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®ll J g � M comp"e" 0,. help;og ,,;eo';," 0' 
several universities probe one of the most intriguing mys
teries of life-the puzzle of just how physical characteristics 
are passed along the family tree. Hopefully, this kind of 
research may lead to earlier diagnosis and treatment of 

many hereditary diseases. 
Scientists would like to know, for example, if a gene that 

causes a particular hereditary disease travels along with a 

What traits did he inherit 

gene for a normal trait, such as eye color or blood type. 
So far, they have been able to trace certain inherited traits 
back as many as nine generations. This problem is so com
plex that a single step may require as many as a million 
separate calculations. 

In this and other areas of science, business, and govern
ment, IBM computers are helping to find answers to prob
lems too complex for ordinary solutions. 

from his 

great-great-great-great-great-great-grandfather? 
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"Polaroid" & "PolaLine"® 

This and 554 

gets you a finished slide in less than 90 seconds 

"This" is a regular Polaroid Land Camera. 
The 55t is the per-exposure cost of special 
transparency film, including the mount. 

All you have to do is load the film into 
the camera, snap the shutter, pull the tab 
and wait a moment. Then open the back of 
the camera and peel off a transparency. 

After a quick hardening and mounting 
in a click-together frame the slide is ready 
to show. From snap to screen in less than 
90 seconds ... just about half the time it 

takes to cook your morning egg. And at 
about V3 the cost of conventionally proc
essed slides. 

A new Polaroid PolaLine Transparency 
film is especially designed for line copy 
work. The blacks are really black, the clear 
areas really clear. These are 3% x 4 trans
parencies for standard lantern slide pro
jectors. Development time is 10 seconds. 

There's another film for continuous tone 
work. It comes in two sizes, one for stand-

ard slide projectors and one for use in a 
complete system that employs 21/4 x 2% 
slides in a Polaroid Projector. Develop
ment time is 2 minutes. 

All three projection film types can be 
used with any Polaroid Land Camera that 
uses 40-series film except the J-66. 

For more information on how this film 
will help you in your work, write to Tech
nical Sales Dept., Polaroid Corporation, 
Cambridge 39, Mass. 
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SIMULATION 
fAI HYDAC Computer, Series 2000, introduces a new dimension to computer simulation by combining analog and digital 

operation into one integrated system. HYDAC achieves a computational efficiency well beyond the limits of either analog or 

digital computers alone. Moreover, it offers on economical alternative to tying a complete data processing computer to on analog 

computer for hybrid computation. 

HYDAC combines two major sub-systems; the well-known PACf® Series 231 R General Purpose Analog Computer and the new 

Series 350 Digital Console. The normal analog operations of summation, inversion, continuous integration, multiplication, division 

and function generation are performed by the analog computer while the digital system provides high-speed logic, switching and 
memory capability. All digital operations are accomplished by solid-state, general purpose, modular building blocks inter
connected by the proven prepatch panel system. HYDAC programming follows simple analog principles, making extensive 
retraining of analog programmers unnecessary_ 

HYDAC vastly increases the range of dynamic simulations that con be performed by computers. Such applications include itera
tion and optimization studies, partial differential equation solutions, simulation of logic functions, transport delay and other 
auxiliary mathematical functions as well as high-speed incremental computation. Full information on HYDAC, the new computer 
for dynamic simulation, can be obtained by writing for Bulletin HC 6238. HYDAC is a trademark of EAI. 

EAI ELECTRONIC ASSOCIATES, INC. Long Branch, New Jersey 
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60 TilE A,\T.\BCTIC. b� A. P. CI'aI'Y 

Introducing an issue on scientific explorations of the continent and its cnvirons. 

74 '1'111-: ,\.\TABCTIC A'\D THE I'PPEII AT.\IOSPIII-:BE. hy CIrIlI'lt,S \\'I'i�hi 
The contincnt is a good observatorv for studving such phenomena as the aurora. 

84 THE A,'iTAHCTIC AND THI� WEATHER, by ]\101'lOIl J. Bubill 

By radiating heat into space the Antarctic helps balance the earth's heat budget. 

113 TI-IE A.YI'ARCTIC OCEA:\I. by \'. C. KOI'l 
Although it is connected to the other great oceans, it has an identitv of its own. 

132 TI.m ICE OF TilE A,'iTAHCTIC, by Gordon de Q. Bobill 

If all of this mightv glacier melted, the level of the oceans \\·ould rise 130 feet. 

151 TilE LAND OF TIlE A:\ITARCTIC. by G. P. Woollard 

Measurements through the ice indicate that it is part continent, part archipelago. 

168 TlIE Ai\ClENT LIFE OF THE A,YI'ABCTIC. hy G. DOlilnalli alld W. LOII� 

The fossils of tropical plants suggest that Antarctica was not always at the Pole. 

186 THE OCEANIC LIFE OF THE ANTARCTIC, by Rolwl'i CuslrllIall j\llIl'phy 

The sea around the continent is one of the earth's richest biological provinces. 

