BOOTH 3016·3020, 1963 IRE SHOW 
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The Chal lenge of 
the materials age 

The two-phase m ateri a l s  co ncept 
In this sixth year since man 's first probe of space - an age in 

which structural materials must do the impossible - attention is 
being focused increasingly on the two-phase concept of material 
structure . A two-phase structure is a combination of two differen t 
materials of con trasting strength and elasticity. The resu lt is a 
composite which produces a material whose properties are superior 
to either of its components used individually. 

Sounds like a great new idea? " G reat" i t  is - but " new" it  
isn ' t .  Nature had i t  fi rst, millions of years ago. 

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

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

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

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

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

For a detailed study of current research in the 
development of two-phase materials, we invite 
you to write for your free copy of Bulletin s C-3 
and PC-8 - examples of a series of application 
studies compiled by Instron from independen t  
sources covering virtually every area of materials 
research.  For bulletins describing late technical 
developments in your specific fields, please feel 
free to drop us a line. 

® 

I 
E N G I N E E R I N G C O R P O R A T I O N  
2 5 0 9  W A S H I N G T O N  S T . ,  C A N T O N .  M A S S .  

Electronic and Mechanical Engineers - If you are interested in designing 
instrumentation jor this new and jast growing science, please send us your 
professional resume. 

.\1 ass. , we have carried on work of this 
kind over several growing seasons. We 
invariably find that the concentration of 
photosynthetic products decreases down 
the length of the tree during the summer, 
when the leaves are exporting this mate
rial and growth is taking place in the 
stem and roots. This gradient disappears 
soon after defoliation, be it natural leaf 
fall in autumn or artificial defoliation 
done at any time in the summer. Analysis 
of the fluid tapped at intervals down the 
trunk soon after defoliation shows that 
the sugars are being converted and 
removed from the sieve tubes. The 
measured decline in concentration of the 
sugars along the trunk provides an index 
of the velocity of phloem transport. In 
agreement with findings made bv other 
techni( lues, this shows values of 50 to 
1 00 centimeters per hour. 

I t is clear that the two-way water trans-
. portation system of trees presents 

questions that can be approached only 
in the living organism as a whole. Some 
of the most interesting questions lie in 
the cross transfer of substances from the 
phloem to the xylem, by which trees 
and other plants distribute vital sub
stances throughout their entire bodies. 

PORES OF SIEVE PLATE in this photo· 

micrograph have been partially plugged 

with callose following an artificial reduction 

in pressure at one end of the sieve tube. 

Ordinarily callose formation interrupts the 

flow of sap through the phloem of deci duous 

trees in late fa II after the leaves have 

dropped. Magnifi cation is 1,350 diameters. 
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HIGH LIGHTING A KEY SEGMENT OF OPPORTUNITY FROM THE DIVERSE 
R&D PROGRAMS ALWAYS UNDERWAY AT ITT FEDERAL LABORATORIES • • •  

NOrth 1·1100 

EXTEN D I N G  TH RESHOLDS I N  SPACE 
Uti l iz ing space i n  l o n g  ra nge com m u n ications is o n e  of the m ajor program a reas at ITT Federa l  Laboratories .  The 
work e m b races resea rch i n  the space scien ces, generation a n d  a n a lysis  of system s  concepts, a n d  the solution of 
specific tech n i ca l  p roblems i n  the development of ea rt h / sate l l ite com m u n ications systems for both m i l ita ry a n d  com 
mercial  pu rposes_ 

SOME OF OUR GOALS AND TECH N IQU ES: 

Design of a global com munication system through which many may com m u nicate independently and simulta neously. 

Phased array radio telescope a ntennas with 1 ,000 to 10,000 foot a pertures_ 

All-sol id state satell ite-borne tra nsponders_ 

H igh ga in,  d irective phased array a ntennas for insta l lation on u nsta ble, uncontrol led satel l ites. 

Transm itter designs utilizing solid state power supplies. 

U ltra low noise pa rametric ampl ifiers. 

Developing a lunar bounce com m u n ications l ink between ITTFL's fixed space com munications station in N utley, 
N ew Jersey, and an ITT term inal  in  England. 

Exploring adva nced modulation tech n iq ues for space a ppl ications, where the bandwidth restrictions affecting terrestrial 
systems do not a pply. 

M uc h  of ITTFL's space com m u n ications work is contracted by NASA, the U .S .  Army Signal  Corps, the Air Force a n d  
oth e r  government agencies. A su bsta nti a l  porti o n ,  however, is compa ny-funded.  Th ree yea rs a g o  ITTFL b u i lt its own 
rad io telescope to further experi m e ntal  i nvestigations.  Presently, the staff is pa rtici pati ng with N ASA in the R E LAY 
progra m ,  us ing the ITT N utley fac i l ity for sate l l ite co m m a n d  a n d  contro l ,  a n d  as a gro u n d  term i n a l  for a North a n d  
South Am erica co m m u n i cations l i n k. T h e  South A m e rica term i n a l ,  a tra n sporta ble  g ro u n d  station i n  B raz i l ,  w a s  a l so 
developed a n d  b u i lt by ITTFL. 

You r  own i nterests in sate l l ite com m u n i cations,  or  a n y  oth er a rea of i nfo rmation tra nsfer systems,  a re probably well  
represented in th is  m u lt i - l a boratory orga n ization .  You r  i n q u i ry wil l  receive a prom pt and confidenti a l  reply_ 

I M MEDIATE OPE N I NGS IN TH ESE AREAS 

Satell ite Anten na Design 0 Microwave Com m unication and Tracking System Design 0 H igh Power Amplifier Design 
o Engineering Ana lysis - Aerospace Systems 0 Microwave Com m u n ication Eq u i pment Development 0 RF Circuit 
Design Engineering 0 Solid State and Maser. R&D 0 Com m u n ication System Theory and Ana lysis. 

To a p p ly, o r  ga i n  m ore informati o n ,  forward you r  res u m e  in f u l l  confidence to M r. W. B i esza rd ,  Box 93- M F, 
ITT Fed era l  La boratories, 500 Was h i ngton Avenue,  N utley, N ew J e rsey. (An Eq u a l  Opportu n ity E m ployer) 

ITT FEDERAL LABORATO RI ES 
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the 
Last Word in 

HIGH 
SP��D 
printer systems 

from 

PC:>TTER 
the 

LP.1200 SYSTEM 
provides: 

• LOW COST BUFFER STORAGE ... 
Computer proven Magnetostrictive 
Delay lines are compatible with the 
fastest computer systems. 

• NEW DELAY LINE AMPLIFIER . .. 
P ea k  D e t e ction circuit improves 
reliability at higher frequencies. 

• QUALITY HIGH SPEED PRINT·OUT 
Vacuum Paper control, coupled with 
h i g h  s p e ed p a p e r  f e ed prod uces 
clean, sharp impressions. 

• HUMAN ENGINEERING provides .. . 
quick, front paper loading, ease of 
ribbon change, access to drum and 
hammers, convenient o p erating 
controls. 

• ADDITIONAL FEATURES ... 
non-wearing Elastomeric tors ion 
bearings assure long hammer life; 
l ow inertia d rive b e l ts minimize 
clutch and brake wear. 

• 12 WEEK DELIVERY 

To learn how the Potter LP·l200 Printer 
System con reduce the cost of your 
computer time, write to the General 
Manager, Printer Division, today. 

·�TM' 
POTTE� INSTRUMENT CO., INC. 
PRINTER DIVISION 
East Bethpage Road. Plainview, New York 
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MATHEMATICAL GAMES 
A new parado.?;, alld (J([riations on it, 

about a man condelnned to be hanged 

b,' "\ I u .. tin Gard ner 

" A new and powerful paradox has t\. come to light." This is the' open
J.... ing sentence of a mind-twisting 
article by �1ichael Scriven that appeared 
in the July 1951 issue of the British phil. 
osophical journal Mind. Scriven, who 
bears the title of "professor of the logic 
of science" at the University of Indiana, 
is a man whose opinions on such matters 
are not to be taken lightlv. That the 
paradox is indeed powerful has been 
amplv confirmed by the fact that dur
ing the past 15 years no fewer than 10 
learned articles about it have appeared 
in Mind. The authors, manv of whom 
are distinguished philosophers, disagree 
sharply in their attempts to resolve the 
paradox. Since no consensus has been 
reached, the paradox is still very much 
a controversial topiC. 

No one knows who first thought of it. 
According to the Harvard University 
logician '<\'. V. Quine, who wrote one 
of the Mind articles (and who discussed 
paradoxes in SCIENTIFIC AlVIEHlc.'\1\ for 
April, 1962) , the paradox was first cir
culated by word of mouth in the early 
1940's. It usually took the form of a 
puzzle about a man condemned to be 
hanged. 

The lllan was sentenced on Saturday. 
"The hanging will take place at noon," 
said the judge to the prisoner, "on one 
of the seven days of next week. But you 
will not know which day it is until you 
are so informed on the morning of the 
day of the hanging." 

The judge was known to be a man 
who always kept his word. The prisoner, 
accompanied by his lawyer, went back 
to his ceIL As soon as the two men were 
alone the lawyer broke into a big grin. 
"Don't you see?" he exclaimed. "The 
judge's sentence cannot possibly be car
ried out." 

"I don't see," said the prisoner. 
"Let me explain. They obviously can't 

hang you next Saturday. Saturday is the 
last day of the week. On Friday after-

noon you would still be alive and vou 
would know with absolute certainty that 
the hanging would be on Saturdav. You 
would know this before you were told so 
on Saturday morning. That would vio
late the judge's decree." 

"True," said the prisoner. 
"Saturday, then, is positivelv ruled 

out," continued the lawyer. "This leaves 
Friday as the last dav they can hang 
you. But thev can't hang you on Friday 
because bv Thursday afternoon only two 
days would remain: Friday and Satur
day. Since Saturday is not a possible day, 
the hanging would have to be on Friday. 
Your knowledge of that fact would vio
late the judge's decree again. So Friday 
is out. This leaves Thursdav as the last 
possible day. But Thursday is out be
cause if you're alive Wednesday after
noon, vou'll know that Thursday is to be 
the day." 

"I get it," said the prisoner, who was 

- - - � 

\ 

The prisoner eliminates all (Jossible da)'s 
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Many space miSSIOns require rocket engines whose thrust 

level can be accurately controlled over a wide range. STL 

scientists and engineers are developing a family of such 

engines, including the 5000 pound bipropellant rocket engine 

shown above. These engines can vary their thrust across a 

throttle range greater than 40 to 1 while maintaining high 

combustion efficiency and limiting propellant residuals. With 

each test firing of the 5000 pound engine (and its 500 pound 

counterpart), the insight of STL scientists and engineers 

grows keener in areas of extra terrestrial propulsion. New 

positions have been created by this project, by STL's work 

as prime contractor for NASA's OGO, by its prime contrac-

tor assignment on a new series of Air Force-ARPA space

craft, by its Systems Management activities for the Air 

Force's Atlas, Titan and Minuteman programs, and by other 

space responsibilities. Openings are in: Space Physics, Radar 

Systems, Applied Mathematics, Space Communications, 

Antennas and Microwaves, Analog Computers, Computer 

Design, Digital Computers, Guidance and Navigation, Elec

tromechanical Devices, Engineering Mechanics, Propulsion 

Systems, Materials Research. For Southern Calif., or Cape 

Canaveral positions, write Dr. R. C. Potter, Dept. J-3, 
One Space Park, Redondo Beach, Calif., or P. O. Box 4277, 
Patrick AFB, Fla. STL is an equal opportunity employer. 

• SPACE TECHNOLOGY LABORATORIES, INC. 
'-J a subsidiary of Thompson Ramo Wooldridge Inc. 

Los Angeles • Vandenberg AFB • Norton AFB, San Bernardino • Cape Canaveral • Washington, D. C . •  Boston • Hun,tsville • Dayton • Houston 

IEEE DELEGATES: VISIT STL PRODUCTS BOOTH 3237-3239 
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Need a dry liquid? 
Moisture in an organic liquid is a contam

inant which must be removed or reactions 

go haywire. A tiny amount of water can 

upset a process and end products come 

out wrong. Lectrodryer provides equip

ment capable of drying those liquids to an 

extremely low dewpoint. And where gases 

are to be liquefied for su per-cold cryogenic 

work, Lectrodryers dry those gases and 

head off trouble there. Any moisture prob

lems? Put them in the laps of the engi

neers at Pittsburgh Lectrodryer Division, 

McGraw-Edison Company, 336 32nd St., 

Pittsburgh 30, Pennsylvania. 
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The l)(trac/ox of the unexpected egg 

beginning to fecl much better. "In ex
actly the same way I can rule out 
Wednesday, Tuesday and Monday. That 
leaves only tomorrow. But they can't 
hang me tomorrow because I know it 
today!" 

In brief, the judge's decree seems to 
be self-refuting. There is nothing logi
cally contradictory in the two statements 
that make up his decree; nevertheless, 
it cannot be carried out in practice. That 
is how the paradox appeared to Donald 
John O'Connor, a philosophcr at the 
University of Exeter, who was the first to 
discuss the paradox in print (Mil1d, July, 
1948) . O'Connor's version of the para
dox concerned a military commander 
who announced that there would be a 
Class A blackout during the following 
week. He then defined a Class A black
out as one that the participants could 
not know would take place until after 
6 :00 p.m. on the day it was to occur. 

"It is easy to see," wrote O'Connor, 
"that it follows from the announcement 
of this definition that the exercise cannot 
take place at all." That is to sav, it can
not take place without violating the def
inition. Similar views were expressed 
by the authors of the next two articles 
(L. Jonathan Cohen in Mind for January, 
1930, and Peter Alexander in Mind for 
October, 1950) , and even by George 
Gamow and Marvin Stern when they 
later included the paradox (in a man-

to-be-hanged form) in their book Puzz/e
Math. 

Now, if this were all there was to 
the paradox, one could agree with 
O'Connor that it is "rather frivolous." 
But, as Scriven was the first to point 
out, it is bv no means frivolous, and for 
a reason that completely escaped tbe first 
three authors. To make tbis clear, let us 
return to the man in the cell. He is con
vinced, bv what appears to be unim
peachable logic, that Ill' cannot be 
hanged without contradicting the condi
tions specified in his sentence. Then on 
Thursday morning, to his great surprise, 
the hangman arrives. Clearly he did not 
expect him. What is more surprising, the 
judge's decree is now seen to be per
fectlv correct. The sentence can be car
ried 

�
out exactly as stated. "I think this 

flavour of logic refuted by the world 
makes the paradox rather fascinating," 
writes Scriven. "The logician goes pa
thetically through the motions that have 
always worked the spell beforc, but 
somehow the monster, Realitv, has 
missed the pOint and advances still." 

In order to grasp more clearly the verv 
real and profound linguistic difficulties 
involved here, it would be wise to restate 
the paradox in two other equivalent 
forms. By doing this we can eliminate 
various irrelevant factors that are often 
raised and that cloud the issue, such as 
the possibilitv of the judge's changing his 
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formula for success 
Over a ten-year period, Martin Company, Aerospace 

Division of Martin Marietta Corporation has achieved 

this remarkable record: 

Ninety-seven per cent of our total volume of products for 

defense and other agencies were produced at or below cost objectives. 

Ninety-four per cent of our projects were completed on time or ahead of schedule. 

We think this record provides a good formula (as equated above) for continued Martin success. 

And it is a "yardstick" that Research Engineers and Scientists can use to measure the ex

cellent potential of their professional futures with Martin Company in Baltimore. 

Our management's awareness of the importance of basic and applied research has been a vital 

factor in bringing Martin Company to its position as a leader in the aerospace field ... and will 

help keep us in the lead in the future. 

Our programs are growing rapidly-both in number and scope; and we are selectively staffing 

the Research Department at our Baltimore facility. 

We need aggressive, highly skilled RESEARCH ENGINEERS AND SCIENTISTS with AD

VANCED DEGREES. There are splendid opportunities for researchers who are experienced in 

such disciplines as Solid State Metallurgy, Physical Chemistry, Plasma Physics, Aerophysics. 

Psychology (Human Engineering), Solid State Physics, Cryogenics, Thermionic Energy Conversion, 

Bio-Chemistry, Structural Dynamics, Advanced Electrical and Nuclear Propulsion Systems. 

]f you believe-as we do-that Martin Company's formula for continued success can be your 

key to significant professional accomplishment and attainment, we'd like to hear from you. 

Please write-in the manner which you believe best presents your qualifications-to Mr. 1. W. 
Perry, Director of Executive Staffing, Dept. R-IO 

NlARTIN CONIPANY 

on equof opportunjty employer 

The Aerospace Division of _ARTIN � Baltimore 3, Maryland 
MARIErrA W 
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This candle is producing two kinds of light. 
One is the visible light you see. The other 
is "invisible" light-or infrared energy. 
This energy is produced not only by the 
flame, but by the candle itself. Because in 
the strange world of infrared all objects 
which are "warm"-above absolute zero
radiate. In fact, Hughes infrared detection 
equipment could measure the infrared en
ergy produced by an ice cube 5 miles away! 

Hughes scientists and engineers have been 
applying the science of "invisible light" to 
problems of national defense for well over 
a decade.Their work has produced striking 
results-such as the capability to sense dis
tant temperature variations as small as 
1 OOOth of a degree. 

Infrared techniques are exceptionally use
ful in space applications. A Hughes stellar 
tracker utilizing visible light will help nav-

igate the Surveyor lunar landing vehicle 
on its 240,000-mile trip to the moon. This 
tracker, seeking a navigational "fix," will 
identify the star Canopus simply by the 
amount of energy it generates. 
Other Hughes work in infrared covers the 
entire range of both systems and compo-

nent research, development and manufac
ture. Now in progress are systems for anti
ballistic missile defense, anti-submarine 
warfare, bomber defense, and tactical weap
ons control. Simultaneously, Hughes is 
supporting the rapidly expanding infrared 
technology with the development and 

Infrared windows-since glass is not transparent 

to infrared, "windows" and lenses of other mater· 

ials, such as silicon or germanium, must be used. 
Hughes manufactures many types of such optical 
components. 

Hughes infrared search·track sensor head de· 
signed for interceptor aircraft enables pilots to 
detect "bogies" by the infrared they generate. 

The infrared system works effectively even against 
very low altitude targets. 

CREATING A NEW WORLD WITH ELECTRONICS 
r ----------------.- ----- ------- --, 
I I 
1 I 

1 HUGHES 1 
, I 
, ' 
, I 
L _______________________________ ...J 

HUGHES AIRCRAFT COMPANY 
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quantity production of highly advanced 
detectors, optical components and cryogenic 
systems. 

In total, these activities represent one of 
the most important reservoirs of infrared 
capability in our nation-wholly devoted 
to helping man productively use the light 
he cannot "see." 

Engineers and Scientists with interest in 
the wide variety of Hughes infrared pro
grams-or in the other electronics and 
space activities-are invited to inquire into 
many existing openings. Qualifications in
clude: U.S. citizenship, a B.S., M.S., or 
Ph. D. from an accredited university. 
Hughes is an equal opportunity employer. 

For prompt attention please address: 
Mr. S. L. Gillespie, Manager, Employment 
& Manpower, Hughes Aircraft Company, 
Culver City 17, California. 

mind, of the prisoner's dying before the 
banging can take place and so on. 

The first variation of the paradox, 
taken from Scriven's article, can be called 
the paradox of the unexpected egg. 

Imagine that you have before you 10 
boxes labeled from 1 to 10. While your 
back is turned, a friend conceals an 
egg in one of the boxes. You turn 
around. "I want you to open these boxes 
one at a time," he tells you, "in serial 
order. Inside one of them I guarantee 
that you will find an unexpected egg. 
By 'unexpected' I mean that you will not 
be able to deduce which box it is in be
fore you open the box and see it." 

Assuming that vour friend is absolute
ly trustworthy in all his statements, can 
his prediction be fulfilled? Apparently 
not. He obviously will not put the egg 
in box 10 because after you have found 
the first nine boxes empty you will be 
able to deduce with certainty that the 
egg is in the only remaining box. This 
would contradict your friend's statement. 
Box 10 is out. Now consider the situa
tion that would arise if he were so fool
ish as to put the egg in box 9. You find 
the first eight boxes empty. Only 9 and 
10 remain. The egg cannot be in box 10. 
Ergo it must be in 9. You open 9. Sure 
enough, thcre it is. Clearly it is an ex
pected egg, and so your friend is again 
proved wrong. Box 9 is out. But now you 
have started on your inexorable slide 
into unreality. Box 8 can be ruled out 
by precisely the same logical argument, 
and similarly boxes 7, 6, 5, 4, 3, 2 and 1. 
Confident that all 10 boxes are empty, 
you start to open them. What have we 
here in box 5? A totalJy unexpected egg! 
Your friend's prediction is fulfilled after 
all. Where did your reasoning go wrong? 

To sharpen the paradox still more, we 
can consider it in a third form, one that 
can be called the paradox of the unex
pected spade. Imagine that you are sit
ting at a card table opposite a friend who 
shows you that he holds in his hand the 
13 spades. He shuffles them, fans them 
with the faces toward him and deals a 
single card face down on the table. You 
are asked to name slowly the 13 spades, 
starting with the ace and ending with the 
king. Each time you fail to name the 
card on the table he will say "No." 
'''Then you name the card correctly, he 
will say "Yes." 

"I'll wager a thousand dollars against 
a dime," he says, "that you will not be 
able to deduce the name of this card 
before I respond with 'Yes.' '' 

Assuming that your friend will do his 
best not to lose his money, is it possible 
tbat he placed the king of spades on the 
table? Obviously not. After you have 

named the first 12 spades, only the 
king will remain. You wiIJ be able to 
deduce the card's identity with complete 
confidence. Can it be the queen? No, 
because after you have named the jack 
only the king and queen remain. It can
not be the king, so it must be the queen. 
Again, your correct deduction would 
win you $1,000. The same reasoning 
rules out all the remaining cal·ds. Re
gardless of what card it is, you should be 
able to deduce its name in advance. The 
logic seems airtight. Yet it is equally 
obvious, as you stare at the back of the 
card, that you have not the foggiest no
tion which spade it is! 

Even if the paradox is simplified by 
reducing it to two days, two boxes, two 
cards, something highly peculiar con
tinues to trouble the situation. Suppose 
your friend holds only the ace and deuce 
of spades. It is true that you will be 
able to collect your bet if the card is the 
deuce. Once you have named the ace 
and it has been eliminated you will be 
able to say: "I deduce that it's the 
deuce." This deduction rests, of course, 
on tbe truth of the statement "The card 
before me is either the ace or the deuce 
of spades." (It is assumed by everybody, 
in all three paradoxes, that the man will 

The {Jorodox of the "nexpected .<[Jade 
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THE SENTENCE 
ON THE OTHER SIDE 
o OF THIS CARD 

IS TRUE 

THE OTHER SIDE 
---...::�--=r.::::::�jJ F THIS CARD 

IS FALSE 

P. E. B. Jourdain's card paradox 

be hanged, that there is an egg in a box, 
that the cards are the cards designated.) 
This is as strong a deduction as mortal 
man can ever make about a fact of 
nature. You have, therefore, the strong
est possible claim to the $1,000. 