212 THE TERRESTBIAL LIFE OF TIlE A'\TABCTrC. by GeOl'ge A. Llallo 

As poor as the oceanic life is rich, it consists of humble plants and invertebrates. 
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The need for optimum sensitivity in 
leak-detection equipment has be
come increasingly acute on every 
front of today's swiftly advancing 
technologies! .c I n the manufacture 
of aerospace systems and compo
nents, hermetically-sealed assem
blies, vacuum tubes, ceramic seals, 
metal envelopes, and similar prod
ucts - consistently reliable perform
ance, and prolonged shelf life is now 
vitally linked to positive leakage 
control! 

The successful breakthrough of 
Vacuum Instrument Corporation's 
MD-140 Ultra-High Sensitivity Mass 
Spectrometer Leak Detector (5x 1 0-14 
std cc/sec at full pumping speed) 
marks a milestone in the progress of 
high-vacuum technology. The unpre· 
cedented MD-140 now makes pos
sible a more rapid, accurate, and 
consistently reliable measurement 
of leak rates than ever before! 

1,000 TIMES MORE SENSITIVE 
than anything on the market today! 
Yet the "MD-140" is comparable in 
price to the far less sensitive, con
ventional leak detectors. 

MD-140 ULTRA-HIGH SENSITIVITY 
MASS SPECTROMETER 

LEAK DETECTOR ... 

A completely self
contained mobile 
unit in console 
desk design • . •  
for more conven
ient, precise oper
ation, whether operator 
seated or standing! 

WHY IS LEAK DETECTIDN 
IMPORTANT TO YOU? 

HOW SENSITIVE SHOULD 
A LEAK DETECTOR BE? 

USING THE MASS 
SPECTROMETER 

PRINCIPLE WITH 
DIFFERENTIAL 

SORPTION 
(PAT'O.) 

Hinged side 
panels for 

easy 
access to 

components. 

WRITE FOR TECHNICAL BULLETIN MO·140 

Yfl' :'0 
VACUUM '1:' INSTRUMENT 

I '. CORPORATION 

4 

Stepar Place, Huntington Station, N. Y. 
516 HAmilton 3-5520 Manufactll1ers of High Vacuum Equipment 

THE COVER 
The map on the cover symbolizes the subjcct to which this issue of 
SCIENTIFIC AJ.J£Hlc.�!\ is devoted: the Antarctic. The modeling of the 
map outlines the relief of Antarctica: the great polar plateau toward the 
bottom, the Antarctic Peninsula at the top, the Ross Ice Shelf a.t the left. 
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539. SHIP OF FOOLS by 
KATHERINE ANNE PORTER 

(Publisher's retail price 
$6.50) 

540. THE ROTHSCHILDS 
by FREDERIC MORTON. Il
lustrated. (Publisher's re
tail price $5.95) 

521. MY LIFE IN COURT 523. THE GUNS OF AU
by LOUIS NIZER. (Pub. GUST by BARBARA w. 
lisher's retail price $5.95) TUCHMAN. IIlus. (Pub. 

455. THE AGONY AND 
THE ECSTASY by IRVING 
STONE. (Publisher's re
tail price $5.95) 

431. THE RISE AND FALL 
OF THE THiRD REICH by 
WILLIAM L, SHIRER. (Pub· 
lisher's retail price $10) 

520. THE BULL FROM THE 467. THE MAKING OF 
SEA by MARY RENAULT THE PRESIDENT - 1960 
(Publisher's retail price by THEODORE H. WHITE 

$4.95) (Pub!. retail price $6.95) 

543. SCOTT FITZGERALD 
by ANDREW TURNBULL. Il
lustrated. (Publisher's re
tail price $5.95) 

lisher's retail price $6.95 

435. TO KILL A MOCK
INGBIRD by HARPER LEE 
(Pub!. retail price $3.95) 

537. THE LAST PLANTA
GENETS by THOMAS B. 
COSTAIN. Maps. (Publish
er's retail price $5.75) 

500. THE AGE OF REA
SON BEGINS by WILL ,md 
ARIEL DURANT. Illustrated 
(Publ. retail price SIO) 

ANY THREE of these books for $1 EACH 
[INCLUDING THOSE LISTED BELOW] 

THE TRIAL: SIMPLY BUY THREE ADDITIONAL BOOKS WITHIN A YEAR AT THE MEMBERS' PRICES, WHICH AVERAGE 20% BELOW THE PUBLISHERS' RETAIL PRICES 

463. THE EDGE OF SADNESS by ED· 
WIN O

'
CONNOR. (Publisher's re

tail price $5) 

498. �1���r�te�REE
(t�b{i��e:�A�:�IT 

price $5.95) 

457. RING OF BRIGHT WATER by 
GA V I N  MAXWELL. Illustrated 
(Publisher'S retail price $5) 

522. CITIZEN HEARST by w. A. SWAN· 
BERG. Illustrated. (Publisher's 
retail price $7.50) 

545. A BRIDGE FOR PASSING by 
PEARL S. BUCK. (Publisher's re
tail price $4.50) 

503. MILA 18 by LEON URIS. (Pub· 
lisher's retail price $4.95) 

519. THE MORNING AND THE EVE
NING by JOAN WILLIAMS. (Pub
lisher's retail price $4) 

536. TWILIGHT OF HONOR by AL 
DEWLEN. (Publisher's retail price 
$4.95 ) 

502. THE COMING FURY by BRUCB 
CATTON. Maps. (Publisher'S re
tail price $7.50) 

486. THE WINTER OF OUR DISCON
TENT by JOHN STEINBECK. (Pub· 
lisher's retail price $4.50) 

GOOD SENSE FOR EVERY READING FAMILY 

T HE PURPOSE of this suggested 
trial membership is to demon

strate two things by YOllr own ex· 
perience: first, that you can really 
keep yourself from missing, through 
oversight or overbusy ness, books 
you fully intend to read; second, 
the advantages of the Club's 
unique Book·Dividend system, 
through which members can reg
ularly receive valuable library vol
Hmes-at a small fraction of their 
price-simply by buying books 
they would buy anyway. The offer 
described here really represents 
"advance" Book-Dividends earned 
by the purchase of the three books 
you engage to buy later. 

* The three books you choose 
from those offered on this page 
will be sent to you immediately 

and you will be billed $1.00 for 
each volume you select (plus a 
small charge for postage and 
handling). 

* If you continue after this 
trial you will receive, lVith every 
Cillb choice YOIl buy, a Book·Divi
dend Certificate. Each certificate, 
together with a nominal sum-usu
ally $1.00-can be redeemed for a 
valuable Book-Dividend which you 
may choose from a catalog of 
more than a hundred fine library 
volumes whose publishers' retail 
prices now average $7.00. Since 
the inauguration of the Book-Divi
dend system, $270,000,000 worth 
of books (retail value) has been 
earned and received by Book-of
the·Month Club members through 
this unique profit-sharing plan. 

48S. INSIDE EUROPE TODAY by 
JOHN GUNTHER. 1962 revised 
edition. (Publisher's retail price 
$5.95 ) 

487. THE SHORT STORIES OF ER
NEST HEMINGWAY. (Publish. 
er's retail price $6) 

448. ABRAHAM LINCOLN: The Praide 
Years AND The War Years by 
CARL SANDBURG. I-vol. edition 
Illustrated. (Publisher's retail 
price $7.50) 

447. VANITY FAIR: A Cavalcade of 
the 19205 and 19305. Illus
trated. (Publisher's retail price 
$10) 

466. THE FASCINATING WORLD OF 
ASTRONOMY b)' ROBERT S. RiCH
ARDSON. Illustrated. (Publisher'S 
retail price $5.95) 

483. PETER FREUCHEN'S BOOK OF 
THE ESKIMOS. Illustrated 
(Publisher's retail price $7.50) 

157. THE POPULAR MEDICAL ENCY
CLOPEDIA by MORRIS FISHBEIN, 
M.D. Illustrated. (Publisher'S re
tail price $4.95) 

150. STUDIES IN THE PSYCHOLOGY 
OF SEX by HAVELOCK ELLIS. 2 
vols. (Publisher'S retail price 
$15) Each vol. $1 

152. BARTLETT'S FAMILIAR QUOTA
TIONS. 1 3th ed;t;on. (Publish· 
er's retail price $10) 

504. DR. SPOCK TALKS WITH MOTH
ERS by BENJAMIN SPOCK, M.D. 
(Publisher's retail price $5) 

151. IDEAL MARRIAGE: Its Physiol
ogy and Technique by TH. H. 
VAN DE VELDE, M.D. Illustrated 
(Publisher's retail price $7.50) 

BOOK-OF-THE-MONTH CLUB, Inc. A170·9 
345 Hudson Street, New York 14, N. Y. 

Please enroll me as a member of the Book-of-the-Month Club· and send 
me the three books whose numbers I have indicated in boxes below, billing 
me $3.00. t I agree to purchase at least three additional monthly Selections 
-or alternates-during the first year I am a member. The pricet will never 
be more than the publisher's price, and frequently less. I have the right to 
cancel my membership any time after buying three Club choices (in addi
tion to those included in this introductory offer). After my third purchase, 
if I continue, I am to receive a Book-Dividend Certificate with every Selec
tion-or alternate�I buy. Each certificate, together with a nominal sum
usually $l.OQ--can be redeemed for a Book-Dividend· which I may choose 
from a. wide variety always available. PLEASE NOTE: Whenever two or more 
books are offered together at a special combined price. such a purchase 
is counted as a single book in earning Book-Dividend Certificates and in 
fulfilling the membership obligation to buy three Club choices. tA small charge Is addcd to cover postage and mailing cxpcnses 

Indicate by number in boxes at right 
the three books you want 

m�s � . . . . . . . . . ... . ... . .. . . . . .  ',p;;;;; ',;,j,;; ' p,.,',;,,:, . . . . . . . . . . . . . . . . . . . . . . .  . 

Address . . . . . . . . • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • . . . . . . .  

City ...... . . . . .. . . . . . . . .. . . . . . . . . . . . . . . . ... Zone .. . . . . State. 
Selections and alternates for Canadian memuers arc usually 
prlcedt slightly higher and arc shll)Jlcd from Toronto duty fr('f'. 