Suppose, however, your friend puts 
down the ace of spades. Cannot you de
duce at the outset that the card is the 
ace? Surelv he would not risk his $1,000 
bv putting down the deuce. Therefore it 
must be the ace. You state vour convic
tion that it is. He says "Y�s." Can you 
legitimatelv claim to have won the bet? 

Curiouslv, you cannot, and here we 
touch on the heart of the mystery. Your 
deduction rested only on the premise 
that the card was either the ace or the 
deuce. The card is not the ace; there
fore it is the deuce. But now your de
duction rests on the same premise as be
fore plus an additional one, namely on 
the assumption that your friend spoke 
trulv; to sa�! the same thing in pragmatic 
terms, on the assumption that he will do 
all he can to avoid paving you $1,000. 
But if it is possible for you to deduce 
that the card is the ace, he will lose his 
mone�! just as surelv as if he put down 
the deuce. Since he loses it either way, 
he has no rational basis for picking ol;e 
card rather than the other. Once you 
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realize this your deduction that the card 
is the ace takes on an extremely shaky 
character. It is true that you would be 
wise to bet that it is the ace, because it 
probably is, but to win the bet you have 
to do more than that; you have to prove 
that you have deduced the card with 
iron logic. This you cannot do. 

You are, in fact, caught up in a vicious 
circle of contradictions. First you assume 
that his prediction will be fulfilled. On 
this basis you deduce that the card on the 
table is tl�e ace. But if it is the ace, his 
prediction is falsified. If his prediction 
cannot be trusted, you are left without 
a rational basis for deducing the name of 
the card. And if you cannot deduce the 
name of the card, his prediction will cer
tainlv be confirmed. Now you are right 
back where YOU started. The whole circle 
begins agail;. In this respect the situation 
is analogous to the vicious circularity 
involved in a famous card paradox firs� 
proposed by the English mathematician 
P. E. B. Jourdain in 1913 [see illustration 
above J. 

'
Since this sort of reasoning gets 

you no further than a dog gets in chas
ing its tail, you have no logical wav 
of determining the name of the card 
on the table. Of course, you may guess 
correctly. Knowing vour friend, vou mav 
decide that it is highlv probable he put 

Put Your Career 
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�'wilhP 

AIlisOI1 

... where key positions 

are available in truly 

advanced energy con

version projects-such 

as this MeR program. 

SENIOR SCIENTISTS 
NUCLEAR ENGINEERS 

PHYSICISTS & CHEMISTS 
... with advanced degrees and 

extensive experience will find 

high level opportunities in con· 

ceptual design work at Allison. 

THE TARGET: a completely self·con· 

tained, highly mobile, nuclear energy 

conversion system to provide electrical 

power in remote areas. 

THE REQUIREMENT: individuals 

possessed with the ability and courage 

to transcend the narrow confines of con· 

ventional ideas-thereby bri ngi ng signifi

cant advancement to the state of the art 

in energy conversion devices. 

THE REWARD: respected profes-

sional status . . . among men of recog· 
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creative environment where the extraor

dinary prevails. 

Interested? Let's get together. 
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and Scientific Placement, Dept. 

1112, Allison Division, General 

Motors Corporation, Indianapo· 

lis 6, Indiana. 
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on target with MeR-the Military Compact Reactor being developed by Allison for the Atomic Energy 

Commission. Lightweight and extremely mobile, it will generate 3000 kw. of electricity. The AEC selected 

Allison as prime contractor "on the basis of company capability to carry out the entire project." That kind 

of capability is also working in a creative environment on advanced turbo prop and turbo shaft engines, 

Minuteman rocket cases and many other aerospace and nuclear projects, all of which are on target. 

AIlisOI1 
THE ENERGY CONVERSION OIVISION OF 
GENERAL MOTORS, INOIANAPOLIS, INO. 
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Los Alamos, planning more than $71 million 
worth of new construction - much of it well 
underway, authorized or anticipated at an early 
date - is looking to the future. 

You too, can plan for the future . . .  your fu
ture - at one of the world's leading research 
la boratories. 

Although many attractive openings exist at the 
Laboratory, there is an immediate need for ex
perienced and qualified Nuclear Engineers at 
the BS, MS and PhD levels; Controls Engineers 
at the MS and PhD levels; Metallurgists or Met
allurgical Engineers at the BS and PhD levels; 
and Metals Materials Engineers at the MS and 
PhD levels. 

You can start now to investigate the area of 
endeavor you are experienced in. Send your 
resume to: Director of Personnel, Division 63-30. 

los( )alamos 
:, THE�9,!��T��f!�J��oratory 

! . 

LOS ALAMOS. NEW MEXICO \ All qualified applicants will receive consideration for employment without 
regard fa race, (reed, (alar, or notionol origin. U.S. eitilenship required. 

down the ace. But no self-respecting 
logician would agree that you have "de
duced" the card with anything close to 
the logical certitude involved when you 
deduced that it was the deuce. 

The flimsiness of your reasoning is 
perhaps seen more clearly if you return 
to the 10 boxes. At the start you "de
duce" that the egg is in box 1, but box 
1 is empty. You then "deduce" it to be in 
box 2, but box 2 is empty also. Then 
you "deduce" box 3, and so on. (It is al
most as if the egg, just before you look 
into each box in which you are positive it 
must be, were cleverly transported by 
secret trap doors to a box with a higher 
number!) Finally you find the "expect
ed" egg in box 8. Can you maintain that 
the egg is truly "expected" in the sense 
that your deduction is above reproach? 
Obviously you cannot, because your 
seven previous "deductions" were based 
on exactly the same line of reasoning, 
and each proved to be false. The plain 
fact is that the egg can be in any box, 
i11cludi11g the last 011e. If you find the 
first nine boxes empty, you will of course 
be able to deduce that the egg is in the 
10th one, but until this occurs you have 
no firm ground for excluding even box 
10 from the range of possibilities. 

The Scottish mathematician Thomas 
H. O'Beirne, in an article with the some
what paradoxical title "Can the Unex
pected Never Happen?" (The New Sci
e11tist, May 25, 1961), has given what 
seems to me the best analysis so far of 
this paradox. As O'Beirne makes clear, 
the key to resolving the paradox lies in 
recognizing that a statement about a 
future event can be known to be a true 
prediction by one person but not known 
to be true by another until after the 
event. It is easy to think of simple exanl
pIes. Sumeone hands you a box and says: 
"Open it and you will find an egg inside." 
He knows that his prediction is sound, 
but you do not know it until you open 
the box. 

The same is true in the paradox. The 
judge, the man who puts the egg in the 
box, the friend with the 13 spades-each 
knows that his prediction is sound. But 
the prediction cannot be used to support 
a chain of arguments that results eventu
ally in discrediting the prediction itself. 
It is this roundabout self-reference that, 
like the sentence on the face of J our
dain's card, tosses the monkey wrench 
into all attempts to prove the prediction 
unsound. 

We can reduce the paradox to its 
essence by taking a cue from Scriven. 
Suppose a man says to his wife: "My 
dear. I'm going to surprise you on your 
birthday tomorrow by giving you a com-
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INHAT IT TAKES TO BUILD A 

Phantoms-world-record-breaking fighter, attack and reconnaissance aircraft for 
the U. S. Navy, Marines and Air Force-are built at McDonnell, in St. Louis. 

The Phantom came from advanced design 
engineers whose multi-service experience dates 
back to the mid-forties ... Designers who laid the 
plans for the first jet plane to land and take-off a 
carrier, who designed the famous Banshees and 
Demons and Voodoos ... Men who recognize the 
challenges of every mission ever conceived for a 
fighter aircraft and who design to meet those chal
lenges ... Men who began to plan the Phantom 
in 1953. 

The form was drawn, reviewed, evaluated, 
then test flown on computers. Models were made 
and subjected to every condition in wind tunnels 
and environmental chambers. The Phantom took 
shape and was flexed and dropped and bent in 
every conceivable way. [t first flew 27 May 1958. 
That was five years ago. Five years in which the 
designers reviewed and improved their concept 
and the Phantom began its first assignment with 
the U. S. Navy. 

Production engineers and skilled personnel 
mold from titanium, gold, steel, silver, aluminum, 
plastic, ceramics, resins, tin, glass, rubber, wood, 
and platinum the many thousands of shapes and 
forms that make up the Phantom. 

The techniques vary. Parts are shaped, wound, 
etched, hammered, sawed, drilled, punched, 

stretched, soldered, welded, riveted, glued and 
sealed. Technicians with years of experience read 
the blueprints, diagrams, designs and drawings 
and turn to presses that push with a force of 
10,000 tons; chemical baths that etch away un
wanted weight; automatic drills, mills, lathes, 
punches and profilers by the hundreds; welders, 
riveters, bonding machines and furnaces to shape 
the raw materials into the needed parts. 

Systems, components, parts and raw materials 
flow from the thousands of suppliers throughout 
America. Canopies, landing gear, communication 
systems, radomes, tires, generators, engines, radar 
arrive by train and plane and truck. 

All flow toward the final assembly area where 
the Phantom takes shape, moving along lines 
populated with seasoned assembly crews under 
whose hands each part, each component, reaches 
its time and place and is guided into position. The 
jacks fall away and the finished Phantom rolls to 
the paint shop and out the door. 

Time-qualified flight test crews run final checks 
and bring the Phantom to life. Engineering test 
pilots advance the throttles and the Phantom is 
airborne, America's fastest, most versatile, most 
powerful fighter, ready to serve the air arms of 
the United States. 

For booklet des cribing record flights of the Phantom, 
write: McDonnell, Dept. 08, Box 516, St. Louis 66, Missouri 

NlCDONNELL 
Phantom II Fighter, Attack and Reconnaissance Aircraft • Electronic Systems and Equipment • 

Mercury, Gemini and Asset Spacecraft • 

Talos Missile Airframes and Engines • Automation 

MCDO"NeLL A'lfCIIA,r • sr. LOUIS 
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Advanced Coatings 
for 

Advanced Projects 
White Room Cleanliness 

Where ultra�cleanliness is of utmost impor
tance, consider TILE-COTE® as a mainte
nance-free finish. TILE-COTE® provides a 
high-density, readily-decontaminated film 
with an inert, virtually impermeable 
surface of ceramic-like appearance and 
permanence. 

Sample specifications ... 

" Adhesion: excellent to wood, metal, 
masonry and mortar, glass and most 
plastics 

• Pot life: min. 8 hrs. at 750 F. 

• Temp. range: 2500 F. to _400 F. 

• Unaffected by: steam, alcohols, 
lubricants, carbon tetrachloride, 
detergents and cleansers, aromatic 
and aliphatic hydrocarbons and 
other corrosives. 

Versatility is an important feature of TILE
COTE®, which may be applied as a filler
finish system over bare wood and masonry 
or as a finish over painted surfaces. Fif
teen bright high-reflectance colors are 
avai lable with identical service criteria. 
Write for bulletin P-52B with full data, 
specifications, and color standards. 

� THE WILBUR & WILLIAMS CO., INC. • 752 Pleasant St., Norwood, Mass. 
CREATQRS OF ADVANCED COATINGS FOR INDUSTRY 
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PHYSICISTS 
Melpar has an immediate \�\\ . .  

opening for an astrophysicist If 
experienced in the study of 
matter and radiation in space. 
Assignment will include head- � ing up an existing program � investigating cometary mate-

_� 
rials and their interaction in 
space or a simulated space 
environment, as well as orig
inating new programs in 
Astrophysics. 
An advanced degree in Phys
ics-Astrophysics or Astronomy 
required. 
For further details, send resume to: 

JOHN A. HAVERFIELD 
Manager-Professional Placement 

MELPARY.NC 
3371 Arlington Boulevard 

Falls Church, Virginia 
(a suburb of Washington, D. C-l 

an equal opportunity employer 

pletelv unexpected gift. You have no 
way of guessing what it is. It is that gold 
bracelet you saw last week in Tiffany's 
window." 

What is the poor wife to make of this? 
She knows her husband to be truthful. 
He always keeps his promises. But if he 
does give her the gold bracelet, it will 
not be a surprise. This would falsify 
his prediction. And if his prediction is 
unsound, what can she deduce? Perhaps 
he will keep his word about giving her 
the bracelet but violate his word that 
the gift will be unexpected. On the other 
hand, he may keep his word about the 
surprise but violate it about the bracelet 
and give her instead, say, a new vacuum 
cleaner. Because of the self-refuting 
character of her husband's statement, 
she has no rational basis for choosing 
between these alternatives; therefore 
she has no rational basis for expecting 
the gold bracelet. It is easy to guess 
what happens. On her birthdav she is 
surprised to receive a logically unexpect
ed bracelet. 

He knew all along that he could and 
would keep his word. She could not 
know this until after the event. A state
ment that vesterdav appeared to be non
sense, that plunged her into an endless 
whirlpool of logical contradictions, has 
today suddenlv been made perfectly true 
and noncontradictorv bv the appear
ance of the gold bracelet. Here in thc 
starkest possible form is the II ueer verb
al magic that gives to all the paradoxes 
we have discussed their bewildering, 
head-splitting charm. 

�st month's problem was to determine 
the smallest convex area in which a 

line segment of length 1 can be rotated 

4 

2 

5 

360 degrees. The answer: An equilateral 
triangle with an altitude of 1. (The area 
is one-third the square root of 3.) 

Any figure in which the line segment 
can be rotated obviously must have a 
width at least equal to 1. Of all convex 
figures with a width of 1, the equilateral 
triangle of altitude 1 has the smallest 
area. (For a proof of this the reader is 
referred to Convex FigUTCS, by 1. M. 
Yaglom and V. G. lloltvanskii, pages 221 
and 222.) It is easy to see that a line seg
ment of length 1 can in fact be rotated 
in such a triangle [see illustration below J. 

In Januarv I promised to report on any 
two-word messages other than "Chin 
up" that astute readers might discover 
in Louis Aragon's poem "Suicide." At the 
time this is written, the following people 
have sent in the phrase "Stop, idiots!' 
(or "Idiots, stop!"): J. R. Bruman, Sher
man Oaks, Calif.; Richard Jenney, Hav
erford, Pa.; Alex Schapira, New York; 
Jane Sichak, Canton, N.Y.; Robert 
Smvth, Los Altos Hills, Calif. "Join up!" 
was found by Marvin E. Aronson, Phila
delphia; "Hoping not" by David B. Harp
er, Somerville, Mass.; "No hoping" bv 
Harmon H. Goldstone, New York. Judith 
M. Hobart, Morristown, N.J.,  spell�d out 
the following telegram from U Thant to 
President Kennedy and Premier Khru
shchev: HI:\,T TO J. F. K., K.: JOIN TO PUT 
UN" ox TOP. IK HOPING, NO POINT; TO HID
ING, NO OUT. STUPID IDIOTS, STOP! 

Linus Pauling suggested a two-word 
phrase in which ambiguity is provided 
by a pun. "Mv wife and I thought that 
'No hiding' would be the solution," he 
wrote. "Not onlv is there no way to hide 
from nuclear war; it is no longer possible 
for one great nation to give another a 
hiding." 

> 

3 

6 

The answer to last month's needle-turning problem 
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D e s p ite t h e  tre m e n d o u s  s peed a n d  rav e n 

o u s  a p p etite of t o d a y ' s  m o st a d v a n c e d  

c o m p uters ,  s c i e nt i sts a t  L o c k h e e d  M i s

s i l e s  & S p a c e  C o m p a n y ' s  C o m p uter  Re

s e a r c h  Labo rato r i e s  fee l  t h at t h e re i s  ro o m  

f o r  a g reat d e a l  o f  i m p ro v e m e nt.  T h e y  have 

d e d i cated t h e m s e l v e s  to t h e  d i s c o v e ry a n d  

d e ve l o p m e n t  of ways to i n c re a s e  t h e  s peed 

and re l i a b i l ity of c o m p uters w h i l e  s i m p l i 

fy i n g  t h e i r  o p e rati o n .  

T h o u g h  t o d a y ' s  c o m p uter  c i r c u its are 

c a p a b l e  of o p e rati n g  at  speeds m e a s u red 

in te n s  of n a n o s e co n d s ,  the u s efu l c o m 

p u tati o n  rate i s  f a r  s l o w e r. O n e  of t h e  

road b l o c ks h i n d e r i n g  s p e e d  i s  t h e  n e e d  

f o r  t h e  c o m p uter  to wait  f o r  t h e  carryovers  

fro m one c o l u m n  of f i g u res to catc h u p  

with  t h e  m a i n  c a l c u lat io n .  A p o s s i b l e  a n -

s w e r to t h i s  p r o b l e m  i s  m o d u l a r  a r ith m eti c ,  

w h i c h  avo i d s  carryover .  B a s e d  o n  t h e  a n 

c i e n t  C h i n e s e  R e m a i n d e r  T h e o r e m ,  t h i s  

c o n ce pt i s  b e i n g  re-exa m i n ed a t  L o c k h e e d  

f o r  p o t e n t i a l  c o m p uter  a p p l i cati o n s .  

L o c k h ee d ' s  C o m p uter  Research  L a b o 

rato r i e s  are st u d y i n g  a very b road g ro u p  of  

re lated c o m p uter  research areas ,  and the 

c o m p a n y  can  b o a st t h at a n  u n u s u a l  n u m 

b e r  o f  its s p e c i a l i sts a re at t h e  v e ry fo re

front of t h e i r  s p ec i f ic  f i e l d s .  

A m o n g  t h e  m aj o r  a r e a s  of research 

be i n g  u n d e rtaken at th is  t ime a re b a s i c  

p h y s i ca l  p h e n o m e n a ,  s u c h  a s  p h o n o n s ; 

q u a n t u m m e c h a n i c s ; switc h i n g  t h e o ry ; 

re s i d u e  ar it h m et i c  ( n u m b e r  syste m re

s e a r c h ) ; t h r e s h o l d  l o g i c  a n d  p a t t e r n  

re c o g n it i o n  a n d  l o g i c  d e s i g n  tech n i q u e s .  

LOOK A T  LOCKHEED DIGITA 

LOOK A T  LOCKHEED . . .  AS A CAREER 

C o n s i d e r  L o c k h e e d ' s  l e a d e rs h i p  in s pace 

tech n o l o g y .  Eva l u ate its a c c o m p l i s h m ents  

- s u c h  a s  t h e  Po lar is  m i s s i l e ,  t h e  A g e n a  

v e h i c l e ' s  s u p e r b  reco rd of s pa c e  m i s

s i o n s .  Exa m i n e  its o utsta n d i n g  adva nta g e s  

- l o cat i o n ,  a d va n ce m e n t  p o l i c i e s ,  c reat i v e  

c l i m ate,  o p p o rt u n ity fo r reco g n it i o n .  

T h e n  w rite f o r  a b ro c h u re t h at g ives  y o u  

a m o r e c o m p l et e  L o o k  a t  L o c k h e e d .  

A d d re s s :  Research & D e ve l o p m e n t  Staff, 

D e pt .  M -48D , P. O .  B o x  504, S u n n yv a l e ,  

C a l i f o r n i a .  Lockheed i s  a n  e q u a l  o p p o r

tu n ity e m p l oyer .  

SCIENTISTS & ENGINEERS: In  a d d it i o n  

to p o s i t i o n s  re lat i n g  t o  c o m p uter researc h ,  

s u c h  a s  l o g i ca l  d e s i g n  s p e c i a l i st s  a n d  

m at h e m ati c i a n s ,  oth e r  i m p o rtant o p e n i n g s  

ex i st f o r  s p e c i a l i sts i n : Trajecto ry a n a l y s i s  

• I n e rt i a l  g u i d a n c e · El ectro m a g n et i c s  • 

O r b i t  t h e r m o d y n a m i c s ' G a s  d y n a m i c s . 

C h e m i ca l  & n u c l e a r  p ro p u l s i o n ' Syste m s  

e n g i n ee r i n g  • E l ectro n i c  e n g i n ee r i n g  • 

C o m m u n i c at i o n s  & o pt i c s  research 

LO CKHEED 
MISSILES & SPACE COMPANY 
A GROUP DIVISION O F  LOCKHEED AIRCRAFT CORPORATION 

S u n n y v a l e ,  P a l o  A l t o ,  V a n  N u y s ,  Santa  C r u z ,  

S a n t a  M a r i a ,  C a l ifo r n i a  • C a p e  C a n a v e r a l ,  

F l o r i d a · H u nts v i l l e , A l a b a m a · H a w a i i  

Basic research toward simpler, faster, more reliable computers 

For a close-up Look at Lockheed, see us at the 
IEEE Convention Hotel in New York, March 25 through 28. 
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SCIENTIFIC PROBLEM-SOLVING : 

Point of Vie-w . . .  Tillles 32 
One thing common to RAC professional staff members is 
their uncommon backgrounds. This is neither a paradox 
nor unintentional . It is, in fact, a basic clue to much of 
the value of operations research, at least as i t  is performed 
at the Research Analysis Corporation . RAC is a private, 
nonprofit organization of more than 450 people, engaged 
in scientific problem-solving in a broad diversity of areas of 
major national decision-military, political, and economic . 

There are 32 different academic backgrounds among 
RAGs professional staff, and thus 32 points of view to pit 
against the problems at hand. In a typical RAC research 
team, the physicist will view a problem area differently 
than the mathematician, the mathematician will sec it 
differently than the economist, the economist differently 
than the electrical engineer, and so on. And in addition 
to its own members, the team can also call in professional 
staff members of other disciplines to view any special or 

1 56 

unusual aspects of the problem. 
The sum total of all these efforts and viewpoints will 

be a rounded solution, a solution-in-depth, taking the 
entire problem into consideration, overlooking nothing. 

If you hold an advanced degree in mathematics, statis
tics, a physical science, economics, or engineering, we 
invite you to consider the fascination and challenge of 
mixed-team problem-solving . . .  and a career at RAe. 
This is exciting, vital work, stimulating YOLl to function 
at the peak of your capabilities and carrying the probability 
of rapid personal and professional advancement. The 
compensation is fully commensurate with the importance 
of your assignments. Please send your resume to Mr. John 
G. Burke, Professional Staffing, Research Analysis Cor
poration, 693 5  Arlington Road, Bethesda 1 4, Maryland. 
( Residential suburb of Washington, D .  e.) An equal 
opportunity employer. .ila .. 

Research Analysis Corporation 
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THE AMATEUR SCIENTIST 

Conducted by C. L. Stong 

ityone can now build an electronic 
chronometer roughly the size of 
an alarm clock that will keep 

time within five seconds per year and 
run for months on a single mercury 
battery. The construction is made pos
sible by tunnel diodes, the semiconduc
tor device first described five years ago 
by the Japanese physicist Leo Esaki. Ex
cept in its use of semiconductors, the 
new chronometer closely resembles the 
tluartz crystal clocks described earlier 
in this department; its hands are turned 
by a synchronous motor that operates on 
a submultiple frequency of alternating 
current derived from a crystal-controlled 
oscillator [see "The Amateur Scientist," 
September, 1957, and June, 1961]. The 
instrument was designed by R. L. 
Watters of the General Electric Re
search Laboratory, primarily to demon
strate the usefulness and reliabilitv of 
tunnel diodes. 