.Tradcma,.k Reo. U. S. Pat. Off. alld i'l Cunuda 
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POLARIS-called "America's mightiest war 
deterrent"-relies on Librascope for target 
data-input units, ship's position-interpolation 
u n i t s ,  m i s s i l e - m o t i o n  u n i t s ,  g u i d a n c e
correction input panels, alignment units, and 
erection units. Like the rest of the Polaris 
weapon system, these units were delivered 
ahead of original schedule. 

ASROC-The computer which directs firing 
of the Navy's antisubmarine rocket weapon 
system, a mainstay of U.S. defense. It is one 
of the latest of 11 major Librascope contribu
tions to ASW dating from 1940. Many of the 
underwater fire control systems in the Navy's 
antisubmarine fleet today were designed 
and/or built by librascope. 

HOW 
III COPE 

COMPUTERS All 
I oopROCESSll1 

IS SERVI 
A AICEI 
PRIJE 

PENTAGON-After 1963, this Librascope 
multiple-computer system, a key subcomplex 
of USAF's 473L command-and-control system, 
will support U.S. global strategy. One of many 
new, large-scale computing complexes with 
which Librascope serves the growing needs 
of business management, science, and the 
defense establishment. 

Fro m  tactical weapon con t rol 

to s pace r e s earch to Pen tagon 

strategy, some of the nation's most 

ad vanced military and scientific 

projects d e pend on Librascope 

equipment for data interpretation 

and the control of weapons and 

operations. Dependability of per

formance is steeped in the maturity 

of Librascope experience that dates 

from the earliest years of computer 

technology. Above are examples of 

electronic and electromechanical 
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CENTAUR-The first computer designed to 
guide an exploratory instrument package to a 
soft landing on the moon will be carried aloft 
inside NASA's Atlas/Centaur spacecraft. One 
of the smallest and lightest general-purpose 
digital computers known, it is typical of many 
e n v i r o n m e n t a l l y  d e s i g n e d  Lib r a s c o p e  
computers for space vehicles and missiles. 

nerve centers produced by Libra

scope for systems in today's news. 

D The needs of commerce and in

dustry, too, are met by a wide vari

ety of computers developed and 

produced by Librascope for scien

tific and engineering studies, oper-

SUBROC-Fire control for the Navy's first 
four-phase ASW weapon system is furnished 
by this Librascope digital computer. It directs 
the complex target approach pattern of a 
su bsu rface-to-su bsu rface weapon with fou r 
modes of operation on every shot: underwater 
launching, atmospheric boost-glide trajectory, 
water re-entry and target contact. 

ations analysis, product research, 

industrial process control, and ail' 

traffic controL D Whether your 

proj ect is industrial, military, or 

government, consider taking your 

computer-control, data-processing 

requirements to the developers of 

many major operational systems. 

LI BRASCOPE DIVISION 

@) @����&[b 
�[Rl�©D@D@� 

808 Western Avenue, Glendale 1, California 

AI RLI FT -This Li brascope navigation/data
processing system will participate in global 
airlift missions aboard the C-1 41 turbofan 
transport. Inputs: heading reference, air data. 
T ACAN, LORAN, radar celestial tracker. Out
puts: to autopilot, flight-director computer, 
attitude director /i nd icator, horizontal-situation 
indicator, heading/bearing/distance indicator_ 

-� 
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� pratticat tested AT-HOME program to help you 

READ FASTER 
REMEMBER MORE 

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

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

How many "fixations" do your eyes make on each line? 

In reading, your eyes actually move in little jumps, with 
momentary pauses in between 

'
called "eye fixations." Try 

reading the main article in this magazine. You should 
get across each line of this width and type size in not 
more than two "eye fixations." If there are more-if there 
are three, four or five-it shows your eye span is too nar
row. It can be vastly widened by the exercises provided. 

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

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

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

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

with privilege 4 return 
within two weeks 

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

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

INCLUDED WITHOUT CHARGE WITH PORTFOLIO 1 
'Reading-Pacer and 'Rcading-'Jimer 

(COMBINED RETAIL VALUE: $20.00) 

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

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

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

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

H
ow OFTEN do you hear your

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

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

FOR OVER a quarter of a century 
psychologists have been study

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

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

Two other important discoveries 
were made: 

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

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

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

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

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

THE TECHNIQUES have been so 
worked out that no supervising 

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

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

A SIMPLE METHOD OF OPERATION 

T HE FULL program consists of 
thirteen portfolios. The first is 

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

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

* EXECUTIVES * 

... substantial discounts for quan

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

READING IMPROVEMENT PROGRAM K170·9 

c/o Book-of-the-Month (Iub, Inc., 345 Hudson Street, New York 14, N. Y. 

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

�:�.}--------------��--��---------------MISS (Plea se Print) D Check here if you 

are also interested in 

information about 

multiple orders. 

Add ress ___________________________________ _ 

City _________________ Zonc __ Sta te __________ _ 

Portfolios for Canadian subscribers are pril..ttd at $5.25 edch r-;-lS (plus mailing expense) and are shipped from Toronto duty free. I� 
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NEW PARAMETERS IN PIEZOELECTRICITY 
I . 

1. Sonar 2. Hydrophone 3. Communication 

Power handling capacity of PZT® ceramics 
increases efficiency of acoustic transducers 
Clevite PZT ceramics improve underwater acous

tics ten-fold over other transducer elements. High 

coupling coefficient combined with low dielectric 

loss permits longer range for sonar and depth 

sounding. Higher sensitivity and internal capacity 

provide stronger signal for hydrophones and 

underwater communications. _ Clevite uniformly 

produces various piezoelectric materials for design 

applications throughout industry with properties 

including stable resonant frequency, ability to 

perform within broad temperature extremes, and 

high or low mechanical Q, dielectric constant and 

resistivity. The characteristics of PZT ceramics 

and Clevite's manufacturing techniques offer sig

nificant economies and versatility in transducer 

design. PZT materials accept more-convert more 

power per dollar invested than any other piezo

electrics. _ Whatever your field of interest, inves

tigate the design flexibility of PZT ceramics. 

Engineering data and 

prices for prototype or C LEV I T E 
production are avail- ELECTRONIC 
able. Company letter- COMPONENTS 

DIVISION OF � CORPORATION 
head is appreciated. 232 FORBES ROAD. BEDFORD. OHIO 
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WHAT HAVE YOU DONE LATELY FOR THE BOMBYX MORI? 

The Bombyx mori is smaller than 

a small butterfly, and nowhere near 

as handsome. Yet emperors have 

knelt to him, armies have fought 

over him, ships have sailed for him, 

poets have rhapsodized him. Not for 

what he is, but for what he does. He 

swivels his head for three full days. 

You see, a Bombyx mori is a 

moth. A baby Bombyx is a silk

worm. As soon as a silkworm is 

hatched, he heads straight for the 

nearest mulberry leaf and starts 

chewing. His appetite is prodigious. 

As he matures, he stores up a clear, 

viscous fluid. Then, at a magic mo

ment known only to silkworms, he 

ejects this fluid together with a 

resinous substance called sericin. 

When exposed to air, the fluid 

hardens into two gossamer fila

ments which are bonded by the 

sericin into a single solid thread. 

The baby Bombyx forms his 

cocoon by wrapping this thread 

around his body. To accomplish 

this, he has to swivel his head con

stantly for three groggy days or so. 

By then, he has spun out a pure 

silk thread about 1000 yards long. 

Take four or five cocoons, pick 

out the beginning of the thread in 

each, twist them together, reel them 

into a skein, and you've got raw 

silk. Then weave it into a fabric. 

Simple. 

But now the plot thickens. Exit 

Bombyx mori. Enter the villain-a 

drop of water. It falls on a $500 
silk gown. The gown is ruined. 

And that, for centuries, was the 

trouble with silk. It went out into 

the fashion world beautifully, but 

timidly. "Look, but don't touch," it 

whispered. Worse still, silk lost its 

regal rustle after a wearing or two 

and became as limp as a rag doll. 

Small wonder, then, that in to

day's practical and impatient 

world, the cloth of kings and queens 

gradually fell from favor. Why 

bother with silk, reasoned modern 

women, when you can buy so many 

synthetic fabrics that look almost as 

good-and behave so much better? 

But one company with a large 

stake in the silk industry was not 

ready to write silk off. So, they 

brought their problem to Cyanamid. 

Why Cyanamid? Because our 

Organic Chemicals Division has 

grappled with and solved tough 

textile finishing problems. Their 

well-established Cyana® Permel® 

finishes have made wool incredibly 

wrinkle-r esistant ... even made 

cotton water-repellent. In alilikeli

hood, these same finishes could be 

adapted to silk. 

The chemists went to work. So 

did the application technicians. 

Tests were run in Cyanamid lab-

oratories and at the customer's 

plant. Information, suggestions and 

results shuttled back and forth for 

many months. Then, finally, a 

product was formulated that satis

fied both the scientists and the cus

tomer. 

The ultimate product, called 

Cyana® Special Permel Plus® fin

ish, literally transforms silk into a 

carefree fabric. It coats the fibers 

so effectively that a drop of water, 

or any water-based liquid, rolls off 

or can be brushed off with a flick 

of the hand. 

Even more important, this new 

resin allows silk to retain all its 

inimitable feel and quality. Even a 

baby Bombyx couldn't tell the dif

ference between a treated and an 

untreated sample. And neither, 

we'll wager, can you. We'd be de

lighted to send you swatches and 

let you put it to the test. 

Cyanamid, of course, finds this 

renaissance most gratifying. Be

cause breathing life into an age-old 

product is every bit as much fun as 

giving birth to a new one. 

That's why all our twelve divi

sions bend their efforts equally 

hard in both directions. 

Besides, any worm that can 

swivel his head for three full days 

certainly deserves a helping hand. 