"For reasons not altogether clear," 
writes Watters, "tunnel diodes have not 
been greeted with enthusiasm by experi
menters, in spite of the fact that when 
they are supplied with less than a thou
sandth of a watt, they can function 
as amplifiers, oscillators and switches 
through an impressively broader range 
of fretluencies than vacuum tubes or 
transistors can. Part of the explanation 
may lie in their strangeness. They have 
only two terminals compared with the 
three or more of vacuum tubes and tran
sistors. The techni'lues of using them dif
fer accordingly. Moreover, the notion 
seems to have got around that tunnel 
diodes are not so reliable as the older 
devices. My experience in applying them 
to timing devices and similar apparatus 
that make rigorous demands on relia
bility does not support this. When used 
as interlocked oscillators for lowering the 

How to n1ake a high(y aeeurat£' 
clock that utilizes tunnel diodes 

freljUenCV of alternating current, for ex
ample, tunnel diodes are at least an order 
of magnitude better than multi vibrators 
employing vacuum tubes or transistors. 
Any slight change in temperature or 
abrupt disturbance in the supply voltage 
to a vacuum tube multi vibrator designed 
for dividing a frequency by 10, for ex
ample, mav cause the unit to start di
viding bv 9 or 11. Tunnel diode oscil
lators divide by 20 routinely and during 
some experiments have operated without 
error for hours while dividing by a factor 
of 100! For this reason tunnel diodes 
have found an ideal application in clocks 
of the Marrison type for reducing the 
high frequency of the crystal-controlled 
oscillator to the low frequencv required 
by the synchronous motor. The con
struction of such a clock can serve as 
a good introduction to these new circuit 
elements and perhaps suggest other ap
plications for their remarkable prop
erties. 

"Like all rectifying devices, including 
check valves in water pipes, tunnel 
diodes conduct differently in different 
directions. They exhibit their most in
teresting propertv when conducting in 
the forward direction. A small voltage 
must of course be present to induce cur
rent in the forward direction, just as 
some pressure must be applied to force 
water through a check valve. In a typical 
tunnel diode the current increases as the 
applied potential is increased from zero 
up to .05 volt. As the voltage is increased 
from .05 volt to .35 volt, however, an 
astonishing effect is observed: the cur
rent decreases! Conversely, as the volt
age is lowered through this range, the 
current increases, an effect that one 
would expect only if the circuit con
tained a generator or other source of 
electrical energy. 

"Esaki explained this phenomenon in 
terms of the tunnel effect, a theoretical 
concept introduced to describe the be
havior of an electron that does not have 
enough kinetic energy to penetrate an 
electric field but nonetheless manages to 
'tunnel' through the barrier. The poten
tial barrier is imagined as a hill and the 

electron as a wave that extends through 
the hill but decreases sharply in ampli
tude. The resulting shape of the wave is 
interpreted as meaning that the electron 
gets through the hill without having 
been pushed over it. The effect of posi
tive and negative resistances associated 
with tunnel diodes is shown by the ac
companying graph [top of next page], in 
which increasing current is plotted up
ward on the vertical co-ordinate and in
creasing voltage from left to right on the 
horizontal co-ordinate. Observe that as 
the voltage increases from zero the cur
rent rises to point B, as one expects of 
ordinary circuits. From .05 volt to .35 
volt, however, the current drops to D, in 
apparent defiance of Ohm's law. Beyond 
.35 volt the current again increases with 
increased voltage. 

"If the diode interposed no positive 
resistance, the current would increase 
without limit, independent of the volt
age, and the absence of resistance (zero 
resistance) would be represented by the 
vertical co-ordinate of the graph. Simi
larly, if the diode behaved as an infinite
ly high resistance, or open circuit, the 
graph would coincide with the horizon
tal co-ordinate. Intermediate values of 
resistance would be plotted as straight 
lines at intermediate angles, their slope 
representing the resistance. In thi.; graph 
the continuously changing slope i:Jdi
cates how the resistance of the tunnel 
diode changes with applied voltage. At 
the origin of the co-ordinates (no voltage 
applied to the diode) the graph rises al
most vertically, indicating that the diode 
has little resistance. At points Band D, 
representing applied potentials of .05 
and .35 volt respectively, the graph be
comes horizontal, indicating infinite re
sistance. The upward slopes from A to 
B and from D to C indicate the ranges 
of applied voltage through which the 
diode exhibits finite values of positive 
resistance, and the downward slope from 
B to D represents the voltage range 
through which the tunneling effect and 
phenomenon of negative resistance ap
pear. 

"Any device characterized by nega-
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liquid 
DRI-C020L®the first 1\ C02 

freeze-dry equipment 
Stow the screw driver and hammer. The 
answer to safe, inexpensive and accurate 

freeze·drying of heat·sensitive laboratory 

specimens is here. It's called DRI·COOL . • • 
offering laboratories, hospitals and rlsearch 

centers the first I iquid carbon dioxide freeze· 
dryer ever developed. Processing of blood, 
viruses, vaccines, protein extracts and other 

labile substances is safe, fast, and without 
the mess of dry ice. No danger of fir.e or toxic 
reaction from the acetone or alcohol used 

with dry ice devites either. Just hook up a 
bottle of instantly available liquid CO·2, 
which can be stored indefinitely, flick a few 
switches, open a valve, and you're off! We 

th !nk DRI·C020L is the best freeze·dryer in 
this cold, cold world. The price? That's cool 

too ... just a fraction of the cost of com· 

parable mechanical refrigeration units! Ask 

your supplier to demonstrate one. Better 

yet, write us for literature, and we'll tell 
him to call on you. 

�SOclated 
ASSOCIATED TESTING LABORATORIES, INC. 

164 Route 46. Wayne, N. J. • Clifford 6·2800 
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Graph of tunnel diode characteristics 

tive resistance, whether electrical or 
mechanical, can be made to generate 
oscillations if it is coupled to a resona
tor. In the electrical case this could be a 
capacitor connected to an inductance; 
in the mechanical it could be a flvwheel 
linked to a coiled spring. Eve� short 
lengths of wire act as small inductances 
as well as small resistances; adjacent 
parts of even the simplest circuit con
stitute a capacitor. Indeed, the simplest 
tunnel diode oscillator consists of noth
ing more than the diode, a battery and 
a rheostat [see bottom illustration on 
tllis page I. 

"Assume that such an apparatus has 
been assembled and that the rheostat 
has been adjusted so that the average 
voltage across the diode corresponds to 
a point on the horizontal co-ordinate of 
the first graph between B and D. At the 
moment the battery is connected the 
voltage will start to rise across the diode. 
The rise will not be instantaneous, be
cause a portion of the energy will appear 
in the form of a growing magnetic field 
around the conductors. As the portion of 
the voltage that appears across the diode 
rises, current will increase to B. At B 
the diode becomes an infinite resistance 
and the voltage across it rises instantly 
to point C, as indicated bv the upper 
broken line in the graph. The magnetic 
field surrounding the conductors then 
starts to collapse and generates an op
posing potential that in effect gradually 
lowers the voltage across the diode at 
a rate indicated by the graph between 
C and D. At D the negative-resistance ef
fect appears, the voltage across the diode 
drops abruptly to A and the next cycle 
begins. 

"The action can be observed bv 
connecting the vertical electrodes of � 
c<Jthode-ray oscilloscope across the diode 
and the horizontal electrodes to an oscil
]ator for sweeping the beam of the oscil
loscope across the screen at a uniform 
rate and in synchronism with the oscil
lating diode. When the oscilloscope is 

properly adjusted, the resulting pattern 
resembles a Z drawn with a vertical 
rather than a diagonal stroke. The upper 
bar of the Z represents the time that 
the diode spends in the high-voltage 
state, as indicated by the region from 
C to D of the graph. The vertical bar 
of the Z represents the instant at which 
the voltage snaps from D to A, and the 
lower bar the time spent by the diode 
in the region of positive resistance be
tween points A and B [see illustration 
on opposite page]. 

"The frequency at which a tunnel 
diode oscillates this circuit is determined 
bv the resistance of the total circuit, the 
included inductance and the magnitude 
of the battery voltage. The trick in apply
ing tunnel diodes as oscillators consists 
mostly of connecting a resonant circuit 
of the desired frel]Uency to the diode and 
suppressing the influence of those parts 
of the circuit that resonate at unwanted 
frequencies. The components used in the 
chronometer, their physical placement 
on the chassis with respect to one an
other and the shielding that surrounds 
them were all selected to accomplish this 
objective. 

"The circuit of the chronometer con
sists of three sections: the crystal oscilla
tor, frequency dividers and the power 
amplifier, together with its associated 
motor. The components are appropriate 
for use with either a 100-kilocycle or a 
120-kilocvcle quartz crystal, except that 
each crystal rel]uires a minor change in 
the oscillator circuit. Moreover, a 50-
cycle motor must be used with the 100-
kilocvcle crystal and a 60-cycle motor 
with the 120-kilocycle crystal. 

"A sheet-metal chassis some six inches 
square and two inches high accommo
dates all wiring and circuit components. 
I combined two units measuring 6% by 
3Js bv IJ� inches, but a single one of ade
quate size that provides complete shield
ing from external electrical disturbances 
will suffice. Power for driving the motor 
is provided by a transistor amplifier that 
is mounted on the terminal board of the 
motor. The accompanying circuit dia
gram and photograph show the wiring 
and the physical arrangement of the 
parts [see pages 160 and 162]. 

Diagram of tunnel diode oscillator 
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10 P ser/cm. .2 V/cm. 
Oscilloscope pattern 0/ oscill((ting diode 

"The accuracy of the chronometer de
pends on the performance of the quartz 
crystal. For maximum frequency stabil
ity the crystal should not be subjected 
to wide variations in temperature. Pref
erably one should use a vacuum-mount
ed CT-cut qUal'tz crystal that has been 
aged, such as those manufactured by the 
Northern Engineering Laboratories of 
Burlington, Wis. Vacuum-mounted DT
cut crystals are less expensive and may 
be substituted. When using a suitable 
DT-cut crystal, one can expect a fre
quency change of about one part per 
million for a 10-degree-centigrade tem
perature change. Other electrical prop
erties of quartz crystals, such as the 
equivalent series-resonant resistance, are 
important in this application; this article 
should therefore be mentioned when the 
reader is ordering a crystal for use in the 
chronometer. 

"The schematic diagram shows one 
small fixed capacitor and two small vari
able capacitors connected to one side of 
the crystal, a total of 110 micromicro
farads that can be increased or decreased 
through a range of about five micro
microfarads in either direction. The com' 
bination serves as the load capacitor and 
is appropriate for a CT-cut crystal. For 
a DT-cut the five-micromicrofarad range 
is inadequate. It can be increased by sub
stituting a trimmer capacitor of wider 
range such as a JFD VC-23C. If this 
expedient proves to be inadequate, small 
fixed capacitors can be added as re
(luired. Small changes in the frequency 
of the crystal are made by altering the 
setting of the trimmer capacitors. They 
serve as the fast-slow adjustment of the 
chronometer. 

"The clock motor operates on less than 
300 millionths of a watt. It is the modest 
power requirement of this motor that 
enables the clock to operate for six 
months on a fresh mercury battery. If 
extended battery life is not a consid
eration, the experimenter may substitute 
a conventional two-watt clock motor by 
adding an appropriate transistor ampli
fier to the output. Orders for the low
power motor should be addressed to 
the attention of J. H. Robinson, Clock 
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and Timer Department, General Electric 
Company, Ashland, Mass. 

"The assembled clock is placed in 
. operation by adjusting the several cir
I cuits so that the motor runs on the de

sired submultiple of the crystal frequen
cy and indicates the correct time. The 
tools for making the adjustments include 
two milliammeters, one of which indi
cates two milliamperes full scale and the 
other one milliampere; a high-impedance 
voltmeter calibrated to indicate about 
two volts full scale; a 1.5-volt drv cell; an 
oscilloscope (preferablv calibr:lted); a 
5,000-ohm, lO-turn helipot; a 1,000-ohm 
variable resistor and an assortment of 
clip leads. 

"Proper voltages (biases) are first ap
plied to the diodes, and the frequencies 
of the oscillators that function as fre
quency dividers are adjusted to the de
sired values. In the case of a chronometer 
that operates from a 100-kilocycle crvstal 
oscillator, the first divider oscillator is 
designed to operate just below 10,000 
cycles per second. When the high fre
quency of the crystal unit is coupled to 
this tunnel diode, everv 10th pulse from 
the crystal arrives just in time to advance 

t North Hills I:�. type 1000-L 

111,500 �fd. :::'00- � 
-=;c 500 fLh 5 

Mallory 
mercury 
cell type 

+ RM4ZR 

J'-.S34 
10 

+ 

All mfd.-

the action of the diode slightlv and thus 
force it to oscillate precisely 10,000 
times per second. Similarly, the output 
of the 10,000-cycle unit is superimposed 
on tbe succeeding diode, which in the 
absence of external disturbance is de
signed to operate just below 1,000 cycles 
per second. The remaining stage is simi
larly interlocked to its predecessor and 
reduces the frequency to 50 cycles per 
second. 

"To make the required adjustments 
disconnect the battery lead from the 
motor and the 2.5-millihenry choke from 
the transistor. Connect a clip lead across 
the oscillator tunnel diode. Set the 100-
ohm variable resistors in the divider cir
cuits at maximum resistance. Replace the 
mercurv batterv with the 1.5-volt drv . .  . 
cell in series with the two-milliampere 
milliammeter and the helipot, set at 
maximum resistance. With the oscillo
scope connected between the ground 
and point A, as indicated in the circuit 
diagram, adjust the first divider so that it 
spends half of the operating period in 
the high-voltage condition. The adjust
ment is made by lowering the settings 
of the 100-ohm variable resistor and the 

91 mmfd. 

North Hills 
type 700-D 

1�-25 m h 

8,000 

mmfd. 

T.D. 

North Hills ---------
type 700- G 

100-::Z50 mh 

helipot. This is a matter of trial and 
error. The desired oscilloscope pattern is 
shown in the accompanying illustration 
[page 159]. The' second and third di
viders are similarly adjusted. Then, using 
the calibrated sweep rate of the oscillo
scope to measure the time, adjust the 
period of the first divider circuit to about 
100 microseconds bv altering the setting 
of the 13-to-25 microhenry inductor and 
similarly adjust the inductors of suc
ceeding divider circuits for ratios of 10: 1 
and 20: 1. The latter ratio is associated 
with the UTC choke. 

"The division ratios are determined 
simply by counting the number of pulses 
displayed by the oscilloscope. The UTC 
choke requires extra attention. If it is 
adjusted from a low value upward, a 
mechanical shock will increase its in
ductance. Similarly, if it is adjusted to a 
low value, a mechanical shock will de
crease it further. For proper adjustment 
the knob of the unit should be rotated 
plus and minus 10 degrees on each side 
of the desired value and then gradually 
centered. Two expedients are available if 
the highest setting of the UTC inductor 
is inade(luate. First, select for this func-

.1 mfd. 

Ge diode 
lN98 
Ipoommfd. 
1.000 

51 diode 
1N62� 
.01 mfd. 
1,000 
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Adj ust R for collector current of 
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130 feet takes longer than 180 million miles 

Jet Propulsion Laboratory's new 9-story 

Central Engineering Building will take 12 
months to go up. Venus-bound Mariner 2 
travelled more than 180 million miles in 

less than four months! 

The 447-pound spacecraft has finished 

its data-gathering job. But JPL is just be

ginning to scratch the surface of space. 

Moon shots, deep space electronic probes, 
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And up. Over 168,000 square feet for 
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space explorations, send your resume to 

JPl. Your office may not be bigger, but 

your room will be. 

JET PROPULSION LABORATORY 
4802 Oak Grove Drive, Pasadena, California 
Attention: Personnel Department 8 "An equal opportunity employer." I JPt is operated by Colifornia Institute of T e
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for the Notional Aeronautics & Space AdmlnlslralJOn. 
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tion the tunnel diode that is marked 
with the highest current value by the 
manufacturer. (These tunnel diodes 
come so marked.) Then, if the unit still 
refuses to operate properly, replace the 
1,000-ohm resistor that is connected to 
the associated IN629 diode with a re
sistor of higher value, up to 7,500 ohms, 
but do not use more resistance than is 
necessary. 

"Vary the helipot and note the current 
range through which the correct fre
quency ratios obtain. The sequence of 
adjustments of the inductors and the 
100-ohm resistors should be repeated 
until the current range for proper oper
ation of the bst two counters is a max
imum. Record the current range (.85 to 
one milliampere) as well as the current 
reyuired for the 50 per cent duty cycle 
(.95 milliampere). This information is 
essential for making subsequent adjust
ments. 

"N ext, disconnect the 1.5-volt dry cell 
and reset the helipot to maximum resist
ance. Remove the clip lead that was 
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across the oscillator tunnel diode and 
connect it between the ground and the 
junction of the 100-ohm and 200-ohm 
fixed resistors in the oscillator circuit. 
This short-circuits all the divider cir
cuits. Set the 300-to-500 microhenry in
ductor at minimum inductance. Connect 
the oscilloscope between the ground and 
the junction between the oscillator tun
nel diode and the 8,000-micl'Omicrofarad 
capacitor. Reconnect the battery and ad
just the helipot and the 100-ohm control 
in the oscillator circuit so that the oscil
lator is running and draws the same cur
rent (.95 milliampere) as was recorded 
for the 50 per cent duty cycle. Again 
vary the helipot and note the current 
range for oscillation. This should easily 
bracket the divider-current range (.85 to 
one milliampere). 

"Disconnect the dry cell, remove the 
clip lead and connect a high-impedance 
voltmeter across the battery input termi
nals. Reconnect the 1.5-volt dry cell 
and adjust the helipot and the 250-ohm 
variable resistor so that voltage at the 

Chassis of the clock seen from below 

battery input terminals is 1 .35 volts and 
the current is that corresponding to a 
50 per cent duty cycle (.95 milliampere) 
in the dividers. Make sure that the crys
tal oscillator is operating. The three di
vider inductors should be trimmed to 
maintain the proper division ratios while 
the input voltage is decreased by increas
ing the resistance of the helipot. Now 
adjust the 250-ohm resistor and the heli
pot so that the input voltage indicated 
is again 1.35 volts but the current is 
larger (although somewhat less than the 
maximum for proper operation). Con
nect the 2.5-millihenry choke to the tran
sistor. Connect the motor circuit to a 
separate mercury battery in series with 
the one-milliampere milliammeter and 
the 1,000-ohm variable resistor, set at 
zero resistance. Select a biasing resistor 
(R) for the transistor so that the mo

tor draws approximately .5 milliampere 
while running. The required resistance 
will be on the order of 40,000 ohms. 
Doubtless it will be necessary to re
adjust the 100-ohm resistor in the 20-
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ENGINEERS SCIENTISTS 

easure the MAGNITUDE of th 
technology 

... where a satellite may be just one element in a vast instrumentation system 
Using a satellite to assist in monitoring flight performance of 

a Manned Space Vehicle is only one of the forward-looking proj

ects under study by the Advanced Planning Group of PAN AM's 

Guided Missiles Range Division at Cape Canaveral. 

Since 1953, the need to match range instrumentation systems 

with the constantly advancing capabilities of new missiles and 
space vehicles has spurred PAN AM to create a whole new range 

technology for the Atlantic Missile Range. 

TODAY THE EFFORT IS ACCELERATING. PLANNING IS UNDER 

WAY AT 3 TIME LEVELS. 1. To meet the specific needs of 
scheduled launchings immediately ahead. 2. To meet the reo 

quirements of launch programs of the next 5 years. 3. To pre· 

pare for manned lunar flights and work as far into the future 

as the late 70's projecting range technology for interplanetary 
vehicles now existing in concept only. 

YOU ARE INVITED TO INQUIRE ABOUT THE FOLLOWING OPPORTUNITIES: 
Systems Engineers-EE's, Physicists capable of assuming 
complete project responsibility for new range systems. 

Instrumentation Planning Engineers-EE's, Physicists to be 
responsible for specific global range instrumentation concepts. 

Advance Planning Engineers- EE's, Physicists to evaluate 
and project the state·of·the-art in all applications of range 
i nstru mentation. 

Experience in one or more of these areas: Pulse radar, CW 
techniques, telemetry, infrared, data handling, communications, 
closed circuit TV, frequency analysis, command control, under· 
water sound, timing, shipboard instrumentation. 

Why not write us today, describing your interests and qualifica· 
tions in any of the areas above. Address Dr. Charles Carroll, 
Dept. 6 8 _ C , Pan American World Airways, Inc., P.O. Box 
4465, Patrick Air Force Base, Florida. 

GUIDED MISSILES RANGE DIVISION 
-

PATRICK AIRJORCE BASE, flORIDA 
AN EQUAL OPPORTUNITY EMPLOYER 

PAN AM is now creating the range technology for launches of DYNA-SOAR, GEMINI, APOLLO, ADVANCED SATURN BOOSTERS 
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Measure 
10 Microvolts (II V) to 
320 Volts (V) 
TRUE-RMS of a wide 
range of waveforms 
and frequencies 

... with Ballantines' Model 
320A True-RMS Voltmeter 
The true-rms or "effective" voltage of white 
noise, pulse, square wave, or sinusoidal sig
nals may be measured accurately_ Voltage 
readings are taken from individually-cali
brated logarthmic scales designed to provide 
uniform accuracy and precision of reading 
over their entire five inch length_ Accuracy 
is stated in % of actual reading and not in 
0/0 of full scale deflection_ Model 320A may 
be used to make measurements on signals 
whose peaks may be as much as 15 times as 
high as the true rms of the overall signaL 
The 320A measures true-rms over approxi
mately one second of time, and special varia
tions may be ordered for averaging readings 
over several seconds_ 

Voltage range _______ . . . . . . .. 100,uV to 320 V 
no ,uV to 100 ,uV in NULL DETECTOR mode) 

Frequency range .............. 5 cps to 4 Mc 
(3 db bandwidth is 2 cps to 7 Mc) 

Accuracy at ANY POINT ON THE SCALE, 

ANY VOLTAGE . . . . .. . _ . . 2%, 20 cps to 400 kc; 
3%, 10 cps to 2 Mc; 4%, 10 cps to 4 Mc 

Input impedance . . , 10 megohms in parallel with 
11 or 17 pF 

Amplifier Characteristics. _ _ _ _ 90 ± 1 db, 5 cps 
to 4 Mc 

DC Output to recorder.. 0.2 volts, corresponding 
to full scale deflection 

Power supply . . 115/230 V, 50-420 cps, 90 walts 
Portable or rack versions available 
Price: Portable $465; Rack $485_ 
Please write for 4-page brochure giving many 
more details, referring to SA-3_ 

4) BALLANTINE 
LABORATORIES INC. 
BOONTON NEW JERSEY 
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tool divider circuit so that the associated 
tunnel diode spends half of its time in 
the high-voltage condition, as it did be
fore the transistor was connected. Re
move the temporary power supplies and 
reconnect the motor circuit. Install the 
mercury batterv. (Incidentally, I use two 
battery holders so that a batterv can be 
replaced without stopping the chronom
eter.) If the quartz crystal oscillator does 
not start, it may be necessary to adjust 
the 250-ohm variable resistor. After the 
crystal goes into operation the resistance 
is promptly restored to its former value. 

"The chronometer will now run when 
the 'start' control of the motor is oper
ated. After the hands have been set to 

I 
HoK 

srNorth Hills 
H type 700-£ 

.1 
mmfd. 

Stance!" 
PS841G 

� 

� A.C. 

115 g 
� 

North Hills 

-

� �1 
lN1695 � 125 

� 

the correct time and the rate of the 
crystal oscillator has been regulated, the 
instrument is ready for service. The rate 
should be adjusted first. The 5,000-
kilocvcle carrier frequency that is broad
cast by the National Bureau of Standards' 
radio station WWV can be used as a ref
erence. A signal from the crystal oscilla
tor can be picked up by inserting a small 
coil consisting of a few turns of magnet 
wire through the hole in the chassis near 
the oscillator coil. The output of this 
coil is amplified to drive a frequencv 
multiplier set for the 50th harmonic. 
The output frequency of the multiplier 
will be close to 5,000 kilocycles. It is 
mixed with the incoming signal of WWV 
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North Hill:. 
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Diagram of circuit for clock raelio receiver 
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F-ll1, formerly designated TFX, bi-service tactical fighter for the Air 
Force and the Navy, is in the design and development stage at General 
Dynamics/Fort Worth. _ Qualified engineers and scientists will find 
absorbing opportunities in virtually all disciplines with this new project, 
as General Dynamics/Fort Worth continues pioneering technological 
development of the Southwest. _ If you would be a part of this scientific 
adventure, send a resume of your training and experience to General 
Dynamics/Fort Worth, P. O. Box 748, Fort Worth, Texas. An equal 
opportunity employer. 

GIIIIIIIID GENERAL DVNAMIC:S I FORT WORTH 
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Are you working On projects that really 

challenge you? Is your creative initia

tive encouraged? Are you advancing 

professionally . .. growing . .. learning? 

Are opportunities to move up ready 

and waiting as fast as you earn them? 

o Scientists working at the new mul-

ti-million-dollar Chemstrand Research 

Center can give an honest "Yes" an

swer to all these questions. Their fu

ture looks just as bright as Chem

strand's own future in the dynamic 

chemical-fiber field. They are growing 

faster because Chemstrand's own dy

namic growth creates greater oppor

tunity for advancement. 0 If you can't 
honestly answer "Yes" to the ques

tions in the first paragraph, you owe 

it to yourself to look into the many 

bright sides of a future with Chem

strand. Chemstrand Research Center, 

Inc., is a subsid'iary of Monsanto 

Chemical Company. For details, write 

to: Supervisor, Employment, Depart

ment T34, Chemstrand Research Cen

ter, Inc., P. O. Box 731, Durham, N. C. 

CI-EMsrRANJ 
RESEARCH CENTER, INC. 
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and the resulting beat frequencv is ob
served on an oscilloscope. Adjust the os
cillator for zero beat with the carrier 
frequency At Schenectady, NY, it is 
possible by this method to regulate the 
chronometer to within a few parts in 10 
million of the WWV signal. 

"I usually start the chronometer so 
that the second hand is about five sec
onds ahead of the seconds signal of 
WWV. Then, by temporarily decreasing 
the setting of the 250-ohm variable re
sistor (the resistor connected in series 
with the battery), the last frequency 
divider is made to operate at a division 
ratio of 21 to 1 instead of 20 to 1. 
When the second hand falls into step 
with the correct seconds signal, the re
sistor is quickly restored to its former 
setting. A word of caution The gears 
of the motor have some backlash, so 
always read the time at the same second 
each minute. I make adjustments just as 
the second hand crosses 12. 

"The carrier frequency received from 
WWV at locations more than 100 miles 
from the transmitter are subject to un
predictable error. The signal is received 

after one or more reflections from the 
constantly moving ionosphere and the 
frequency is accordingly altered by a 
Doppler shift. Some of the very-low
frequency radio stations maintained by 
the Navy blanket the nation with direct 
signals unaffected by the ionosphere 
and regulated to the same accuracy as 
WWV. Stations such as NAA at Cut
ler, Me. (14.7 kilocycles), and NSS at 
Annapolis, Md. (22.3 kilocycles), are 
examples. They can be picked up by 
means of a single-tube receiver [see il
lustration on page 164]. The frequency 
of these stations is evenly divisible by 
50. The triggered horizontal sweep of 
the oscilloscope can therefore be syn
chronized with the chronometer output 
frequency for displaying the radio sig
nal on the screen. Zero beat is indicated 
when the oscilloscope pattern stands still. 

"A somewhat more formal paper that 
supplements this account of the chro
nomete� is now available. Requests for 
copies should be addressed to: R. L. 
Watters, Semiconductor Studies, Gen
eral Electric Company, P.O. Box 1088, 
Schenectady, N.Y." 

The clock (IS it appeared after its completion 
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__ -------------- ENGINEERS ·  SCIENTISTS ---------------..... 

Should you join an elite group devoted 
exclusively to satellite communications ? 

Draw Your Own Conclusions 
From These Facts: 

Background: 

ITT - I n t e l c o m  w a s  e s t a b l i s h e d  i n  
N ovember 1 962 by I nternational Tele
phone and Telegraph Corporation. Its  
primary task for the next  four years 
is  to provide technological assistance 
to the Defense Commu nications Agency 
i n  systems planning, design and systems 
management for the global Military 
Communications Satellite System pro
gram. 

Scope: 

The magnitude of technical involve
ment is  vast, encompassing the engi
neering of compatible space borne and 
ground electronics in  systems incorpo
rating both random and synchronous 
orbiting satell ites. I n  addition, we will 
be concerned with integration of the 
complete MCSS with all existing U.S.  
m i l i t a r y  c o m m u n i c a t i o n s  n e tw o r k s  
a r o u n d  t h e  w o r l d .  

Approach: 

This is  essentially applied research; the 
immediate result  is analysis rather than 
hardware. Our take-off point in devel
oping system design criteria is  to work 
first with the best that exists today in 
theory, techniques and equipment 
then to proceed to optimize all  aspects 
of the system. New theoretical ap
proaches will also be applied. 

Professional Climate: 

Intelcom's organizational structure is 

notable in its non-conformance to in
dustry's usual pyramid of l ine respon
s ibi l i t ies. As a result ,  our engineers and 
scientists are freed from u nproductive 
admi n istrative obligations and non-tech
nical detail .  At full strength, Intelcom 
will not exceed approximately 1 40 high 
level  technical and support personnel. 

Important Note: 

As you scan the brief descriptions of 
current openings, p lease bear i n  mind 
that the calibre of man we seek is  prob
a b l y  e a r n i n g  b e t w e e n  $ 1 1 ,0 0 0  a n d  
$ 1 7 ,000 today. At Intelcom, such a n  
individual w i l l  fi n d  an abundance o f  
opportunity for further growth and 
professional achievement. 

PARTIAL LIST OF 
IMMEDIATE OPENINGS 

COMMUNICATION TRAFFIC ENGINEER 

Skilled in statistical approach and queueing 
theory as applied to communication problems. 
Familiarity with topology and network rou
tines desirable. BS or MSEE. 

TELECOMMUNICA TlON ENGINEER 

Familiar with design of h igh performance 
communications systems, not necessarily ra
dio. Detailed knowledge of CClTT and other 
Long-Line System terminology and routines 
leading to satisfactory signal transmission. 
Detailed knowledge of intermodulation noise 
problems desirable. BS or MSEE. 

COMMUNICATIONS MODULA TlON/ 
DEMODULA TlON/ ANTI-JAM 
TECHNIQUE SPECIALIST 

With detailed knowledge of modulation tech
niques in amplitude single side band, fre
quency phase, FM FB, anti-jam (pseudo-nOJse) 

modulation, demodulation and information 
theory. MS minimum. 

ANTENNA SYSTEMS ENGINEERS 

Experience in either airborne, or large steer
able ground antenna systems. Work will in
volve development of design criteria for 
advanced antenna systems and analysis of 
proposed designs. For spacecraft antenna 
opening, must have related background, par
ticularly in connection with coverage , sWitch
ing and method of beam steering. M S  o r  PhD. 

RECEIVER AND TRANSMITTER 
ENGINEER 

Experienced in design of low noise systems 
including masers and parametric amplifiers 
and attendant problems of cryogenic cooling. 
CW microwave transmitter experience is de
sirable. MS. 

SYSTEMS ANALYST 

Experienced in programming, problem forma
tion and network simulation. Assignment will 
include development of simulation programs 
for satellite scheduling and coverage as well 
as the computer solution of other scientific 
problems. MS or PhD. 

COMMUNICATIONS THEORIST 

Strong knowledge and experience in the ap
plication of formal disciplines of communica
tions theory. Work will involve studies of 
adv anced techniques of information trans
mission and analysis of proposed implemen
tations. MS or PhD. 

For more information about these and 
other immediate openings at  our Wash
ington facility,  write fu lly i n  confidence 
t o  M r. H .  T. C u rr a n ,  Box 9 3 - M F, 
ITT - I ntelcom, I nc . ,  5 8 1 7  Col umbia 
Pike,  Bai ley's Crossroads, Va. ( 1 5  min. 
from downtown Washington, D. C.) 

An Equal Opportunity Employer 

ITT I NTELCOM, INC. 
International Telephone and Telegraph Corporation 
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A SPECIAL OFFER TO READERS CONCERN ED WITH N EW 
D EVELOPM ENTS IN MATHEMATICS & TECHNOLOGY 

Choose Any Two OF 20 
OUTSTANDING 

WORKS FREE 
(VALUE  UP TO $5 1 .90) 

when you join J'he Library of Science 

Choose your  first Selection from among these 20 fine books 

T HIS special G ift Book Offer has been ar
r a n g e d  by The L i b r a r y  of S c i e n c e  a s  a 

service to scientists concerned with new develop
ments in mathematics and technology. Out of 
the many excellent works in the field, our edi
tors have selected these 20 outstanding titles
each of them research tools designed to "work" 
for you . Choose any two of them-a value up to 
$51 .90-as your free Membership Gift, along 
with your first Selection at the reduced Mem
ber's Price. We know of no better way for you 
to discover for yourself the calibre of books and 
the substantial savings (at least 40% ) available 
to you as a member. May w e  invite you to mail 
us your choices today? 

I NTERNAT I O N A L  D I CT I O NARY 
OF A P P L I ED MAT H E M AT I C S .  
1 1 77 p g s .  More than 8 ,000 
entries on applied mathe
m a t i c s ,  p h y s i c s  a n d  e n g i 
neering. LIST PRICE $25.00 

MEMBER'S PRICE $14.95 

S Y M B O L S ,  S I G N A L S  A N D  
N O I S E ,  b y  J o h n  R .  P i e r c e .  
Concepts and applications 
of electrical and mechanical 
transmission o f  messages.  
m a c h i n e  b e h a v i o r  a n d  
physics. LIST PRICE $6.50 

MEMBER'S PRICE $5.50 

Which 2 works may we send you FREE? 

1'he Library of Science L 1 26 
59 Fourth Avenue, New York 3, N. Y. 

Please enroll me as a member and send me the 
two free books and first Selection I have indicated 

, below. Bill me for my first Selection only, at the 
reduced Member's Price, plus postage. I need take 
as few as three more Selections during the next 1 2  
months from the 200 o r  more available t o  me, and 
I receive a Bonus Book of my choice free after 
every fourth Selection. 

16 8 

2 Membership 1 .  ------------
Gift Books: 2. ___________ _ 

First Selection-------------

Name . .  

Address . 

City . . • . . • . • . . . . . . . . .  Zone . . . .  State . .  

T H E  A G E  O F  E L E C T RO N I C S ,  
e d .  b y  C .  F .  J .  O y e r h a g e .  
MIT's Lincoln Laboratory 
series with outstanding pio
neers outlining prospects in 
m a s e r s ,  t r a n s i s t o r s ,  s a t 
e l l i t e  relays,  c o m m u n i c a 
tions. LIST PRICE $ 7 . 9 5  

MEMBER'S PRICE $5.95 

NATU R E  O F  THE C H E M I CA L  
BON D ,  b y  L inus Pau l i n g .  The 
Nobel Prizewinner's brilliant 
p r e s e n t a t i o n  of m o d e r n  
structural chemistry. 

LIST PRICE $ 8 . 8 5  
MEMBER�S PRICE $6.50 

A S T R O N O M Y  OF T H E  2 0 t h  
C E N T U R Y ,  by S t ru v e  & Z e 
bergs. The monumental, lav
ishly illustrated history of 
major achievements of the 
past 60 years. "What Toyn
bee might like to do for the 
history of mankind." Wer
ner von Braun. 

LIST PRICE $ 1 2.50 
MEMBER'S PRICE $ 7.95 

G R O W T H  IN L I V I N G  S Y S 
T E M S ,  e d .  by M .  X.  larrow. 
775 pages. 35 leading scien
tists present recent research 
o n  one o f  b i o l ogy's m o s t  
i m p o r t a n t  frontiers-cells,  
genes,  DNA, viruses, etc.  

LIST PRICE $ 1 5 .00 
MEMBER'S PRICE $ 9.95 

F U N D A M E N TA L S  OF C E l E S
T I A L  M E C HA N I C S ,  by J. M. A .  
Danby. Comprehensive over
view with introductory vec
tors and vectorial mechanics. 
Two-body problem, orbit de
termination,  c a l c u l a t i o n  of 
perturbations. 

LIST PRICE $ 8 .00 
MEMBER'S PRICE $5 .95 

R E C E N T  D E V E l O P M E N T S  I N  
I N F O R M AT I O N  & D E C I S I O N  
P RO C E S S E S ,  e d .  b y  R o b e r t  
Machol & P a u l  G r a y .  1 6  lead
ers report on the frontiers 
of information and decision 
theory with current applica
tions. LIST PRICE $ 8 .00 

MEMBER'S PRICE $5.95 

B EAT T H E  DEALER by Edward 
T h o r p  & T H E  C O M P L E A T 
S T R AT E GY S T  by J. D. w u
I iams.  Two sound, delight
ful treatments of the mathe
matics of " 2 1 "  and games of 
s t r a t e g y .  ( C o u n t s  a s  o n e  
Selection . )  LIST PRICE $ 1 0.00 

MEMBER'S PRICE $ 7 .95 

A STY l E  MANUAL FOR TECH
N I C A L  W R I T E R S  A N D  E D 
I T O R S ,  e d .  b y  S .  J .  Reisman. 
C o m p r e h e n s i v e  g u i d e  to 
every a s p e c t  of p l a n n i n g ,  
writing, producing technical 
communications. 

LIST PRICE $8 .QO 
MEMBER'S PRICE $5.95 

MAT H E M AT I CA L  P U Z Z l E S  & 
D I V E R S I O N S ,  by Martin Gard
ner.  Two yol s .  From hex a
flexagons to 4-dimensional 
t icktack toe-442 p ag e s  of 
superb recreation and men
tal exercise. (Counts as one 
Selection . )  LIST PRICE $7.45 

MEMBER'S PRICE $5.75 

H E N D E R S O N ' S  D I C T I O N A R Y  
OF SC I E NT I F I C  T E R M S ,  ed. b y  
J o h n  H .  Kenneth . N e w  edition 
o f  this d ist inguished d i c
tionary bridges the commu
nications gap in the biologi
cal sciences. 1 5 ,600 entries. 

LIST PRICE $ 1 2.50 
MEMBER'S PRICE $ 7.95 

A H I STORY OF T E C H N O LOGY, 
Vol . V, e d .  by Charles S i nger, 
et .  01. The late nineteenth 
century (c. 1 850-c. 1 900 ) . 
8 8 8  pages, 530 illustrations. 

LIST PRICE $26.90 
MEMBER'S PRICE $ 9.95 

M A T H E M A T I C A L  M E T H O D S  
F O R  D I G ITAL COMPU T E R S ,  ed. 
by A .  Ralston & H . Will.  26 
chapters covering mathemat
i c a l  analysis  of c o m p u te r  
t e c h n i q u e s  p l u s  d e t a i l e d  
methods f o r  practical use. 

LIST PRICE $9.90 
MEMBER'S PRICE $6.75 

CHAMB E R S ' S  T E C H N I C A L  D I C
T I ONARY, ed. by Tweney & 
Hughes . Revised 3rd Edition 
of the reference work in its 
field. 1028 pages, over 60,-
000 entries. LIST PRICE $7.95 

MEMBER'S PRICE $ 5 .95 

MATH EMAT I C S  A N D  PLAU S I 
B L E  R EASON I N G ,  by George 
Polya. Two yols. Induction 
and Analogy in Mathematics 
and Patterns of Plausible 
Inference. ( Counts as .. one 
Selection . )  LIST PRICE $9.00 

MEMBER'S PRICE $6.50 

S P E C I A L  FUNCT I ON S ,  by Earl 
D .  Rai nvi l le .  Most complete 
t r e a t m e n t  of g e n e r a t i n g  
functions, hypergeometric  
a n d  ell iptic  functions f o r  
physical, chemical, and en
gineering applications. 

LIST PRICE $ 1 1 .75 
MEMBER'S PRICE $ 7 .95 

PHYS I C A L  THEORY O F  N E U 
T R O N  CHA I N  R E ACTO R S ,  b y  
A .  W e i n b e r g  & E .  W i g n e r .  
"First authoritative a n d  uni
fied account of modern re
actor theory." R. Charpie. 

LIST PRICE $ 1 5 .00 
MEMBER'S PRICE $ 9.95 

P H Y S I C A L  P R I N C I P L E S  O F  
ASTRONAUT I C S ,  b y  Arthur I .  
Berman .  Thorough exposition 
including physics of solar 
system, dynamics of space 
flight, dynamical astronomy. 

LIST PRICE $9.25 
MEMBER'S PRICE $6.95 

PROBAB I L I TY THEORY & ITS 
A P P L I CAT I O N S ,  b y  W i l l i a m  
F e l l e r .  "A rigorous and uni
fied account i n  the light of 
modern investigations." W .  
M .  Hirsh. LIST PRICE $ 10.75 

MEMBER'S PRICE $ 6.95 

The Library of Science, 59 FOURTH AVENUE. NEW YORK 3. N. Y. 
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by James H. Newman 

THE DISCOVERY OF NEPTUNE , by Mor
ton Grosser. Harvard University Press 
( $4 .95 ) . 

Never in the history of science was 
there a more dramatic discovery 
than that of the planet Neptune . 

Never was there a more spectacular 
demonstration of the extraordinary pow
er of the mind's eye . So much is true, and 
the feat is grand enough to nourish human 
pride ; but it is also true that the story 
has its share of the comic and the ridicu
lous, of jealousy and vanity, of ignoble 
ambitions and nationalistic passions .  In 
this fresh account Morton Grosser, a 
young historian of science, describes the 
men involved and follows the principal 
events from the discovery of Uranus to 
the absurd conflict over priorities that 
followed the actual telescopic identi
fication of Neptune at the Berlin Observ
atory on the night of September 23, 
1 846.  The story has been told many 
times, one of the best versions being 
that of the late Sir Harold Spencer 
Jones, published in 1947, but Grosser's 
small book ( regrettably un illustrated and 
overpriced )  presents what is ,  as far as 
I know, the fullest, most detailed study 
both of the main circumstances and the 
side lights . He has gone through the doc
uments at the University of Cambridge 
and the Paris Observatory and carefully 
examined the other primary sources, 
without allowing the sheer weight of the 
material to stifle his narrative . What 
he gives us is a first-rate scientific report 
any reader can follow, a proper tribute 
to the men who did the work and a di
velting commentary on sundry attendant 
foibles and foolishnesses that in no way 
detracted from the great achievement .  

A good place to begin the tale is with 
vViliiam Herschel, the second son of an 
oboist in the Hanoverian foot-guards 
band. At the age of 14 Herschel himself 
became an oboist in a military band . 
But this was not to his taste, and five 

BOOKS 
The lively- stOl�Y of ho(;v 
lVeptune was discovered 

ycars later he deserted and went to Eng
land, where he became a music teacher 
and attained considerable success as a 
violinist and organist .  Music earned him 
an excellent living, but his restless in
tellectual curiosity dictated leisure pur
suits that included the study of lan
guages, harmonic theory, mathematics 
and, finally, the passionate cultivation of 
astronomy. "When I had read of the 
many charming discoveries that had 
been made by means of the telescope, I 
was so delighted with the subject that I 
wished to see the heavens and planets 
with my own eyes thro' one of those 
instruments ." 

He began in his spare time to build 
telescopes, and after five years of grind
ing and polishing parabolic mirrors he 
was turning out reflectors that were bet
ter than any at the Royal Observatory . 
Equipped with a 6.2-inch reflector, he 
set himself a s tupendous task, a s ingle
handed, complete and systematic survey 
of the heavens : noting and describing 
every visible object and determining, 
and later rechecking, its co-ordinates .  On 
the n ight of March 13, 1 78 1 ,  while ex
amining the small stars in the neighbor
hood of H Geminorum, he was struck 
with one that was "visibly larger" than 
the rest; moreover, it had a magnifiable 
disk and it was, he convinced himself, 
in  motion relative to nearby stars. This 
curious object, he decided, was a comet
what he would have called a "charming 
discovery."  He was wrong. It was a ma
jor discovery. He had, as he soon learned, 
found the seventh planet, later called 
Uranus . 

That he did not initially consider 
this possibility is understandable. For 
more than 2,000 years the world had 
been content with six planets .  Astrono
mers often disagreed about their size, 
distance and arrangement, but there was 
no reason to suppose that a seventh ex
isted. Now came an oboist to confound 
accepted beliefs and upset the estab
lished order. 

The then Astronomer Royal, Nevil 
Maskelyne, at  once recognized that the 

• object might be a planet . M any astron
omers attempted to determine its mo-

tion . To Anders Johann Lexell, astron
omer at St. Petersburg, goes the credit 
for calculating the first circular elements 
of the new planet's orbit .  

Uranus was a troublemaker from the 
start .  It was an unwanted ch ild .  It dis
arranged the mythological family of the 
heavens .  The computation of its orbit 
was inordinately difficult : its disk was 
a mere four seconds of arc and the planet 
had been under observation for only a 
very short period .  Even the christening 
stirred confusion . Out of gratitudc to his 
royal patron Herschel suggested the 
name "Georgium Sidus ." From an Upp
sala astronomer came the proposal "Nep
tune" ( ! ) ; from Lexell "Neptune de 
George III" and "Neptune de Grande
Bretagne"; "Minerva," "Cybelc" and 
".(\.ustraa" were among other names 
entertained. The editor of thc Berliner 
Astronomisches jahl'buch, Johann Bode, 
pointed out that if the new planet were 
named "Uranus," the solar system would 
once again represent a "coherent mytho
logical family : Uranus, the god of the 
sky and husband of Earth , was the father 
of Saturn and the grandfather of Jupiter, 
who in turn fathered Mars, Venus, Mer
cury and Apollo ( or the Sun ) . " Many 
European astronomers fell in with this 
proposal, but in France, Joseph de LI
lande's suggested name of "Herschel" 
had already won wide favor . The result 
of all this delightful nonsense was 
that for 60 years after its discovery three 
different names and two symbols for the 
same planet were used simultaneously . 