Agricultural/Building Products / Davis & Geck / Fibers / Formica Corporation c::::: C Y A. 1'\T A. � I J:> ::::> 
Industrial Chemicals / lederle laboratories / Organic Chemicals / Pigments 

Plastics and Resins / Cyanamid of Canada limited / Cyanamid International AMERICAN CYANAMID COMPANY, WAYNE, N.J. 
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$2390 
is the monthly rental on a solid-state high-speed binary computer 

ideally suited to scientific applications-the GE-225 

This low price includes a 4096 word magnetic core memory 

plus paper-tape reader and punch and the typewriter. For 

only $2675 you could have the same system with a card 

punch and reader in place of the paper-tape unit. This gives 

you all you need to handle scientific and engineering prob

lems. You don't have to buy any "extra" features, and you 

can have 90 day delivery. 

Why is the GE-225 such a successful scientific machine? 

Because it's designed strictly along big computer lines: high 

speed arithmetic, 18 f' s memory access, a full-scale scientific 

language, double-word capability, over 150 commands, in

cluding input-output. 

And if you should decide to expand your system, look at 

the growing room you get. Internal memory can be in

creased to 16,384 words. Floating point hardware is avail

able. You can add a full complement of peripheral equip

ment to handle high volume business data processing as 

well. And the GE-225 is capable of simultaneous read-write

compute of all peripheral units. 

If you'd like to know more about how the GE-225 has 

been tailored to your scientific needs, write Mr. E. V. Scott, 

Manager of Scientific Sales, General Electric Computer 

Department, Section U9, Phoenix, Arizona. 

Prog�S$ Is Ollr Most Imporfilnt Prot/llcf 

GEN ERAL . ELECTRIC 
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Waiting for engineering prints is not only annoying ... it's expensive! 
Valuable engineering time is wasted when your engineers have to 

wait for working prints. Prpduction idles. Work piles up. Hundreds 

of leading industrial companies have solved this costly problem by 

converting their reproduction systems to xerography. Xerox equip

ment enables you to fill print requests faster. It produces sharp, 
black on white prints-size for size, enlarged or reduced--on 

ordinary paper, vellum or offset paper masters. Prints are dry, 

ready for immediate use; can be written on easily with pen or pencil. 
No capital investment either. We'll loan you our equipment at 

modest monthly rentals. Make sense? You bet it does! Write for 
complete details. XEROX CORPORATION, 62-89X Lyell Ave., Roch

ester 3, N. Y. Offices in principal U. S. and Canadian cities. Over

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

II 

, 

MODEl 121 8 COPYFlO® Con-
copying equip-

W 
tinuous Print-

ment for sharp, ers* for auto-
inexpensive pa- m a t i  c hi g h 
per masters from vol u m e  r e pro-
original draw- du c t i o n  f r om 
ings A to 0 size. originals or roll 

microfilm. 

COPYFlO 24C' 

B 
1824® PRINTER 

for fully auto· for small volume 
matic high speed or decentralized 
r e p r o d u c t i o n  users of eng i-
f r om r o l l  o r  "eefing prints 
card - mounted from microfilm 
microfilm. of all types. 

'Prints automatically onto ordinary paper, vellum or 
offset paper masters at rate of 20' per minute! 

XEROX 
CORPORATION 
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This research specialist is subjecting a military power pack

age to programmed torture. Purpose ... establishing design 

and hardware reliability. This type of practical research was 

applied to the development of a 700 HP aluminum compres

sion ignition engine weighing about four pounds per HP. 

A standard procedure at Caterpillar, testing of this type 
is used regularly with new components, engines and vehicles. 

A new facility has been completed which will expedite these 
engine testing programs through the built-in fuel, water, 
exhaust, control and instrument systems. 

A six-winged building of 164,000 sq. ft., the new Engine 
Research and Development Laboratory houses a complex of 
72 testing cells where a wide variety of engines can be tested. 

Each cell is air conditioned to 75° Fahrenheit and is main
tained at a slight vacuum. Each has its own inertia block 
to eliminate the transfer of vibration from one test zone to 
another. Each is completely soundproof. The researcher 
and the engine are separated by thick pane glass panels. 

During testing, an automatic console control permits the 
researcher to subject the engine to any of the many stresses 
and strains it could encounter during its work life. With 
the flick of a switch or the turn of a dial, the specialist can 
adjust the water temperature of the cooling system, the 
horsepower, the oi I and fuel pressure, the RPM, the load and 

torque, or many other conditions. 
The effect these changing conditions have on the engine's 

performance is accurately measured at the console. Test 
results are correlated-and often predicted-by digital and 
analog computers. The analysis of these results is combined 

with the findings of a physical examination of individual 

parts for ways to provide maximum reliability. 

Another building soon to be ready at the Technical Center 
is the Gas Turbine Engine Laboratory. Here will be housed 
facilities for the research group which has been exploring 
this exciting new engine concept for the past five years. 

When the Center is completed it will consist of six 

buildings. It will house 1400 engineers, physicists, applied 

mathematicians, chemists, metallurgists, instrumentation 
specialists and laboratory technicians who are part of the 
Caterpillar research and development team. 

It will provide needed additional space and facilities for 
the intensive research currently going on in metal fatigue, 
high-speed rotational phenomena, fluid mechanics, fuels and 
lubricants, special studies in basic materials, and dozens 

of other projects. 
This type of research helps 

'
assure you of effective per

formance, with minimum maintenance, from specialized ve

hicles such as the AUET and eight-ton GOER vehicles, and 

new-concept power packages such as the LDS-750 and LVDS-
1100 aluminum engines. 

For more information about how Caterpillar's expanding 
R&D facilities can contribute to the solution of your ground 

mobility problems, write Defense Products Department, 
Caterpillar Tractor Co., Peoria, Illinois. 

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

Caterpillar Tractor Co., General Offices, Peoria, Illinois • Caterpillar Americas Co., 

Peoria, Illinois • 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 
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R E P O RTI N G  O N : 

SILICOLOGY 
An Innovation in 

Silicone Technology 

New Organo-S i l icone Su rfacta nts : 

Wate r Sol ub l e  and  Non-Hyd rolyzab le  
Ten years ago , UNION CARBIDE invented 
and developed the L-520 type organo
silicone block copolymer . . .  and now, 
UNION CARBIDE'S research and develop
ment leadership scores another break
through with three new non-hydrolyzable 
organo-silicone copolymer compounds. 

The new products -L-530, L-53 1 and 
L-53 10-are stable in water, surface ac
tive, possess superior release and lubri
cating properties - and are completely 
soluble in water, some alcohols and (J 
number of other organic solvents. As a 
result, these highly versatile silicones 
potentially can revolutionize the prod
ucts of many industries-paint, plastics, 
automotive and others. 

HOW THE COPOLYMERS ARE MADE 

These new organo-silicones are the prod
uct of block-polymerization, as opposed 
to  hetero - p olymeriz a t i o n .  They are 
formed by polymerizing a group of or
ganic monomers, then a separate group 
of silicone monomers . When these groups 
are combined, they become a block co
polymer. Result : an end-product which 
retains many of the properties of both 
starting materials while blending them 
into a workable whole . 

REMARKABLE VERSATILITY 
Union Carbide's new non-hydrolyzable 
organo-silicone copolymers are already 
finding use as stabilizers for rigid poly
ether urethane foam. They provide more 
uniform cell structure-controlled so well 
that nearly all the cells are closed, result-

ing in much higher thermal insulating 
efficiency and excellent storage stability . 
Other interesting uses : 

AS AN ANTI ·fOAM -Their low surface ten
sion makes them an excellent foam sup
pressant when added to a system where 
they're insoluble in the foaming medium . 
The chemical process indush·ies should 
find interest in this new family of surface 
active agents with unusual solubility and 
anti-foam performance. 

IMPROVED PAINT FLOW·OUT- Poor flow-out 
can occur in latex paints . Dimethyl sili
cones are effective flow-out agents, but 

they are not soluble and tend to form 
fisheyes and cause poor adhesion of sub· 
sequent coats . L-530 improves flow-out, 
minimizes adhesion problems. 

NEW H I G H  I N  LUBRIC ITY-These new com
pounds far outperform dimethyl silicone 
oil in lubricity, exhibit a smaller viscosity 
change than petroleum oils when sub
jected to changing temperatures, and ex
tend operating temperatures to 5 0 ° F  or 
more above that of petroleum oils . 

S U PER I O R  R E lEAS E AG ENT- Conventional 

silicones are excellent release agents, but 
their high surface activity and solubility 
often interfere with subsequent coating 
operations .  L-530 fluids exhibit fewer 
undesirable side effects, and permit coat
ings on molded parts that are even, firmly 
adherent and less inclined to peel. 

H I G H  ANTI · STATIC  AND ANTI · fOG PERfORM· 

ANCE-A coating of UNION CARBIDE L-530 
or L-53 1 on vinyl phonograph records 
prevents a buildup of dust-collecting 

static. On eyeglasses, mirrors, automobile 
windshields, the new organo-silicones of
fer an excellent defense against fogging. 

TECHNOLOGICAL LEADER 
UNION CARBIDE i s  the leading innovator 
in silicone technology. Development of 
this new family of organo-silicone fluids 
is just one example of its research and 
development. In addition to its own re
sources, the Silicones Division also has 
the cooperation of the vast facilities of 
UNION CARBIDE Corporation and its Divi
sions. 

If you have a production problem, we 
urge you to call your UNION CARBIDE Sili
cones Man. Whatever your needs in any 
field of silicones, he can fill them . For full 
information, send us the conpon now. 

SI LICONES 
UNION CARBIDE is a registered trade mark of 

Union Carbide Corporation. 
r - - - - - - - - - - - - - - - - - -

Silicones Division 
Union Carbide Corporation 
Dept. 184-4204" 30·20 Thomson Avenue, 
Long Island City 1, N .  Y. 

In Canada: Union Carbide Canada Ltd., 
Toronto 1 2 .  

Please send me data on UNION CARBIDE 
non.hydrolyzable silicone copolymers. I am 

interested in their properties . 