In time things appeared to settle 
down. The radii of the orbits of the six 
inner planets follow a series of numbers 
called Bode's law ( which was named 
after the above-mentioned Bode but was 
not discovered by him ) .  A suitable jug
gling of the law gave the new planet an 
orbit within 2 per cent of the radius 
calculated from observations . Thus the 
"empirical black sheep" of astronomical 
formulas was elevated to a high position 
of scientific respectability, and Uranus 
itself became respectable ,  coursing de
murely in the orbit that theory had de
creed for it . Because Uranus' radius left 
a vacant place in the numerical series, 
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Angular Momentum 
By D. M. BRINK and G. R. SATCHLER. The 
Quantum theory of angular momentum is 
here introduced to students who are un
familiar with it, and developed to a stage 
useful for research. Part one contains the 
basic theory of rotation. Part two empha
sizes its application to phenomena, states 
difficult theorems without proof, and pre
sents a collection of results which will be 
helpful in solving problems. Oxford Library 
of the Physical Sciences. $2.40 

Vector Analysis 
Including the Dynamics 
of a Rigid Body 
By GORDON D. SMITH. In this practical 
mathematical handbook, a substantial num
ber of worked problems develop all three
dimensional geometry needed by most 
scientists in industry, and provide back
ground for understanding mathematical 
theories which are commonly expressed in 
vector form. Subjects discussed include 
scalar product, cross and triple products, 
vector, differentiation, vector calculus, oper
ator techniques, orthogonal curvilinear 
coordinates, functional aspects of scientific 
concepts, and motion of a system of 
particles. $4.00 

Biology and the 
Nature of Man 
By W. H. THORPE. A distinguished authority 
on animal physiology and psychology here 
surveys our knowledge of the "creative" 
element in evolution: what would seem to 
be the progressive emergence of a sense of 
morality and value in the evolution of the 
mind. From a discussion of the similarities 
of man's thought and moral sense to certain 
activities of complex forms of animal life 
he leads into a consideration of various 
philosophical problems arising from these, 
including the possible nature of immortality. 

Eddington's Statistical 
Theory 

$2.00 

By c. W. KILMISTER alld B. O. J. TUPPER. 
The authors concentrate on the first five 
chapters of Eddington's posthumously pub
lished Fllndamental Theory, a difficult book 
which has long defied efforts at understand
ing. To these chapters, in which Eddington 
relates certa in numerical properties of 
scientific descriptive methods to fundamen
tal constants of nature, they give a detailed 
section-by-section examination and assess
ment showing that correct theory of this 
type is possible. 4 text figllres. $3.40 

@ Oxford University Press 
� New York 16, N. Y. 
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I Bode himself now leaned to the view 
that there was an undiscovered planet 
lying between M ars and Jupiter . Some 
astronomers shared his faith, but there 
were many skeptics. Enough, after all, is 
enough. No one was more dogmatic in 
subscribing to this apothegm than the 
fledgling philosopher Georg Wilhelm 
Friedrich Hegel, who in his dissertation 
published at Jena proved by impeccable 
logic that the number of planets could 
not exceed seven . Thereby he disposed 
once and for all of Bode and the future 
of astronomy. 

Over the next 50 years or so astrono
mers continued to ply their trade, to 
find comets and planetoids, to elaborate 
planetary theory . There was one power
ful advance . In 1801 the incomparable 
Karl Friedrich Gauss solved the general 
problem : "To determine the orbit of a 
heavenly body, without any hypothetical 
assumption, from observations not em
bracing a great period of time, and not 
allowing a selection with a view to the 
application of special methods ." Eight 
vears later, in 1809 , these new methods 
"of unprecedented conciseness and ele
gance" ( together with his presentation 
of the invaluable method of least 
s(!uares ) were published in the famous 
The01'ia motlls cOl'pol'um coelestium in 
sectioniblls cOl1icis solem ambiel1tum. 
vVith Gauss's apparatus it was possible to 
determine an orbit from only three ob
servations, and from four observations of 
which only two were complete. A new 
epoch had begun in mathematical as
tronomy. 

It was not too soon . Uranus, once 
thought to be safely tucked away, was 
again misbehaving. Searching older 
records ,  from the 17th and 18th cen
turies, astronomers discovered that 
Uranus' positions had in fact been ob
served repeatedly before it was known to 
be a planet . Every attempt, however, to 
reconcile the old and the new observa
tions failed;  not only did they fail, but 
also the discrepancies steadily widened . 
The astronomical tables were becom
ing as useless in representing the true 
mption of Uranus as a defalcating book
keeper's records in showing his employ
er's assets . For years the true ( helio
centric ) longitude of Uranus remained 
steadily in advance of the computed 
longitude; then it  suddenly began to 
drop at a rapid rate until in 1829 and 
1830 the tabular and observed longi
tudes coincided. This gave momen
tary reassurance ( although it added to 
the confusion about the validity of the 
tables ) .  Even this was short-lived ;  the 
planet soon began to fall behind its cal-

I culated place more and more rapidl\' . 

When in 1832 it became known that 
tables constructed only a few years 
earlier were currently in error ( in geo
centric longitude ) by nearly half a min
ute of arc-a much larger discrepancy 
than for any other celestial body-the 
pressure, Grosser says, to devise some 
explanation became overwhelming. 

Various hypotheses were put forward, 
among them the notion, frequentlv 
bruited since the beginning of the 18th 
century, that Newton's law of gravitation 
admitted exceptions . In this instance, it 
was suggested, Uranus' tremendous dis
tance from the sun required modification 
of the inverse-square relation. The idea 
appealed to that school-bright, hapless 
donkey George Biddell Airy, appointed 
Astronomer Royal in 1835, of whom we 
shall hear more . He espoused it, pro
nounced on it and by reason of his official 
eminence gained a few nervous adher
ents . But the great majority of astrono
mers were not persuaded. They favored 
another hypothesis: that the aberrant 
behavior of the seventh planet was due 
to an eighth planet as yet undiscovered. 
By 1838 this belief was widely held . 

One of its ardent exponents was 
Johann Heinrich von Miidler, director of 
the DOl'pat Observatory. In his book 
PopulaTe AstTo110mie ( "a book that 
would not be considered 'popular' in the 
remotest sense by 20th-century publish
ers" )  he pointed out that the current 
error of Uranus' radius vector arising out 
of the periodic differences between its 
calculated and its observed motions was 
larger than the distance from the earth to 
the moon. By astronomical standards this 
distance may not have been very great, 
but, like the more recent astronomical 
metaphors of A. S. Eddington, it lighted 
the imagination. Summing up, Miidler 
concluded : " . . .  we arrive at a planet act
ing upon and disturbing [Uranus ] ;  we 
may even express the hope that analysis 
will at some future time realize in this 
her highest triumph, a discovery made 
with the mind's eye, in regions where 
sight itself was unable to penetrate ."  
Two young mathematicians were short
ly, and independently, to fulfill this ex
pectation. One was the Frenchman Ur
bain Jean Joseph Leverrier; the other, 
the Englishman John Couch Adams .  

Leverrier was born in 18 11 in the 
Norma

-
n town of Saint-La. His father 

was a minor civil servant who was am
bitious for his son and decided to give 
him the best education he could possibl�' 
manage. He even sold his house so that 
young Leverrier could go to college . This 
faith was justified; by his industrv as 
well as his gifts Leverrier rose to the first 
rank of scholars . He began his career in 
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Paris in Joseph Louis Gay-Lussac's labo
ratory as an experimental chemist ;  he 
was then recommended for the post of 
1'I3petiteur in astronomy at the Ecole 
Poly technique . He accepted the change 
in professions readily, turning his formi
dable analytical skills to a mastery of 
celestial mechanics . One attribute al
ways stood him in good stead : an un
usual aptitude for vast, laborious cal
culations .  Computing the elements of 
an orbit, an exacting and deadly task 
even with the help of Gauss's methods, 
was his meat. Leverrier wrote several 
important papers on planetary orbits, 
studied the perturbations of Mercurv 
and the behavior of various comets . His 
reputation made, he shifted his attention 
during the summer of 1845, on the sug
gestion of Dominique Frangois Arago, to 
the puzzling motions of Uranus . Thus his 
path began converging with that of John 
Couch Adams, who had bv then been 
working on the same prob

'
lem for two 

years . 
Adams, born in Cornwall in 1819, \�as 

the son of a tenant farmer. Like Lever
rier, he was a bright child whose parents 
strongly encouraged and supported him. 
Mathematics and astronomy were his 
best subj�cts .  He was fascinated by 
comets and eclipses, and he began mak
ing modest observations with a spyglass 
and entering scientific notes in his diarv. 
He won a scholarship to Cambridge, en
tered St .  John's College and during his 
course there won the highest mathe
matical awards, including senior wran
gler in the formidable tripos examination 
and the coveted Smith's Prize . So prodi
gious was his mathematical skill that 
another competitor, one Goodeve, on 
looking over Adams' shoulder one after
noon toward the end of the six-day tri
pos ( there were 18 three-hour papers to 
be completed) was so staggered at his 
record "that he straightaway left Cam
bridge and did not put in an appearance 
for the papers of the last two days ." ( To 
relieve the reader's mind it should be 
added that poor Goodeve, in spite of his 
lapse, came out well and afterward be
came professor of applied mechanics at 
the Royal School of Mines . )  

While at St .  John's, Adams turned in
creaSingly toward astronomy. A diary 
entrv for July 3, 1841, reads: "Formed a 
design, in the beginning of this week, of 
investigating, as soon as possible after 
taking my degree, the irregularities in 
the motion of Uranus, who are yet unac
counted for; in order to find out whether 
they may be attributed to the action of 
an undiscovered planet beyond it." And 
to a fellow student named Drew, who 
said that he intended to go into the 

Church and asked Adams what he was 
going to do, Adams answered: "You see, 
Uranus is a long way out of his course. I 
mean to find out why. I think I know ." 

He did not waver in his resolve . Short
ly after his election to a fellowship at St .  
John's he outlined to James

' 
Challis, 

Plum ian Professor of Astronomy at Cam
bridge, his proposed analysis of Uranus' 
orbit .  Adams could not undertake it  dur
ing term at the college because he devot
ed all of his spare time to teaching pri
vate pupils, and he sent the income from 
this work to his parents to repay them 
and assist in the education of his younger 
brothers . But on the first long vacation at 
home he began his difficult calculations . 
Night after night they occupied him . 
Even in his walks his mind turned over 
the problem. By October, 1843, he had 
gained a preliminary solution. I t  con
firmed his belief that an exterior planet 
was the cause of Uranus' perturbations . 

The problem of perturbation Adams 
was working on divided, as Grosser de
scribes it for us, into four parts : " ( 1 )  
determining the perturbation o f  Uranus 
for any given time; ( 2 )  resolving this 
perturbation into known and unac
counted-for components ; ( 3 )  formulat
ing equations in which the unidentified 
forces were related to the mass and ele
ments of the hypothetical disturbing 
planet ; ( 4 )  solving the equations for 
numerical answers ."  In plain language, 
he had to compute, on the basis of .gross
Iy imperfect data on the motion of one 
planet, the location and motion of an
other whose very existence was un
proved. Adams used Bode's law in as
suming that the theoretical planet was 
about twice the mean distance of Uranus 
from the sun, and he hypothesized that 
its orbit could be approximated by a 
circle .  On the second go-round of his 
analysis, completed in 1845, he made the 
orbit eccentric, abandoning the simpli
fied assumption of circularity . 

Challis had been helpful and en
couraging in various ways . Adams re
ciprocated by calculating at Challis' 
request the elements of de Vi co's comet 
-a labor that delayed considerably his 
work on Uranus . When Adams finally 
published his elements of the comet in 
The Times, i t  turned out that Leverrier 
had anticipated his results . This was a 
foretaste of the much heavier disap
pointment still to come.  

Airy now reappeared on the stage . In 
1844 Challis had asked him for certain 
data about Uranus on Adams' behalf. 
Airy supplied them by return mail. When 
in  September, 1845, Adams had com
pleted his new solution, Challis wrote 
Airy of Adams' progress and, since the 
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latter was about to leave for his parents' 
home in Cornwall, wrote a letter of in
troduction for him so that he could de
liver his results to the Astronomer Royal. 
They included a s ignificant addition to 
the elements of the hypothetical planet, 
namely its geocentric longitude (on 
September 30, 1 845 ) ,  which was an es
sential for telescopic observation, mak
ing possible the detection of the disk . 
With this direction Challis' own North
umberland instrument was easilv ca
pable of resolving the disk and id�ntify
ing the planet, but he did nothing; and 
Adams h imself ignored an opportunitv 
presented from another quarter to crown 
his efforts . Instead he set off for Green
wich to see Airy. A ludicrous chain of 
events ensued.  

When Adams arrived at the Roval Ob
servatory, Airy was in Paris attending a 
meeting of the French Institute . On his 
return a week later he found Challis' 
letter of introduction and replied to it 
immediately, saying he was sorr�1 to have 
missed Adams and would be glad to see 
him. A couple of weeks later Adams re
turned to Greenwich and again tried to 
deliver his results .  The Astronomer Roval 
was not at home, and Adams left h is card 
and a note containing a short statement 
of his results, promising to call again 
later.  When he did, Airy's butler tvld 
him that the Astronomer Royal was al 
dinner-Airy, on his doctor's insistencc, 
dined at precisely 3 : 30 every afternoon
and could not be disturbed. (The butler, 
it  should be noted, never informed Airy 
of Adams' second vi sit . )  Feeling re
buffed, Adams returned to Cambridgc. 
It had been a feckless series of arrivals 
and departures . 

To be sure, one could blame the butler 
for the whole business .  But it is likely 
that even if Adams had got to Airy he 
would not  have fared much better. When 
Airy, having dined and digested his din
ner, finally perused Adams' summary, he 
had a "strong negative reaction . "  This 
was typical. Airy was a small, "markedly 
asocial" man, who at an early age learned 
double-entry bookkeeping, a svstem that 
permeated his soul and to which "he at
tached a special and distorted value . . . 
throughout his life ."  Sober and unusually 
conceited, his policies were dominated, 
Grosser says, by two ideas : practicality 
and order. Theoretical investigations 
were abhorrent to him. The main thing 
was to keep books . He carefullv kept 
every kind of document-check counter
foils, circulars, b ills, correspondence. He 
dreaded disorder even in the smallest 
matters . "As an example, he spent a 
whole afternoon writing the word 'Emp
ty' on large cards, to be nailed lip on a 
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great number of empty packing boxes, 
because he noticed a little confusion 
arising from their getting mixed with 
other boxes containing different articles." 
Coupled with this compulsiveness was a 
consuming despotism and a bitter jeal
ousy of his assistants-or of any young 
astronomer. He treated his aids as 
though they were children, and even 
packed soap and towels for them, with 
their instruments , when they went on 
journeys to make observations.  

A few days after Adams left his sum
mary, Airy wrote him a condescending 
note, referring to his "assumed" perturba
tions . Adams replied explaining his con
clusions. Airy pigeonholed the matter. 

Meanwhile Leverrier was hard at 
work. In June, 1 846, he sent Airy the re
sults of a memoir on Uranus, which dif
fered from Adams' results by little more 
than one degree of arc. A Frenchman 
seemed less of a threat than a compatriot, 
and Airy replied that he felt "delight and 
satisfaction" at receiving the findings . 
He now wrote to Challis asking him to 
"sweep for the possible planet" but gave 
him directions so inefficient that Grosser 
compares them to a plan for finding a 
particular bright pebble on a beach by 
removing, one by one, thousands of other 
pebbles from a large area around the 
point where the desired pebble is thought 
to be. Challis began some trial observa
tions ;  Airy himself, reluctant as always 
to alter the routine of his observatory, did 
nothing. His public excuse was that his 
best telescope was not good enough for 
the job ; it is true that the Northumber
l and instrument was more powerful than 
any at Greenwich . In spite of the cum
brousness of Airy's directions ,  Challis 
came within a hair of identifying Nep
tune. He did in fact observe it twice, in 
July and August, when it wandered into 
the zone he was searching, but an almost 
inexplicable failure to make certain 
crucial comparisons ,  which would have 
shown him that a star of the eighth mag
nitude present in the series recorded on 
one date was missing from the same 
series on another, cost him the prize . His 
subsequent excuses, which Spencer 
J ones characterized as "pitiable," were 
that he was occupied with certain comet 
reductions and thought a much longer 
search would be needed to ensure suc
cess. ( He also confessed later that he had 
too little confidence in "the indications 
of the theory ." )  

Adams meanwhile was revising and 
re-revising his calculations .  On Septem
ber 2 he sent Airy his sixth corrected 
solution of the problem of Uranus. The 
Astronomer Royal was not at home to 
receive it .  He had left with his wife for 
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vViesbaden in German" to take the 
waters . The chief assistant he left be
hind, the Reverend Robert Main, sent 
Adams an inane reply . Main was prob
ably afraid to blow his nose without per
mission. let alone look for a new planet . 

Circumstances were k inder to Lever
rier. The French astronomers were, to be 
sure, no more helpful to him than the 
British astronomers were to Adams. A 
third memoir on Uranus, presented to 
the Academie des Sciences on August 
31, 1 846, gave the solution of 33 equa
tions of condition that fixed the cO-Ql·di
nates of the missing planet with remark
able completeness and precision ;  never
theless, Leverrier's exhortations fai led to 
stir his stargazing colleagues to action . 
He now ran out of patience and decided, 
even at the <.:Ost of patriotic allegiance, 
to find a fon�igner who would search for 
the planet. The person he Fixed on was 

Johann Gottfried Galle, a young assistant 
at the Berlin Observatory, who a year 
earlier had sent Leverrier a copv of h i s  
dissertation (having to do with the work 
of Olaus Roemer ) .  Leverrier had not  
bothered to reply, but  now he needed 
help. He wrote GaJle a letter of fulsome 
praise-ending with an urgent request 
that he look for the perturbing plane t .  

''''hen the  letter arrived, Galle, ob
viously Hattered, immediatel" asked his  
superior, Johann Franz Encke, for per
mission to make the search . Encke, 
molded along Airy's l ines ,  regarded his 
assistants as "drudges" and was not  
above passing off their ach ievements as  
his own . He was  unreceptive . Galle per
sisted; Encke finallv yielded. The same 
night Galle, assisted by a zealous young 
student astronomer, Heinrich Ludwig 
d'Arrest, trained his telescope, a nine
inch refractor, at the point where Lever
rier predicted the planet lay : right as
cension 22 hours 46 minutes ; declina
tion, minus 13  degrees 24 m.inutes. He 
was on the lookout for the three-second 
disk that Leverrier had predicted. He 
could not find it, and d' Arrest suggested 
using a star map-the purpose being to 
discover an object that was not on the 
map. D'Arrest found in a cupboard a 
chart, Hora XXI of the Berlin Academv's 
Star Atlas, which mapped the area under 
search but had not yet been distributed 
to other observatories . Galle, at the tele
scope, called out the appearances and 
positions of tbe stars in his  sector while 
d'Arrest checked the information on the 
map. "Only a few had been checked 
when Galle described a star of the eighth 
magnitude, right ascension 22h 53' "  
25'.84.  D'Arrest exclaimed, 'That star is  
not on the map ! '  I t  was, at last ,  the eighth 
planet . "  
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Shortly after midnight d' Arrest ex
citedly reported the discovery and Encke 
hurried to the dome. The three astrono
mers tracked the object until it set at 
about 2 : 30 a.m. They were still not posi
tive it  was a planet, and so during the 
night of September 24 they continued 
their observations.  Soon they were sure . 
The measurements were amazingly close 
to Leverrier's predictions. Among other 
things, Leverrier's elements gave the 
geocentric longitude of the planet on 
September 23.5,  1846, as 324 degrees 58 
minutes; the longitude observed by Galle 
at September 23.5000 1 was 325 degrees 
52 minutes 45 seconds-a difference of 
about 55 minutes of arc, less than a 
single degree . On September 25 Galle 
wrote Leverrier a triumphant letter 
beginning with the famous line : "The 
planet whose position you have pointed 
out actually exists."  

How the denouement affected the 
various actors is the subject of Grosser's 
last chapter .  Airy learned of the event on 
September 29 while he was in Germany, 
but he did not write to anyone about it 
for more than two weeks . Challis ,  on 
receiving the news, was mortified and 
admitted it .  Leverrier thanked Galle and 
informed him that the French Bureau of 
Longitudes had decided on the name 
"Neptune." A little later he changed his 
mind and implored Arago to suggest that 
the planet be named after himself. Arago 
made an impassioned speech before the 
Academie des Sciences-he was forever 
making impassioned speeches-vowing 
"never to call the new planet by any oth
er name than Le Verrier's Planet." This 
proved, he said somewhat irrelevantly, 
his love of science and his patriotism . 
On October 3 John Herschel ( the son 
of William ) wrote to the London Athe
naeum describing Adams' work; this was 
the first public notice of it .  Airy, in con
gratulating Leverrier, mentioned that 
"collateral researches" had been going 
on in England that led "to precisely the 
same results as yours" but omitted 
Adams' name and assured Leverrier that 
he was "beyond doubt . . . the real pre
dictor of the planet's place ."  When Le
verrier learned of Adams' claims, he 
became angry and upset .  A detailed ac
count ( by Challis ) of the British investi
gation reached France and the fat was 
really in the fire. The Academie des Sci
ences had an uproarious session . A lead
ing Parisian journal described the stormy 
scenes as worthy of the Chamber of 
Deputies.  Arago tore more passions to 
tatters . The French press took up where 
he left off, with violent attacks on Eng
land, brutally satirical caricatures of 
Adams and so on and on .  Airy and Chal-
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perhaps - may stand at precisely the spot 
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With major facility expansion, we expect to 
broaden and intensify our basic research 
activities. 

May we discuss your scientific field of 
interest with you and tell you more about 

- - - - - - - - - - - - - - - - --- ----, , I I I I I 
! PHYSICS ! 
! ( theoretical and ! 
! experimental ) i 
I Plasma : I I 
: Gaseous : I I 
: N uclear : I I 

! Sol i d  State i 
: Low Temperature : I I 
: Physica l E lectron ics : I I 
: Ex perimenta l  : 
! Electron O ptics ! 
: Coherent : 
! Ra diat ion Stu d ies ! 
I 
: Noise Theory 
! a n d  Measurement 
I I 

! MATERIALS 
I I I 
I I I I I I I I I I 

Ceram ics 
H igh Tem perature 
U l tra H igh- Pressure 

Tech n iq ues 

! CHEMISTRY I I I I I I I I I 
I I I I 
I I 

Chemica l K inetics 
Quantum Mechan ics 
Surface Physics 
Life Support 

System Studies 
I I I I 
1 _ _ _ _ _ _  - - - - - - - - - - - - - - - - - .:  

���i��:����s 
s�ff� RESEARCH LABORATORIES 

Call or write Mr. E. U 4 00  Mai n  Street, E ast Hartford B, C o n n .  

B.  Ciriack . . '. 
"""00 ·'�·Ae�� .... o.. 

an equal opportunity employer 

177 

© 1963 SCIENTIFIC AMERICAN, INC



EXPlO R I · ··· · JH 

WOR lD 

S C I  

1 
2 
3 
4 
5 

6 

EXPLORING THE U N IVERSE-American Foundation for Continu i ng Education 
Fifty·three c r e a t i v e  a n d  i m a g i native sc ie ntists g i v e  you new i n s i ghts into t h e  s c i e n t i fi c  p rocess
a deeper u n d e rsta n d i n g  of the role of sc ience  i n  o u r  soci ety today. Keyed to the Nat iona l  Educa· 
t ional  Televis ion Ser ies  of the same t i t l e , t h i s  book features w r i t i n gs of Pasca l ,  Huxley,  Ari stot l e ,  
E i nste i n  a n d  others.  Stu d i es that grap p l e  w i t h  t h e  v e r y  o r i g i n s  � f  m a n ' s  physica l  env i ronment ,  
h i s  nuc lear  age ,  h i s  future i n  space.  457 pages. $6.95 

C ONFLICT AND C REATIVITY: C O NTROL OF THE M I ND-PART 2 
Edited by Seymour  M. Farber  and  Roger H. L. W i l son  
The d i scuss i o n  a n d  ideas o f  d i s t i n g u i s h e d  l ea d e rs i n  t h e  fi e l d s  of psyc ho logy,  soc i o l ogy, anthro· 
p o l ogy, genet ics ,  a n d  the creative a rts. An e x p l oration of the i n nate pote n t i a l i t i e s  of i n d i v i d u a l s .  
384 pages. $2 .95 (pa p e r) $6 .50 ( c l oth) 

THE NATURE OF B IOLOGICAL D IVERSITY-by John M. Al l en  
A broad su rvey o f  deve lopmenta l  b i o l ogy written by recogn ized experts i n  t h e i r  fie l d s .  Cover ing 
the major areas i m p o rtant to a n  u n d e rsta n d i n g  of the evo lut ion a ry a n d  temporal  aspects of a n i m a l  
development.  E m p hasis  on t h e  deve lopment  of heterog e n e i ty at t h e  c e l l u l a r  a n d  sub·ce l l u l a r  l evels .  
320 pages.  $10.50 

FOU NDATIONS OF MATH EMATICAL LOGIC-by Haske l l  B.  Cu rry 
A se lf·conta i n e d  account of the basic port i ons  of mathemat ica l l o g i c .  Specifies m e a n i n g  and 
presents new sources of i nformati o n .  C o n s i d e rs the inferenti a l , a lgebra i c ,  l o g i s t i c .  and truth 
tables app roach to logic with  e m p h a s i s  on  the i nferent i a l  a p p roach. 416 pages. $ 1 1 .50 

QUANTUM THEORY OF MOLECULES AND SOLIDS-by John C.  S later  
T h e  m o s t  u p·to·date treatment ava i l a b l e  o f  the ra p i d l y  c h a n g i n g  fi e l d  of t h e  e l ectron i c  struct u r e  
of m o l e c u l e s .  T h i s  is  the first v o l u m e  o f  a m u lt i ·Yo lume s e r i e s  cove r i n g  a n  a d v a n c e d  t reatm ent  
of the ent i re  fie l d  of modern  sol i d  state theory .  T h i s  v o l u m e  covers  the theory of the re lat ive ly  
s imple  m o l e cu l es for w h i c h  fa i r l y  compl ete theoret ica l  d i scuss ions are  ava i l a b l e .  a n d  deve lops  
t h e  genera l  methods of hand l i n g  molecu lar  theory .  inc lud ing  the nature of the c h e m i c a l  bond 
a n d  the symmetry of m o l e c u l e s ,  p l u s  a thorough d i scuss ion  of group theory .  512  pages.  $12 .50 

TRANSISTOR AND C IRCUIT D ESIGN-by The Engineer ing Staff of 
Texas I nstruments I ncorporated, Semiconductor·Components D iv is ion 
The first b o o k  e v e r  written to c lass ify a l l  com m e r c i a l ly ava i l a b l e  tra n s i stors . showing the i r  reo 
lat ionsh ips  to each other a n d  to the five bas i c  fabr icat ing tec h n i q u es .  C o m p l ete coverage of a l l  
top ics-ra n g i n g  from i nterpretati o n  o f  data sheets a n d  measurement  o f  tra n s i stor parameters,  t o  
des ign  procedu res f o r  V H F  power stages.  T h i rtY' n i n e  deta i l e d  chapters.  5 2 3  pages.  $15 .00 

SEND FOR A COpy O N  l O - DAY APPROVAL 

McG RAW-H ILL  B O O K  C O M PANY 
Available at your local bookstore o r  mail 

to McGraw·Hi l l  Book Company, Dept. V·SA3 

327 W. 41st Street, New York 36, N .  Y. 

Send me the books checked at the right for free e x a m i nat ion .  W i t h i n  10 days I w i l l  r e m i t  payment for 

books I keep, p l u s  s h i p p i n g ,  and return unwanted books. (We pay s h i p p i n g  costs i f  you remit  w i t h  
t h i s  coupon-same r e t u r n  p r i v i lege with f u l l  refu n d . )  

NAME . . . . .  

1 2 
ADDRESS . . . .  

CITY . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . .  STATE . .  3 4 
COMPANY 

5 6 
POSITION . .  
For p r i c e  a n d  terms outs i d e  U .  S . •  write McGraw·H i l l  I nternati o n a l ,  N .  Y .  C.  

1 7 8 

lis came under heavy fire in Britain ; in
deed, most British astronomers sup
ported Leverrier's claim. The Royal So
ciety of London placed its stamp of 
approval on it by awarding him its high
est scientific honor, the Copley Medal . 

The tempest spent itself ; the bitter
ness waned. Adams gained just recogni
tion and honors . The French astronomer 
Jean Biot published an article that de
cried the "narrow spirit of geographical 
selfishness so wrongly called patriotism" 
and referred to Adams as "a talented 
young man who has been served badlv 
by circumstances this one time, and 
whom one must applaud in spite of it . . .  
in [his ]  own mind, [he knows ] that the 
new planet was known in theory to 
[him] before any other person . . .  " 

In their behavior the principals set an 
example for others . They were not em
bittered . At the June, 1 847, meetings of 
the British Association for the Advance
ment of Science, Leverrier and Adams 
met for the first time .  John Herschel in
vited them to his house and to his delight 
"they were immediately taken with each 
other ."  They remained friends for their 
entire lives . They had shared a great ad
venture and together they left to science 
a memorable legacy . 

Short Reviews 

1'HE TOADSTOOL M ILLlO:\,AIRES,  by 
J ames Harvey Young. Princeton U ni

versity Press ( $6 )  . An able social history, 
at once entertaining and sobering, of pat
ent medicines in the U .S .  before Federal 
regulation . ( The title is from Oliver 
Wendell Holmes's rebuke of the "greedy, 
dishonest, obscene and heartless" pro
prietors of American nostrums of secret 
composition, whom he called "the mush
room, say rather, the toadstool, million
aires . " )  The racket got under way with 
the importation in the 1 8th century of 
patented brands from England : such 
concoctions as "Dr. Bateman's Pectoral 
Drops," "Hooper's Female Pills," "Daf
fy's Elixir" and "British Oy!" ( extracted 
from a "Flinty Rock for the cure of 
Rheumatick and Scorbutick and other 
Cases" ) .  The climate of the 1 8th century 
nourished the business .  It was at once 
an age of enlightenment and a time of 
superstition . A revolution had created 
a new physics and astronomy, and it 
seemed not too much to hope that biol
ogy and medicine would soon be similar
ly transformed. But living organisms are 
more complex than stars and the laws 
of digestion are more intricate than 
those of falling bodies ;  moreover, med
ical knowledge was "still so small and 
the weight of past traditions so press-
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ing that even the keenest minds were 
perplexed .". When physicians became 
disillusioned about the possibility of dis
covering universal biological laws, they 
either abandoned the scientific method 
altogether or erected grand theoretical 
medical schemes by speculative logic, 
schemes that at best let the patient fight 
his own way to health but more often 
made him sicker or accelerated his de
mise.  In this setting patent medicines 
were bound to flourish . Since doctors 
were no good, why not urge people to 
doctor themselves? 

There were neither legal nor moral 
restraints ; laissez-faire smiled on the 
manufacture of medications ; nothing 
could have been more brazen or extrava
gant than the claims made for the vari
ous pills, elixirs, powders, ointments and 
salves .  Dr. John Hill ( who, as everyone 
knew, could change water into ass's 
milk ) marketed an American balsam 
that cured every ailment from whooping 
cough to the "hypochondriacal disease ." 
Dr.  Elisha Perkins sold "metallic trac
tors" that became a national mania . 
Dr. Samuel H .  P. Lee made a fortune 
on "bilious pills ." Pulmonic sirups and 
pectoral lozenges vied with "'Waterproof 
Anti-Consumptive Cork Soles" and 
"Medicated Fur Chest Protectors" in the 
fight against tuberculosis .  Samuel Thom
son, a New Hampshire farmer, patented 
a system of medical treatment founded 
on the notion that all disease is the ef
fect of one general cause, namely cold, 
and therefore the remedy was heat, 
which was to be administered by means 
of steam baths, hot and cold botanicals 
such as red pepper, emetics, purgatives 
and enemas, and best of all by the herb 
Lobelia inflata, which had the same effect 
on the human system as clearing a stove 
and pipe when it is clogged with soot so 
"that the fire may burn free and the 
whole room be warmed as before ." Wil
liam Swain, a New York harness maker, 
invented a panacea that took care of 
such misfortunes as syphilis and a con
taminated state of the blood. Dr. William 
Brandreth peddled "Vegetable Universal 
Pills," a sovereign purgative . Dr. C .  P. 
Bellingham mixed an "Onguent" that 
allegedly raised Abraham Lincoln's 
beard in six weeks . Henry T .  Helmbold 
wrote a "Patient's Guide" that enabled 
one to diagnose one's own ailments from 
sexual impotence and epilepsy to dia
betes, rheumatism and masturbation. 
Dr. Jacob Hostetter's "Bitters" cured 
diarrhea and had enough alcohol in it 
to quiet any other pain one might have. 

The show went on through the 19th 
century. Even as medical knowledge 
found firmer scientific foundations the 
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patent medicines multiplied, the quacks 
became slicker and more dangerous and 
trained phvsicians were themselves pre
scribing all kinds of proprietary humbug. 
Newspapers carried more and more nos
trum advertising. The magic name of 
science, the lure of the exotic and the 
unintelligible, the symbols of patriotism 
-al! were used to bolster appeals ( Uncle 
Sam, for example, was shown seated at 
a table affixing his signature to a docu
ment that read : "This is to certify that I 
am using 100,000 boxes of Ex-Lax everv 
month" ) .  Religion was a mighty fortress 
in which the nostrum maker took refuge . 
Testimonials from ministers were a great 
help. By eating a bowl of Grape-Nuts 
"after mv Sabbath work is done," ob
served one pastor, "my nerves are quiet
ed and rest and refresh ing sleep are en· 
sured me." Ayer's sarsaparilla got a 
testimonial from the Sisters of Charity, 
who ran St .  M ary's Infant Asylum in 
Massachusetts. Remedies were named 
for St .  Anne and St .  Joseph, not to men
tion Father Koenig and Father John ( Sir  
William Osler postulated that  "those 
among the clergv who had wandered 
farthest from the decrees of the Council 
of Trent were the most susceptible to 
quackery" ) . 

Finally, in 1 906, stimulated by a fa
mous series of articles in Collier's bv 
Samuel Hopkins Adams, legislation was 
passed establishing pure food and drug 
standards and a regulatory commission . 
It was an important turning point in 
patent medicine history, but the law has 
serious shortcomings and is imperfectlv 
enforced, and large-scale nostrum abuses 
and frauds are still cruelly perpetrated 
on the people of this country . Particular
ly naIve was the original notion that 
figured in the drafting of the law, namelv 
that the common man would refrain 
from buying a concoction if the label on 
the bottle plainlv indicated that the 
contents, even if innocuous, were alto
gether useless . Tonics, pills and the like 
continue to be advertised, lied about and 
bought in enormous quantities .  Former 
Postmaster General Arthur Summerfield 
charged that more money is being made 
today in medical quackery "than in anv 
other criminal activity ." For the pro
moters of specious medication the an
nual "take" is said to exceed a billion 
dollars . Half a billion dollars goes into 
the nutrition racket ; another quarter
billion is spent for medical gadgets false
ly purporting to promote recovery from 
arthritis and rheumatism ; $100 million 
goes for ineffective reducing remedies ; 
$50 million for fake cancer cures;  and 
millions more for panaceas that hold out 
"the vain promise of curing ailments 
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ranging from the common cold to heart 
disease ."  As Young points out in the epi
logue to his very good book, there i s  
greater need than ever for improved 
legal regulations, for mote rigorous and 
prompt enforcement of existing laws, for 
muckraking, for popular education, for 
congressional inquiry. In 1 955 Food and 
Drug Commissioner George P .  Larrick 
observed : "I know it i s  common to speak 
of the 'good old days' of snake oil and 
soothing sirup as though they were gone 
forever. The amazing fact i s  that to a 
very great extent those good old days, so
called, are still with us." The toadstool 
millionaires are still getting away with 
murder. 

ATLAS OF THE B HITISH FLORA,  edited by 
ft F. H .  Perring and S .  M .  Walters . 
Thomas Nelson & Sons ( $22.50 ) . This 
volume, the product of an effort organ
ized by the Botanical Society of the 
British Isles, contains some 1 ,600 maps 
showing the distribution of 1 ,700 flower
ing plants and ferns growing in Britain . 
The maps relate to some 3,500 squares 
( cach is 10 kilometers square ) form
ing the British National Grid,  and the 
presence of a species is represented bv a 
dot on a map .  Altogether more than 1 . 5  
million separate records were prepared 
in this way by amateur and professional 
botanists . Thereafter modern data-proc
essing equipment, including mechanical 
map makers, was used, thus making it 
possible to prepare finished maps within 
a short time after the information was 
collected . Also included are 12 trans
parent overlays, fitted into a pocket at  
the back of the book, that  help the users 
of the atlas to interpret the maps, fur
nishing information as to climate, topog
raphy, altitude range, soil preferences 
and so on. An impressive work. 

I
NFORMATION U.S . S .R . ,  edited and COI11 -

- - piled by Robert M axwell .  A Perga
mon Press Book . The Macmillan Co .  
( $30 ) . By far  the greater part of  thi s  
volume is a translation into English of  
Volume 50 of the  Great Sov iet Encyclo
pedia . Appendixes have been added con
taining statistical tables on the U . S . S . R .  
a n d  miscellaneous information such a s  
addresses o f  some universities . Copiously 
illustrated, the book contains a mass of 
data on the geography, geology, climate, 
soils, vegetation and animal life of the 
U . S . S . H . ;  on population ;  on the history 
of Russia ; on the Communist Party ; on 
trade unions; on the national economy ; 
on such diverse subjects as public health , 
education , the press and broadcasting, 
the armed forces ,  science and scientific 
institutions ,  literature and the arts . There 

The Lincoln Laboratory is a cen ter 

of research and de velopmen t in ad

vanced electronics, with responsi

bilities in national  defense a n d  

s p a c e  t e c h n o logy . S c i e n tis t s  of 

many disciplin es participate in a 

program directed to ward exten ding 

the range and depth of scien tific 

knowledge and solving problems 

fundamen tal to the security of the 

nation . 

- RAD I O  PHYS I CS and ASTRONOMY _ RE-ENTRY 

PHYS I CS _ PEN ETRAT I ON A I DS _ TARGET I DENTI

FICAT I ON _ SYSTEMS: Space S u rve i l l ance,  Strateg i c  

C o m m u n i c at i o n s ,  I n t e g r at e d  D ata N e two r k s  _ N E W 

RADAR TEC H N I QU ES _ SYSTEM ANALYSIS _ COM

M U N I CAT I ONS: Tech n i q u es, Psyc h o l ogy, Theory _ I N

FO RMAT I ON PROC ESS I NG _ SOL I D  STATE Phys ics ,  

C h e m i stry, and M etal l u rgy -A more complete description 
of  the Labora tory's work will b e  sent to you upon 
request. A l l  q u a l i fi e d  a p p l i ca n t s  w i l l  rece i v e  c o n s i d erat i o n  for  e m p l oy m e n t  w i t h o u t  

r e g a r d  to r a c e ,  c r e e d ,  c o l o r  o r  n at i o n a l  or i g i n .  

R e s e a r c h  a n d  D e v e l o p m e n t 

L I N C O L N  L A B O R A T O R Y  
M a s s a c h u setts I n s t i t u te o f  Te c h n o l o g y . B o x  1 8  

L E X I N G T O N 7 3 ,  M A S S A C H U S E T T S  
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teamwork l i n k  between govern ment 
and i nd ustry 

A T  THE NA VAL LABORA TORIES IN CALIFORNIA 
He is many men . . . with many names. He could be George 

F. Cleary, program manager for SHRIKE , a new Navy air-to
surface missile developed at the U.S. Naval Ordnance Test Station 
( NOTS) , China Lake, for production by industry. Or he could be 
Richard Gibb, manager of the NIKE-ZEUS ( Army) anti-missile 
program at the Pacific Missile Range ( PMR) ; or again, he could 
be any one of the many other managers directing individual major 
technical programs at the Naval Laboratories in California. 

Whatever his name, his is a responsibility of great scientific/ 
administrative importance. He is the program contact, the team
work link, between government and industry. He is a man of 
authority, high technical skill, competence, and excellent judgment. 
His could be the specialized knowledge of a single discipline, or the 
broad knowledge of many. Navy Laboratory programs are diverse : 
some are internally developed and fed to industry for production; 
some are industry developed and fed to the laboratories for testing 
and evaluation. Both areas are directed and administered by Navy 
Laboratory program managers. Whatever the case, this kind of 
government/industry management responsibility is not only a chal
lenge. but a growth stimulus to the man who is qualified. 

Opportunities for positions in a wide range of scientific and 
engineering areas. including program management, are available at 
the U.S. Naval Laboratories in California. These laboratories 
embrace a wide range of programs, including missiles and space 
(PMR) ,  weapons systems (NOTS and NOLC) . underwater re
search (NEL and NOTS) . structural engineering and atomic de
fense (NCEL and NRDL ) , to name a few. Qualified personnel are 
invited to contact the Personnel Director, Dept. A, at the laboratory 
of their choice. 

U.S. Naval Ordnance Test Station (NOTS), China lake and Pasadena 
Pacific Missile Range (PMR) and U.S. Naval M issile Center (NMC), Point Mugu 
U.S. Naval Ordnance laboratory (NOlC), Corona 
U.S. Navy Electronics laboratory (N El), San Diego 
U.S. Naval Civil Engineering Laboratory (NCEL), Port Hueneme 
U.S. Naval Radiological Defense laboratory (NRDl), San Fra ncisco 
U.S. Naval Person nel Resea rch Activity (NPRA), San Diego 

All qualified applicants will be considered for employment 
without regard to race, creed. color, sex, or national origin. 

U .  S. NAVAL LABORATO R I ES I N  CAL I FO R N I A  

are also separate articles o n  the Union 
Republics. 

THE SEA : IDEAS AND OBSERVATIONS O N  
PROGRESS 1 K  T H E  STUDY OF T H E  S E A S .  

VOLUME I :  PHYSICAL OCEANOGRAPHY. 
Edited by M. N. Hill. Interscience Pub
lishers .  John Wiley & Sons, Inc. ( $25 ) .  
Since Sverdrup, Johnson and Fleming's 
masterly treatise The Oceans was pub
lished in 1942 no comparable compre
hensive work has appeared, although 
much progress has been made in oceano
graphic research during the past 20 years 
and many journal papers and studies 
more limited in scope have appeared 
throughout the world.  The purpose of 
the present book is to give a balanced 
account of oceanographic advances over 
the past two decades . In its several sec
tions are essays on the interchange of 
properties between sea and air, the 
dynamics of ocean currents, the trans 
mission of sound, light and other electro
magnetic radiation, sound scattering by 
marine organisms, sound production by 
marine animals ( the squeals and clicks 
of porpoises, the drumming of fiddler 
crabs,  the grunts and croaks of grunts 
and croakers, the noises made by snap
ping shrimps and pistol prawns, the 
steady sound made by schools of swim
ming fish, the boat-whistle-like toots 
of toadfishes and so forth ) ,  waves, tur
bulence, the physics of sea ice. Two 
volumes still to come will cover the 
composition of sea water, and the earth 
under the sea. A scholarly, handsomely 
produced, well-illustrated book. 

�\CHAEOLOGY OF EASTER ISLAND : VOL
L UME I. Edited by Thor Heyerdahl 
and Edwin N .  Ferdon, Jr .  Rand M c
Nally & Co. ( $25 ) . This 

'
monograph of 

the School of American Research and 
the Museum of New Mexico is the first 
volume of the reports of the Norwegian 
Archaeological Expedition to Easter Is
land and the East Pacific .  The objectives 
of the expedition are set forth, its itin
erary and organization, followed by a 
general account of the geography and 
history of the island.  The archaeological 
reports themselves are concerned with 
the ceremonial s ites, the dwelling sites, 
the stone statues and quarries, the im
pOt·tant ditch across the neck of the so
called Poike headland ( the purpose of 
the ditch is in  dispute, one suggestion 
being that i t  was a defensive s tructure, 
another that it was to provide a moist 
area for the growing of bananas, sugar 
cane and taros ) ,  radiocarbon dates, sun
dry surface artifacts such as tools and 

weapons, fishhooks, utensils, ornaments, 

sculptures, rock painting, wood carvings . 
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In a general conclusion Heyerdahl offers 
his interpretation of the finds; combined 
with certain legends that he accepts as 
true, they solidly support, in his view, 
the theory on behalf of which he made 
his celebrated raft journey across the 
South Pacific, namely that Polynesia was 
first settled by people from South Amer
ica. The four archaeologists of the ex
pedition ( William Mulloy, Arne Skjols
voId, Carlyle S. Smith and Ferdon ) are 
far from endorsing this theory, and from 
what they write one must infer that the 
scholarly community as a whole regards 
the question as still very much up in 
the air .  In spite of Heyerdahl's special 
pleading, this is a most interesting and 
valuable book and the volume itself well 
turned out. 

.NTRONOMY OF THE 20TH CENTURY, by 
Otto Struve and Velta Zebergs . The 

Macmillan Co. ( $ 1 2 . 50 ) .  This book by 
a noted astronomer and his research as
sistant is a considerable achievement. 
Beginning with a description of the state 
of astronomy at the turn of the century, 
it continues with an account of the 
major advances of the past 60 years, 
dealing with such topics as photography 
of the M ilky Way, determination of ra
dial velocities , photometry, radio astron
omy, solar research , physics of the solar 
system, spectral classification , stellar 
structure, stellar evolution, Hertzsprung
Russell diagrams, double stars, pulsating 
stars, exploding stars, interstellar matter, 
galactic nebulae and galaxies .  Neither a 
popular exposition in the usual sense nor 
an advanced work, the book succeeds by 
reason of its clarity and the skillful selec
tion of material and quotations from key 
sources in combining important features 
of both of these approaches .  Ordinary 
readers, students and professional as
tronomers will all find much to enjoy in 
these pages. Of conspicuous merit are 
the biographical sketches and out-of-the
way stories about the leading astrono
mers of the century, many of whom 
Struve knew personally. Illustrated with 
more than 200 photographs and dia
grams.  Highly recommended. 

S TANDAHD ENCYCLOPEDIA OF THE 
WORLD'S OCEANS AND ISLANDS, edit

ed by Anthony Huxley ; STANDARD EKCY
CLOPEDIA OF THE WORLD'S M OUNTAINS, 
edited by Anthony Huxley . C.  P.  Put
nam's Sons ( $ 10.95 each ) .  Each of these 
volumes contains a series of popular 
geographical articles ,  mostly of medium 
length. Those in the first volume describe 
oceans and islands, where "oceans" in
clude, in addition to the major oceans ,  
the  bays, channels, straits, sounds, 

THE NEW REPUBLIC 

E N  

NR's new readers ( nearly 
e v e r y b o d y  w h o ' s  a n y 
body )  increased NR's cir
culation more than 30 % 
in '62_ Join them now ! 

NewslVeek reports : "Just 
how much influence The 
Ner., Republic exerts on 
government policy is  im
p o s s i b l e  to a s s e s s ,  o f  
course_ But its subscrip
tion list reads like a who's 
who in govern m e n t .  I n  
addition t o  the President, 
its r e a d e r s  i nc l u d e  UN 
Ambassador Adlai Steven
son,  Presidential  Assist
ants  Theodore Sorensen 
and Arthur Schle s i n ger, 
J r. ,  I n t e r i o r  S e c r e t a r y  
Stewart U d a l l  a n d  Agri
culture Secretary Orville 
Freeman. And its contrib
u t o r s  a r e  e v e r y  b i t  a s  
ilJlpressive. " 

. , /A /KtW . ---

Now in The New Republic, you have new 
writers like Murray Kempton, one of NR's 
bristl ing new editors who j oins Gilbert A .  
Harrison, Christopher Jencks, Raymond 
Aron, Terence Prittie, Lou i s  J. Halle. 

Now in The New Republic, you have a 
weekly comment on the Kennedy admin
istration and the world-at-large that is 
c a n d i d  w i t h o u t  b e i n g  c r a n k y. C a s e  i n  
p o i n t : T . R . B . ' s  f u l l - p a g e ,  i n s i d e - c o v e r  
column from Washington-the outspoken 
report that even alerts Congress. to what's 
behind the scenes. 

Now in The New Republic, you have the 
most adult movie revi ews in America by 
Stanley Kauffmann. 

Now in The New R e p u b l ic ,  you h a v e  
Robert Bru stein's astute drama criticism 
-in the tradition of Stark Young and E ric 
B entley. You 'll clip B .  H .  Haggin's record 
revi ews ; f i n d  out what P a u l  Goodman 
thinks is  good and bad about TV ; appre
c i ate i ntel l igent book r e v i ews b y  J o h n  
Wain,  I r v i n g  Howe, Gerald W. Johnson 
and John Updike. 

Now in The New Republic, you see the 
n o t - al w a y s - g e n t l e  s a t i r e  o f  M a u l d i n, 
Feiffer and Robert Osborn. They're part 
o f  T h e  N e w  R e p u b l i c ' s  h a n d s o m e  new 
design. 

Now, i f  you've been wonder ing how the 
presi dent's program is  l ikely to fare i n  
Congress ; what's to become of t h e  Congo ; 
why U. S .  policy in Viet Nam won't work ; 
whether d i s armament i s  a lost  c a u s e ; 
where the Cuban exiles go from here ; 
what's in store for Nehru, Goldwater or 
Rockefeller, U Thant, Hoffa or Freeman, 
DeGaulle, Khrushchev or you-then 

Now i s  the time for you to look at the n e w  
N e w  Republic. J u s t  o n e  dollar w i l l  bring 
you thirteen big issues ! 

- - - - - CLIP AND MAIL COUPON TODAY _ _ _ _ _ _ _ , 
TO : THE NEW REPUBLIC, 1244 Nineteenth St.,  NW, Washington 6, D. C. I 

I P l e a s e  a d d  my n a m e  to t h e  I I g r o w i n g  l i s t  o f  i n f o r m e d  I 
I people who subscribe to The NAME I New Repub lic. I enclose $ 1  I for the next 1 3  i ssues since I 
I I understand that the extra ADDRES� I 
I expense of billing me would I m a k e  t h i s  b a r g a i n  o f f e r  I i m possible. CITY ZONE __ STATE----:sA-J 
L _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
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S R . A E R O S PA C E  S Y S T E M S  E N G I N E E R S 

The primary responsibility of this new 
organization is to provide the advanced 
systems capabilities required for major 
new systems business. Broad diversifica· 
tion as well as growth is sought i n  the 
area where General Precision Aerospace 
already has established an outstanding 
competence : guidance and control sys
tems for aircraft, missile and space 
vehicles.  For example,  in  Advanced 
programs, we are actively pursuing the 
development of systems whose mission, 
rather than function, is guidance and 
control . We are also developing a total 
capability for- management and technical 
direction of complete missile and space 
vehicle system programs. 

This effort is being based upon a com· 
prehensive program of advanced systems 
research and advanced systems and tech· 
nology development. 

A PROGRESSIVE PATH TO ADVANCE
MENT IS OFf'ERED THE DISCIPLINE
ORIENTED MAN : An engineer or scien· 
tist i n  Advanced Programs will spend as 
much time as required on the develop· 
ment of his technology as well as on its 
application. He will not be restricted to 
one program, in the manner of vertical 
organizations,  b u t  will contri b u t e  to 
many. Insight into the diversity here may 
be gained from this partial list of major 
areas in which we are currently working : 

Advanced Aircraft Navigation & Guid. 
ance, Advanced Strategic Missile Guid· 
ance & Control, Maneuvering Re.Entry 
Vehicle Guidance & Control , Advanced 
Tactical Missile Systems, Advanced Space 
Vehicle Guidance & Control, Advanced 
Space Vehicle Systems. 

Qualified candidates are invited to dis· 
cuss opportunities in the following sys· 
tems areas : 

ADVANCED SYSTEMS RESEARCH 
• Project Management 
• Aero/Thermodynamics 
• Astro Dynamics 
• Aerospace Physics 

ADVANCED SYSTEMS DEVELOPMENT 
• Program Management 
• Guidance Systems 
• Computer Systems 
• Radiating Systems 

ADVANCED SYSTEMS REQUIREMENTS 
for i nform ation on specific openi ng-s please 
forw a rd you resu m e ,  ind icate cu rrent s a l a ry, 
i n  complete confidence to Pa u l  K u l l .  Oept. 1 9-C 

KEARFOTT DIVISION 
SYSTEMS DIVISION 
RESEARCH CENTER 

<@ @� lN!J � ��[b 
[J2)��©�®�@lN!J 

���@®[J2)�©� 
1 1 50  McBRIOE AVENUE. LITTLE FAllS. NEW JERSEY 
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canals, seas and gulfs, and where "is
lands" include capes and peninsulas . 
Those in the second describe the most 
important mountain peaks, ranges, gla
ciers and passes. Prepared by many dif
ferent contributors, the material is very 
well handled. The entries are literate and 
impart abundant factual information as 
to physical features and a good deal of 
hi storical and related data, which give 
the reader a feeling for the places de
scribed that cannot usually be got from 
encyclopedia articles .  The volume on 
mountains has many absorbing stories 
about discoveries, famous climbs and so 
on . There are good color plates and pho
tographs-some of which are only indif
ferently reproduced. Each volume has a 
gazetteer and an index. The maps, how
ever, are not only pedestrian but also 
fail to give, as do the articles, informa
tion as to latitude and longitude. This is 
bad enough in an encyclopedia of moun
tains but in an encyclopedia of oceans 
and islands it is absurd. 

N ATUHAL HISTOHY OF INFECTIOUS D IS
- EASE, by Sir M acfarlane Burnet . 
Cambridge University Press ( $6 ) . The 
third edition of an excellent book, first 
published nearly 25 years ago, that is 
occupied with two central themes : infec
tious disease as part of the general evolu
tion of life, and the influence of infectious 
disease of man on his past, present and 
futurc . It has been necessary to incorpo
rate much fresh material because of dis
coveries and advances in biology, in the 
fi�ld of antibiotics and the synthetic in
secticides , in immunology, in chemo
therapy and other fields . Most of the 
chapters have been extensively rewritten. 

I\ MERICAN AnCHITECTUHE AND OTI-IEl� 
ft WHI TINGS BY M ONTGOMEny S CI-LUY
LEn, edited by William H. Jordy and 
Ralph Cae. The Belknap Press of Har
vard University Press ( $ 1 2 .50 ) . A two
volume collection of essays on architec
ture written between 1880 and 19 10 by 
onc of the most perceptive and thought
ful of American architectural critics. 
Schuyler understood architecture, had 
well-formed tastes and knew how to 
write about the subject without inclulg
ing in the pretentious double talk so 
characteristic of most of today's archi
tectural criticism . The volumes contain 
167 illustrations of the structures Schuy
ler discusses and a long introduction by 
the editors . 

�!( ATHE M ATICS 11\ YOUH WORLD, by 
- K. W. Menninger. The Viking 

Press, Inc. ( $5 ) . A readable potpourri 
of methods, problems and ideas from 

A MA TEUR 

TELESCOPE 

MA KING 

Ed ited by A l bert G. Inga l l s  

This set o f  books i s  the authorita

tive reference library of the en

thralling hobby of amateur tele

scope making. Through these 

books thousands have discovered 

a fascinating mechanical art com

bined with a great science. 

Book One 

It begins at the beginning,  teaches 

the basics of glass grinding and 

how to complete the first tele

scope. (497  pages, 300 illustra

tions.)  Pos tpaid :  $5 .00 domes
tic, $5 .35 foreig n .  

Boo k  Two 

This book leads on into advanced 

methods of amateur optical work 

and describes new proj ects for the 

telescope maker . (650 pages, 361  
illustrations.)  Pos tpaid : $6 .00 
domes tic, $6 .35 foreig n .  

Boo k  Three 

Book Three opens up further fields 

of enterprise ; e. g . ,  binoculars, 

camera lenses, s p e c t r o g r a p h s ,  

Schmidt optics, eyepiece design, 

ray tracing (made easy) . (644 
pages, 320 illustrations.) Pos t
paid : $7 .00 domes tic, $7 .35 
foreig n .  

Send postcard 

for descriptive circular 

SCIENTIFIC 
AMERICAN 

4 1 5  M a d i son Avenue.  N e w  York 1 7 .  N. Y .  

( Residents 0 /  lV e w  }·ork City Jlleo.�e a d d  3 %  sule8 tax ) 
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various branches of mathematics such 
as geometry, topology, number theory, 
probability, analysis and algebra . No ex
pertise is required and one can dip into 
the book anywhere and follow the dis
cussion without having to read the pre
ceding material . Menninger is an old 
hand at popularization in German ( this 
book i s  a translation ) and he handles his 
material with authority. 

THE CHOLERA YEARS, bv Charles E .  
- Rosenberg. The University of Chi

cago Press ( $7 .50 ) .  A somewhat repeti
tious and pedantic but occasionally inter
esting account of the cholera epidemics 
that struck the U . S .  in 1832, 1 849 and 
1 866 and raged not only in the great 
cities but also crossed the continent and 
struck down victims everywhere . The 
book draws on contemporary news
papers, journals and letters and reports 
the views of physicians, m inisters, pub
lic officials and the rich and poor in every 
walk of life . Why an unillustrated 257-
page book should cost this much is hard 
to understand. 

NoRTH ATLANTIC LI;-;ERS , illustrated 
and described by Laurence Dunn . 

Hugh Evelyn, Limited, and the Stephen 
Greene Press ( $20 ) .  An attractive color
plate book that portrays some of the 
finest liners built between 1899 and 1913  
to  operate in the North Atlantic. In the 
group are such fine examples as the 
Oceanic, the Empress of Brita in, the 
Mallretan ia, the Olympic, the Fra nce, 
the Bergensf;ord and the Imperator .  The 
accompanying text gives details and in
teresting information about each of the 
ships .  This volume is in the genre of the 
same publisher's volumes on classic mo
tor cars . 

1' HE IMPORTA;-;CE OF L. �NGUAGE , edit-
- ed by Max B lack. Prentice-Hall, Inc. 

( $ 1 .95 ) . A collection of il luminating and 
enjoyable essays about language . Rep
resented, among others, are Aldous Hux
l ey,  Samuel Butler, Bronislaw Malinow
ski, Friedrich Waismann, Gilbert Rvle 
,�nd Alan S. C. Ross ( by his now c�le
brated piece "u and Non-U," which first 
appeared under the title "Linguistic 
C lass-Indicators in Present-Dav English" 
in  a Finnish philological journal ) .  The 
editor has been ingenious in extracting 
these essays from books and recondite 
journals in which the average reader 
would be unlikely to see them . 

1' HE GEOLOGY OF EGYPT, by Rushdi 
Said. American Elsevier Publishing 

Co . ,  Inc. ( $27 .50 ) . A comprehensive 
survey of Egvpt's geological evolution .  B O X  2 0  N E W H O P E , P E N N S Y LVA N I A  

This  pict ure of the moon is more t h a n  j ust  
re markable, because no other telescope o f  only 
3 .5  i nches apert ure has been able to resolve 
more than about half the detail  shown here. 
The photograph was made by a 7-pound 
Questar telescope on 3 5 - m m .  M icrofile fi l m  
using a focal length o f  5800  m m .  and 
F R  X-22 developer.  Exposure 10 seconds, 
with electric drive. L i ke al l  s uperb h i g h 
reso lut ion negatives, t h i s  gossamer- t h i n  
e m ulsion holds much t h a t  defies enlarge ment. 
It too k both skill  and artistry to make t h i s  
1 2- inch p r i n t .  And we were m a n y  years 
learning how to make Q uestar's opt ics some 
1 6  t i mes more accurate than any available 
com mercial ly .  We believe t h a t  no amount 
of money, t i m e  or h u m an effort can i mprove 

t h ose Questars we decide are fine enough to 

bear our name and leave our  careful hands.  

Q uestar st i l l  costs only $995 .00. I l l ustrated 

32-page booklet on request.  There are no 

dealers d iscounts or c o m m i S S i o n s . J ust one net 

factory
' 

price to a l l .  
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we're 

look ing 

for  

an  experi 

Here is an unusual opportunity for a 
versatile physicist ( Ph .D. ) to plav a 
leading role in a company which is 
growing rapidly because of its techni
cal accomplishments. 
At F M A  we apply  advanced e lec
tronic, optical and mcchanical tech
n i q u e s  to t h e  p r o b l e m  of g r a p h i c  
information. Because research shows 
the photographic emulsion is the most 
effi c i en t  med ium for s tor ing  infor 
m at ion , we  h a ve e n gineered  these  
techniqul's into a scrics of unusually 
sophist icated electro-optical systems 
and devices which transport, retrieve, 
enhance ,  a n d  d i sp lay  in format ion  
recorded on  film . 
'-\Te are  look ing  for  a n  exper ienced  
physicist who can originate ideas in  
the  electro-optical ficld and  help guide 
their engineering development. 
B e c a u s e  o f  our cont inu ing  requi re 
ments, your rL'sume will always receive 
prompt and confidential attention . 

Write to:  M r. C. J .  B la d es 
FMA,  I nc .  1 42 N evada Street 
E I  Segu ndo ,  Ca l i fo r n i a  

A N  E Q U A L  O P PO R T U N ITY E M P LO Y E R  

When  you th i nk  of  i nForMAt ion th i n k  of FMA 
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Part of the material in the book is orig
inal, but the larger part has been collect
ed from other sources . M any excellent 
maps and an exhaustive bibliography. 
An important scientific work, much in 
advance of any survey that has appeared 
hitherto . 

Notes 

A DICTI01\'ARY OF BIOLOGY, bv M .  
Abercrombie, C .  T .  Hickman and �'l. L .  
Johnson. Aldine Publishing C o .  ( $5 ) . A 
hard-cover edition of a compact and 
useful dictionary that was first published 
as a Penguin book. The illustrations are 
minimal and inadeyuate . 

PHOTOGHAPHY : ITS M ATEHIALS AND 
Processes, bv C. B. Neblette . D .  Van 
Nostrand Co . ,  Inc. ( $ 1 5 ) . The sixth edi
tion of a work, first published in  1927, 
that offers a comprehensive survey of the 
materials and processes of photographv.  
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many excavations in different parts of 
the world .  
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during the 15th and 16th centuries . 
�1aps and a valuable bibliography . 
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R E P U B L I C  A V I AT I O N  C O R P O R AT I O N . . 77 
Agency : d e  Carmo I n corporated 

R E S E A R C H  A N A LYS I S  C O R P O RAT I O N  . . . 1 56 
A. genc)' : S. G. S t a c k i g ,  I n c .  

R E S E A R C H  L A B O RATO R I E S ,  U N I T E D  A I R-
C R A FT C O R P O RAT I O N . . . . . . . . . . . . . .  . .  . . . . . . . . . . . . . .  1 77 

A gc n e y : B. E. B u rrell  & Associ a t es 

R I EG E L  P A P E R  C O R P O RAT I O N  1 02 
A g e nc y : W. L. T o w n e  COlll p a n y ,  I n c .  

SAA B M OT O R S ,  I N C  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 88 
Agenc y : W i l s u n ,  H a i g h t  oX \,\Ic l c h ,  I n c .  

SA N D I A  C O R P O RAT I O N .  . .  . . . . . . . . . . . . . . . . . . . . .  1 73 
A g e n c y : Ward H i cks A d vert i s i n g  

S A V E  T H E C H I L D R E N  F E D E RAT I O N .  . .  . . . . . . . . . .  1 76 
Agen c y : James H. F l a nagan A d ve r t i s i n g- A g e n c y  

S I L I C O N ES D I V I S I O N ,  U N I O N  CA R B I D E  C O R-
P O R A  T l O N  1 1 5  
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U N I O N  CA R B I D E  C O R P O RAT I O N  S I L I C O N ES 
D I V I S I O N  . . . . . . . . . . . . . . . . . . : . . . . . . . . . . .  1 1 5  

A �� n e y : J .  1\1 . Mathes  I llcorporated 
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V A R I A N  A S S O C I A T E S ,  T U B E  D I V I S I O N  . . . . . . . . . . . . . . . 6 , 7 
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Agen c y : D u n c a n .  Brooks,  I n c .  

X E R O X  C O R P O RATI O N  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .40,  4 1  
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In more and more schools ... 

PARTNERS IN THE CLASSROOM 

A GOOD TEXTBOOK AND OFFPRINT 

In more and more classrooms SCIENTIFIC AMERICAN Off

prints are being adopted side by side with the textbook. 

(More than 4,200,000 Offprints have been used to date.) 

The textbook supplies the foundation of the course. The 

Offprints provide the latest bulletins from the frontiers of 

research, complementing and reinforcing the basic mate

rial contained in the textbook. 

Teachers who have used them find that their students 

respond with a better grasp of the whole subject and with 

more enthusiasm for the assigned readings. 

The more than 380 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 10: 

w. H. Freeman and Company 
660 Market Street, San Francisco 4, California 
Hyde House, West Central Street, London, W.C.1 

BIBLIOGRAPHY 
Readers interested in further reading on 
the subiects covered by articles in this 
issue may find the lists below helpful. 

ORGANIC MATTER FROM SPACE 

METEORITES. Brian Mason. John Wiley 
& Sons, Inc., 1962. 

A MICROBIOLOGICAL EXAMINATION OF 

SOME CARBO:'>ACEOUS CHONDRITES. 

George Claus and Bartholomew Nagy 
in Nature, Vol. 192, No. 4803, pages 
594-596; November, 1961. 

LIFE-FORMS IN METEORITES: A SYM

POSIU:\I. Harold C. Urey et al. in Na

ture, Vol. 193, No. 4821, pages 1119-
1133; �1arch, 1962. 

SL\nCH Fon ORGAKIZED ELEMENTS IN 

C."'HBOXACEOUS CHOl'.;DIUTES. Edwarrl 
Anders and Frank W. Fitch in 
Science, Vol. 138, No. 3548, pages 
1392-1399; December 28, 1962. 

ELECTRIC LOCATION 
BY FISHES 

ECOLOGICAL STUDIES ON GYMNOTIDS. 

H. \'Y. Lissmann in Bioelectrogenesis: 
A Comparative Survey of its Mecha
nisms with Particular Emphasis on 
Electric Fishes. American Elsevier 
Publishing Co. , Inc., 1961. 

ON THE FUNCTION AND EVOLUTION OF 

ELECTIUC ORGANS IN FISH. H. W. 
Lissmann in journal of Experimental 
Biology, VoL 35, No.1, pages 156-
191; March, 1958. 

THE MECHANISM OF OBJECT LOCATION 

IN GYMNARCHUS NILOTICUS A:--rD SlM

ILAH FISH. H. W. Lissmann and K. E. 
Machin in joumal of Experimental 
Biology, Vol. 35, No. 2, pages 451-
486; June, 1958. 

THE MODE OF OPERATION OF THE ELEC

THIC RECEPTORS I:'> GYMNARCHUS 

NILOTICUS. K. E. Machin and H. W. 
Lissmann in journal of Experiment(il 
Biology, Vol. 37, No. 4, pages 801-
811; December, 1960. 

THE TWO-NEUTRINO 
EXPERIMENT 

THE Muo:'>. Sheldon Penman in Scien
tific American, Vol. 205, No.1, pages 
46-55; July, 1961. 

THE NEUTRINO. Tames S. Allen. Prince
ton Universitv

' 
Press, 1958. 

OBSERVATIOX �F HIGH-ENERGY NEU

THIKO REACTIONS AKD THE EXISTENCE 

OF Two KINDS OF NEUTHIKOS. G. Dan-
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Destination: EARTH 
After a final, over-the-shoulder 
glance at the craggy lunar scene, 
moon explorers will apply them
selves to the new task at hand
getting back home. How will the 
lunar declination at time of lift-off 
be interrelated with earth landing 
site latitude, time of flight and 
landing range from re-entry at 
y == -6° to touchdown? 

Curves Provide Key 
The curves at upper right provide 
the key. Window AB describes the 
range of lunar declinations, from 
+0.5° to -20.5°, acceptable for 
returning to arr earth landing site 
at a latitude of+ 100,for a 2.5 day 
time of flight with a landing range 
of 2000 n.mi. from re-entry at 
y == -6° to touchdown. The sche
matic illustration shows the trajec
tory plane for a lunar declination 
of -10°. As lunar declination 
varies through the acceptable range 
shown in the curves, the trajectory 
plane will rotate around the radius 
from earth center to landing site. 

Variety of Opportunities 
At Astronautics, our efforts along 
many aerospace frontiers are creat-· 
ing a number of opportunities for 
engineers and scientists with ex
ceptional abilities. If your interests 
and experience qualify you to fill 
one of these positions in advanced 
areas of activity, we urge your 
inquiry. 

POSITIONS EXIST IN: 
ANALYTICAL ENGINEERING 

Control and Structural Dynamics • 

Thermodynamics· Aerodynamics • 

Trajectory Determination · Stress 

MECHANICAL DESIGN 
Weights · Cryogenic and Fluid 

Systems • Structures 

ELECTRDNIC DESIGN 
Instrumentation· Control Systems 
• Data Transmission • Guidance 

TECHNICAL SUPPORT 
Reliability· Welding Engineering 

Specifications Analysis 

Details for 
Engineers and Scientists 

To obtain more detailed informa
tion, or to arrange a prompt inter
view in your area, write to Mr. R. 
M. Smith, Chief of Professional 
Placement and Personnel, Mail 
Zone 130-90, General Dynamics I 
Astronautics, 5823 Kearny Villa 
Road, San Diego 12, California. 

GI I III IID 

(DEGREES) LANDING RANGE IN NAUTICAL MILES 

LUNAR LIFT OFF AT 8 = -10· Heading for an earth landing jite latitude of +10°, a 

vehicle will describe this approximate trajectory over a 2.5 day time of flight. Landing 
range from y== -6° to touchdown wO'uld cover some 2000 n.mi. in this case. 

RE-ENTRY MINUS 60 SECONDS The earth will present this aspect to returning moon 
explorers as they near their destination. This photograph was taken at an altitude of 100 
miles from a NASA Mercury capsule, boosted into orbit by an Atlas space launch vehicle. 

GENERAL DVNAMICS ASTRONAUTICS 
AN EQUAL OPPORTUNITY EMPLOYER 
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At Pratt & Whitney Aircraft, far-ranging programs are steadily advancing 
the state of the art in the fascinating field of energy conversion_ The 
scope of our investigations has now created exceptionally attractive 
career opportunities for graduate chemists who can qualify for the fol
lowing openings: 

PHYSICAL CHEMIST 
B.S. or M.S. with experience or interest in determining reaction rates of 
sealants; performing surface chemistry studies of molten salts; analyzing 
vacuum stability of space materials; development of high emissivity 
matrices; investigating deposition of inorganic ion exchange resins on 
hydrophillic organic membranes. 

B.S. M.S. or ,Ph.D. to perform research on various fuel cell processes, 
electrode corrosion problems, fuel cell fuels research, physical, chemical 
and electrical properties of electrodes, chemical and physical properties 
of electrolytes, catalysis. 

INORGANIC CHEMIST 
B.S. or M.S. degree with analytical development experience to study the 
following: formation of eutectic inorganic salt compositions; inorganic 
polymers for high temperature potting and coating applications; methods 
for plating refractory metals from their compounds; corrosion resistant 
coatings for fuel cell applications. 

LABORATORY LIAISON CHEMIST 
B.S. or M.S. degree with 2-3 years' experience-preferably in a research 
laboratory. The area of work involves the co-ordinating of development 
efforts between our Fuel Cell Development Group, our Physical Chemistry 
Laboratory, other test and development engineers and outside sub· 
contractors. Responsibilities include the reading and interpreting of 
laboratory reports from all sources. This position requires occasional 
travel of short duration to the various laboratories associated with our 
fuel cell development program. 

If you are seeking a creative association with a substantial engineering 
organization-where originality of thought is welcomed-please write us. 

Submit your resume, in confidence, stating salary requirements, to: 
Mr. P. H. Smith, Pratt & Whitney Aircraft, 400 Main Street, 

East Hartford, Connecticut. 

Pratt & 
Whitney 
Aircraft 

U 
OIVISION OF UNITARCRAFT CORP. 

An Equal Opportunity Employer 

11111111 ! 1111111111111111111111111111111111111111 !! I!!!!! 
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by, J-M. Gaillard, K. Goulianos, L. M. 
Lederman, N. Mistry, M. Schwartz 
and J. Steinberger in 

-
Physical Review 

Letters, Vol. 9, No. 1, pages 36-44; 
July, 1962. 

THE WEAK Ii\'TERACTIOi\'S. S. B. Treiman 
in Scientific American, Vol. 200, No. 
3, pages 72-84; March, 1961. 

THE GENETIC CODE: II 

THE DEPENDENCE OF CELL-FREE PRO

TEIi\' SY:-ITHESIS Ii\' E. COLI UPON NAT

URALLY OCCURRIi\'G OR SYNTHETIC 

POLYJUBONUCLEOTIDES. Marshall W. 
Nirenberg and J. Heinrich Matthaei in 
Pmceedings of the National Academy 
of Sciences of the U. S.A., Vol. 47, No. 
10, pages 1588-1602; October, 1961. 

A PHYSICAL BASIS FOR DEGEi\'ERACY 

IN THE AMINO ACID CODE. Bernard 
Weisblum, Seymour Benzer and Rob
ert W. Holley in Proceedings of the 
National Academy of Sciences of the 
U. S.A., Vol. 48, No. 8, pages 1449-
1453; August, 1962. 

POLYtUBONUCLEOTIDE-DlHECTED PHO-

TEIN SYNTHESIS USING AN E. COLI 

CELL-FREE SYSTEM. M. S. Bretscher 
and M. Grunberg-Manago in Nature, 
Vol. 195, No. 4838, pages 283-284; 
July 21, 1962. 

QUALITATIVE SUnVEY OF RNA CODE
WORDS. Oliver W. Jones, Jr. , and 
Marshall W. Nirenberg in Pmceed
ings of the National Academy of 
Sciences of the U. S.A. , Vol. 48, No. 
12, pages 2115-2123; December, 
1962. 

SYNTHETIC POLYNUCLEOTIDES AND THE 

AMIi\'O ACID CODE, IV. J. F. Speyer, 
P. Lengyel, C. Basilio and S. Ochoa 
in PmceediYlgs of the National Acad
emy of Sciences of the U. S.A., Vol. 48, 
No. 3, pages 441-448; March, 1962. 

THE NATURE AND 
MEASUREMENT OF ANXIETY 

THE MEANING Ai\'D MEASUREMENT OF 

NEUROTICISM Ai\'D ANXIETY. Ray
mond B. Cattell and Ivan H. Scheier. 
The Ronald Press Company, 1961. 

MULTIPLE-FACTOR ANALYSIS. L. L. 
Thurstone. University of Chicago 
Press, 1947. 

PEHSONALITY AND MOTIVATION AND 

MEASUREMENT. Raymond B. Cattell. 
World Book Company, 1957. 

BALL LIGHTNING 

BALL LIGHTi\'ING: A COLLECTION OF 
SOVIET RESEAHCH Ii\' ENGLISH TRANS

LATION WITH AN ANNOTATED BIBLIOG

HAPHY. Edited and compiled by Don-

© 1963 SCIENTIFIC AMERICAN, INC



YOU 
ARE INVITED 

TO BECOME AN 
AMBASSADOR 

FOR THE 
UNITED 

NATIONS 

If you have ever wished that you, person

ally, could do something practical to 

weight the scale for peace-here is your 

chance. Get the facts and spread the facts 

about the work of the United Nations. 

Help build the public support it needs to 

do an effective job . •  The U.N. is the only 

positive altemative to war. It has stepped 

in time and again to prevent a major war. 

It is the only existing practical means for 

settling quarrels between nations by nego
tiation, mediation, conciliation. It can re

solve the dilemma of nuclear holocaust or 

surrender to brute force . •  The U.N. is 

building a solidfollndation for future peace 

and IlIImall progress. Continuing, long

range programs work to stamp out hunger 

and disease, to spread education and tech-
United Nations Headquarters in New York .. ,inspiration to milliofls of visitors. nical know-how, to help poor nations lift 

themselves by their bootstraps. The UN. 

can do this more effectively than anyone 

nation acting alone .• We need the U.N. 
and the U.N. needs us. It is the most potent 

forum ever devised for mobilizing world 

opinion. It is the one place where our 

country can work with other nations in the 

common cause of peace, with freedom and 

justice . •  A strong United Nations-and 

possibly survival itself-depends on the 

moral support of well-informed citizens. 

That's where you can do a job. Become a 

goodwill ambassador for the United 

Nations-among your friends and neigh

bors, in your shop, office, club. To start, 

write for a free copy of "THE U.N. IN 

ACTION" -a clear, concise briefing for 

thoughtful Americans. Just send a post

card to the address shown below. 

UN 

�., � .� � .fJI UNITED STATES COMMITTEE FOR THE UNITED NATIONS 375 Park Ave., New York 22, N. Y. 
� � A non-partisan, non-profit educational organization whose Chairman is appointed. by the President of the United States. 
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See Ihe Slars, Moon, Planels Close Up! 
3" ASTRONOMICAL 

REFLECTING TELESCOPE 
60 to 180 Power-Famous Mt. Palomar Type! An Unusual Buy! 

See the H.ings of Saturn, 
the fa�cinaling DianN 
2\lars, huge craters on 
the �looll. phases of 
Yc n u s .  Eq u a t o r i a l  
mount with lock o n  both 
fixes. Aluminized and 
o\'crcoale(] 3" diameter 
higiH;peed flIO mirror. 
T e l e sCOI)C c o m e s  
equipped with a 60X 
eyepiece and a mounted 
Harlo\\' Lens. Optical 
Finder '[elescope in
cluded. Hardwood. port
ahle tripod. FHF:E with 
Scope: Yaluablc STAH 

('IIAHT nltls 272-lIagc "l-L-\!\'DBOOK 01" HEAYE:\,S" 
plus "IIO\\" ']'0 nn; YOUR 'l'ELr.S(,OPE" ROOK. 
5tock No. 85.050·5 ........... "",, ......... S29.95 Postpaid 

41f4" Astronomical Reflector Telescope! 
2;;5 "l'o\\'cr. l\'('\\" Yihration-Free \Ietal Pedestal )IOllnt. 
Stock No. 85.105-8 $79.50 F.O.B. Barrington. N. J. 

SUPERB 6" REFLECTOR TELESCOPE! 
Inc. eleCll"lC cluck dr'ive. settin� cil'l�l�s. equator'ial mounl. 
pedesll'll bl'lse. 4 eyepieces for' up to r,7f:iX, 
5tock No, 85.086-5 .......... $195.00 F.O.B. Barrington, N, J. 

SOLAR CELL SET HARNES5ES 
POWER OF THE SUN 

Conduct spell-binding experiments. ex
pedence endless fascinaliu�l in cur1\'er't
mg sunlight into el,ectl'iclty to power' 
small motor·s. amplrfiel·s. make light 
meter's. densitometcrs. hur'glar' alar'ms. etc. 
Used expeJ'imcnt.ally to dr'ivc car's. power 
boalH. Low pr'ice set includes �ILICON 
SOLAn CEI.\, nnd �UN BATTEHY (pl'O-

duces .2 to .4riV 10·16 milliamps), SELl":NJUl\'1 SOLAH 

PIIOTOCELI, (lo\\'el' puwel') and Il:l-pHge Handbook of 
Pr'ojects. denlollstl'atiolls, expe1'illlenls. etc. Also incl, 
CADl\llUM SULPHIDE': PHOTO CONDUCTIVE CELL (light 
sensitivc resistor') which )!cnenilCs elecll'icity to tUl'n lights 
orr in Ihe e,'enin)!, open dool's, count U'aftlc, ctc, etc, 
Stock No. 60.291-S.. .. ................................. , $7.95 Postpaid ��t A

B�I���at�g ��\���ld������o!.
UO�\�lA��ar 

Furnace for expel'imenlatioll-many pl'i\ctrcal 
USN;. Easy! Inexpensive! Use sCl'apwood! \\'e 

... �\�V;
I

� 
is

�e������
ct

�g;�r�ii/
h

��a���d60�
el'

f� ��'OO�� 
Fuses enRmel 10 Inetnl. Sets pnper' aname in 

seconds, Use our' Fresnel Lens-J 4" diametel' , .. f.J. 1<1" 
Stock No. 70, 130-S _ , _  ",_Fresnel Lcns , ...... .. $6.00 Postpaid 
11" Sq. Fresnel Lcns P.L. 19" 
Stock No. 70.533·S 

M=-=-I:-:N""IA:-:T="'U""R=E""""'W""'A:-:T="'E=R PUMP 
\\'onderfttl for experiments, miniature water
falls. fountains. 110 gage railroad lJackdrolls. 
etc. Tilly (2% x l:k,") electric motor ,1ILd pump 
ideal for hobbyist.';. lalls. schools. Pumps con
tinuous flo\\' of water at rat.e of one ]1int prr 
minute at a 12" head. With 2 D batteries in 

series will pum!} to 24" high. Buns 48 hrs. on battery. 
\Yorks in either direction. Self priming , 
Stock No. 50.345·5 ............................ S2.25 Postpaid 

ANALOG COMPUTER KIT f_ ��·-�fOMU • . D_(GM_�-m � eleal i�1troduction to the 
,
increas' , IJ ,£=� �'"').. t!fi; ')';, lngly Important clectronlc com-

1 ��·J!.�Jk �.12l �;" �,�'r�';�d
;n:�Or�st��ig\"� 1,W�C::��; 

• - �.� . - scienc:e. Demonstrates basic ana-
log computing principles-can be used for multiplica· 
tion. dirision, powers, roots, log. operations. trig 
problems. phy�ics formulae. electricity and magnetism 
problems, ]�asilr assembled with screwdrh-er and pliers. 
Operates on 2 flashlight hatteries, glectric meter and 
3 potentiometers mounted on die-cllt box. Answer indicated 
on dial. �O" long . W' wide. 2" deep. 
5tock No. 70.341·5 .......................... $14.95 Postpaid 

MAKE YOUR OWN POWERFUL 
ASTRONOMICAL TELESCOPE 

GRIND YOUR OWN ASTRONOMICAL MIRROR 
](its contain mirror blank. tool. abrasivcs, diagonal mirror. 
eyclJiece Jem;es. YOll huild instruments ralued from $75,00 
10 hundreds of dollars. 
Stock No_ Pia. Mirror 
70.003·5 41/4" 
70.004-5 6" 
70.005-5 8" 
70.006-5 10" 
70.007-5 121/2" 

Thickness 
3/4" 

1" 
13/8" 
13/4" 
21/8" 

MAIL COUPON FOR FREE CATALOG' 
164 pages! Over 1000 bargains! 

WORLD'S LARGEST SOURCE OF OPTICAL PARTS 
Huge selection of lenses, Make your 
own trains of lenses from simple, 
achromatic, magnifying and can· 
densing types. Choose from fabu· 
lous variety of filters, mirrors; flat, 
rawr and slab glass; plus every 
type of prism; war surplus optical 
instruments, parts and accessories. 
Also telescopes, microscopes, bin
oculars, sniperscopes, science ex· 
periment items; math learning and 
teaching aids. Request Catalog S. 

EDMUND SCIENTIFIC CO., Barrington. N.J. 
Name ................ " ............. . , ..... " ..... " ...... " ... . , ................ " ..... , . .. ...... .. 
Address .............................. .. 
City ..... .......................... . 
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l·�ed to {cst focal length of 
lell8es: as a collimator: for pro
jection tests of lenses (instruc· 
tions furni.�hed): man,\' other 
!('sts of optieal s,\'stems, etc. 
lIar(hlood meter stiek 40" long 
with both ineh and '\Dl scale. 4 
lens holder� included to hold 
lenses 1/�" to 3" in diallleler. 

80.064-5 ........................ $12.95 Postpaid 

American Made
Over 50% Saving 

5TEREO MICROSCOPE 
Years in derelopmenl. Equals $HOO to $,100 
inslrWtlellt. I'recision t\meriean made. 
{'sed for cherl,jttg. in,.;pecting-, slllall as· 
sembi.\' l\'Orl,. l'Jl to 3" working distallee , 
Clear, sharp. crect illlal{('. "'ide 3 dim('n
sional firld, 2 �els of ohj('('li\'('� Oil ro ! ati n� 
turret. 2:lX ancl 40X. 10 Day Free Trial. 
Stock No. 85.056·5 ................ S99.50 

NEW! STATIC 

ELECTRICITY GENERATOR 
Sturdy. Improved Model 

Ree a thrilling spark (Ii�play as you 
set oft' a miniature bolt or lightning, 
Absolutely safe and harmless, SlUrrli 
Ir made-stands 14" high, Tum the 
handle and t\IO !/" plastic' (lises rotalr 
in opposite directions . .\letal ('011('('101' 
brll�hes pick up Ihe static electricity, 
store it in Ihe Leyden jar trpe ('on
<lenser until discharged by the jUlnp
ing spark. ('ounllefis tricks and ex
pcriments. 24 page instruction book
let included . 

Order Stock No. 70.070·5 ........ ..... $12.95 Postpaid 

NEW ... SPECTRAL 
LAMP POWER SUPPLY WITH 
DIAL-A-LAMP SELECTOR 

No\\' you can dial COl'l'ect IRmp 
powe,' fOl' lilly specified lise with 
any of 1:l 1·lIre·gus nnd met-
111-\,;IpOI' hulhs cover'in)! entll'C 

spe�t1'tlm. Device meets �O\'t:l'IHnent standar'ds, \\,idely used 
in lndusl1'ial resear'ch labs amj in high school and college 
physics anel chemistJ·y depls, that "cquire str'ong mOllo
ch,'011lalic light sources emitting a nl1!1lhcl' of spectra] lines. 
Fr'OIll .;} ampel'e to 1.G ampel'es; wide·scale Inetel' fUl' easy 
reading: fast-blow fusing: huilt-in support fOl' nlollntin� 
lamp base on supply: on-and-ofl' s\\'itch; indicRtOt· lamp: 
stl'onl! cmTying handle: in,.,tl·uctions ell�ravecl on face of 
unit. �hippin� wt. 30 Ihs. Full line of specll'al ltl1ltpS ltnd 
fillet·s avaiiahle individually_\\']'ite fot' infot"l1l1ltion. 
Stock No. 85.115·5 .. $99.75 f.o.b. 8a"rington, N.J. 

SUPERIOR MULTIPLE-USE 
HIGH-INTENSITY 
UTILITY LAMPS 

BASIC UN IT-'\Ianr industrial. 
hobby and general use.�-('ircuit {rat
ing, wiring and soldering, inspecting, 
assembling, jewelry repairing, elC, 
Hugged. H'rsatile. liigh and lOll 

beam. Intensity 1,-,0 ft. candles I:.!" from objeC't. Folds to 
10" x 21h" x 4", Arm with J friction points extends 10 1,,". 
Heftector swil'els 1600• Four I)lastie feet prevent seratcllinJ";, 
lla,�e l1a:: elcc. outlet to operale meters, �mall lool!,. Il'ith 
lamp OX or OI'P. Beige wrinkle tinisl1, 

VARIABLE UNIT-Fire intensilies from 12.2 f1. candle,. 
10 :Wi f1. candles. \\'eighlcd base Ilith elec. outlets, He
tlrctor sllirels :�60". T V2 fL extension tord. 

DUAL·HEAD U NIT-Two lamps on olle ha�e. Ollerale in· 
deJ1endentir on assembl�' lines for :.! operators or \og{,ther 
in allY conceivable position to prol'ide ,�hado\\-free lighling. 
etc. HefieclOr swhels 360°. Bach has 2 intensities: JII-:.!02 
ft. canelles; 1..0-80 ft. candles. 

Stock No, 70,602·S 
Stock No. 70.603.S 
Stock No. 70.604-S 

aId J. Ritchie. Consultants Bureau, 
1961. 

BALL LIGHTKIKG AS A PHYSICAL PHE

NOMEKOK. E. L. Hill in J oumal of Geo
physical Research, Vol. 65, No. 7, 
pages 1947-1952; July, 1960. 

DER KUGELBLITZ. Walther Brand in 
Probleme der Komischen Physik, Vol. 
II/III; 1923. 

THE FLIGHT OF THE THUNDERBOLTS. 

B. F. J. Schonland. Oxford University 
Press, 1950. 

THE NATURE OF BALL LIGHT:-.1IXG. P. L. 
Kapitsa in Ball Lightning. Edited and 
compiled by Donald J. Ritchie. Con
sultants Bureau, 1961. 

THE OPERATION 
ON PRESIDENT McKINLEY 

THE MAN WHO DIDN'T SHAKE HANDS. 

Robert J. Donovan in The New York
er, Vol. 29, No. 41, pages 105-108; 
November 28, 1953. 

PRESIDENTIAL GUNSHOT WOUNDS: THREE 

G-1oSE REPORTS. Esther Vincent in Sur
gery, Gynecology and Obstetrics, Vol. 
91, No. 1, pages 115-119; July, 1950. 

HOW SAP MOVES IN TREES 

ASCENT OF SAP . K. N. H. Greenidge in 
Annual Revieu; of Plant PhYSiology, 
Vol. 8, pages 237-256; 1957. 

COHESIVE LIFT OF SAP IK THE R.-\TTAK 

VIKE. P. F. Scholander, E. Hemming
sen and W. Garey in Science, Vol. 
134, No. 3493, pages 1835-1838; De
cember, 1961. 

TRANSPORT IN THE PHLOENr. Martin H. 
Zimmermann in Annual Review of 
Plant PhYSiology, Vol. 11, pages 167-
190; 1960. 

THA);SPOHT IK THE XYLEM. E. G. BoI
lard in Annual Review of Plant Physi
ology, Vol. 11, pages 141-166; 1960. 

MATHEMATICAL GAMES 

OK A SO-CALLED PARADOX. W. V. Quine 
in Mind, Vol. 62, No. 245, pages 65-
67; January, 1953. 

THE PREDICTION P.-1oRADOX. Ardon Lyon 
in Mind, Vol. 68, No. 272, pages 510-
517; October, 1959. 

UKEXPECTED EX.-1oJ-lIKATIONS AKD UN

PROVABLE STATEJ-IENTS. G. C. Nerlich 
in Mind, Vol. 70, No. 280, pages 503-
513; October, 1961. 

THE AMATEUR SCIENTIST 

TUKKEL DIODES. R. N. Han in IRE 
Transactions on Electron Devices, 
Vol. ED-7, No.1, pages 1-9; January, 
1960. 
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Sylvania/ECG has the answer 

The Sylvania Electronic Components Group is finding the an

swers to many complex system problems through the imagi

native design of advanced electronic components_ 

For instance, Sylvania ECG has developed a Microwave Pho

totube that will receive coherent light from a laser. This repre

sents an important step in advancing the huge potentialities 

of the laser in communications. 

In operation, the Microwave Phototube picks up the signal

carrying laser beam and converts it to a radio wave. The radio 

signal is then amplified by a built-in traveling wave tube in 

much the same way a superheterodyne radio receiver ampli

fies a broadcast program. 

The Microwave Phototube is but one example of advanced 

component design resulting from Sylvania ECG integrated re

search and engineering activities in � of the basic sciences, 

from chemistry to solid·state physics. 

One of the many new electronic components developed by Syl

vania ECG may well solve a problem you have in system design. 

Sylvania Electronic Components Group, Sylvania Electric 

Products Inc., 730 Third Avenue, New York 17, New York. 

SYLVANIA 
sueSIDIARY O� 

lJENERAL TELEPHONE &ELECTRONIC8 

SYLVANIA/ECG OFFERS NEW CAPABILITIES IN: ELECTRONIC TUBES • SEMICONDUCTORS • MICROWAVE DEVICES . SPECIAL COMPONENTS . DISPLAY DEVICES 
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