NAME __________________ __ 

FIRM ____________________ _ 

ADDREss ______________________ __ 

CITy ______ ZONE __ STATE __ _ 
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S?fII FI N E  FOODS, I NC. 
" O N E  O F  THE NATI O N 'S LEA D I N G  QUALITY F O O D  PAC K E R S  A N D  D ISTR I B UTORS." 

HWhy we chose the NCR Computer."  -s and W Fine Foods, Inc . ,  San Francisco 

"With the m a n y  items in o u r  p rod u ct l i ne, 

we h a ve u rgent  need for a data p rocess i n g  

syste m w h ich perm its fast r a n d o m  a ccess t o  

d a ta stored i n  o u r  b i l l i n g ,  accou nts receiv

a b le,  a nd inventory f i les .  After a thorou g h  

i n vest igot ion,  we c h ose t h e  N C R  3 1 5  Com

puter  w h ic h  featu res C RAM . . .  C a rd Ran

d o m  Access Memory . . .  a s  the  one best 

su ited to o u r  pa rtic u l a r  d a ta p rocess i n g  

req u i reme nts. 

"CRAM w i l l  e n a b l e  us  to sto re a l l  the re

q u i red b i l l i n g ,  accounts  receiva b l e ,  a n d  i n -

ventory d a ta o n - l i n e  w i t h  the computer .  T h e n  

a s  sa les d ata is  i ntrod uced,  the  comp uter 

w i l l  ma ke a l l  the  necessa ry b i l l i n g  exte n·  

s ions,  post the  accou nts rece iva b l e ,  and 

reduce the sepa rate i nventor ies-a l l  o n  an  

extreme ly  fast r a n d o m  access bas is .  

" B e i n g  i n  a bus i ness where Q U A L I TY i s  
of pa ra m o u n t  i m po rta nce, we were very 

i m p ressed with the  q u a l ity b u i l t  into the 

mach i n es w h ich  m a k e  u p  the N C R  3 1 5  Sys

te m .  S i m i l a r ly ,  we were i m p ressed with  t he 

q u a l i ty b u i l t  i nto NC R's softwa re- i n  both 

the sta n d a rd p rog rams and ba c k u p  su pport 

offered . 

" I n  s u m m a ry,  we a re ce rta i n  the  N C R  3 1 5  
C RAM Comp uter System w i l l  b e  a h i g h l y 

p r o f : t o b l e  i n vestment ."  

S a n d  W Fine Foods, Inc .  

N C R  P R OV I D E S  TOTAL S Y S T E M S - F R O M  O R I G I N A L  E N T R Y  TO F I N A L  R E P O R T 
T H R O U G H  A C C O U N T I N G  M AC H I N ES. C A S H  R E G I S T E R S  O R  A D D I N G  M AC H I N E S, A N D  D ATA P R O C E S S I N G  
T h e  N a t i o n a l  C a S h  R e g i st e r  C o . - 1 ,133 off i c e s  i n  1 20 c o u n t r i e s - 7 8  y e a r s  of h e l p i n g  b u s i n e s s  s a v e  m o n e y  
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TODAY THEY FLY WEATHER OR  NOT O n c e  navi g at i o n  d e pe n d e d  on v i s i b i l ity. N o  

• • •  m o r e .  T o d ay e q u i p m e n t  d ev e l o p e d  by I TT 

e n a b l e s  a i r c raft to take off, reach a d e sti n at i o n  and l a n d  i n  v i rt u a l l y  any k i n d  of w e ath e r .  S i n c e  1 90 7  I TT 

s c i e nt ists have p i o n e e re d  m o st of the m aj o r  i m prove m e nts w h i c h  have transfo r m e d  f l y i n g  fro m a " s e at-of-t h e 

p a n t s "  tal ent  i nto an exact sc i e n c e .  A n d  tod ay, e v e ry 30 s e c o n d s  s o m ewh e r e  i n  the w o rl d ,  an ai rcraft l a n d s  

safe ly with the h e l p  of  e q u i p m e n t  d e v e l o p e d  by I TT. A m o n g  ITT's m a n y  Avi o n i c  i nv e n ti o n s  i s  TACA N ,  t h e  

fi rst m i l itary a i r  navi g ati o n  syst e m  su itabl e f o r  h i g h - s p e e d  j ets.  An I TT D i v i s i o n  i s  n o w  e q u i p p i n g  m o r e  than 

3000 A l l i e d  j e t  f i g ht e rs with TACAN e q u i p m e nt b u i lt by I TT affi l i at e s  i n  G e r m any,  Italy ,  Canada,  B e l g i u m ,  the 

N et h e r l a n d s ,  Japan a n d  the U .  S .  O u r  w o r l d wi d e  o r g a n i zati o n  i s  u n i q u e l y  e q u i pp e d  to han d l e  s u c h  i n t e rnat i o n a l  j o bs.  

I nt e r n ati o n a l  T e l e p h o n e  and T e l e g raph C o r p o rati o n ,  W o r l d  H eadq u a rte r s :  320 Park Av e . ,  New York 22, N . Y .  
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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. 

Only the Friden Model SRQ offers 

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, 10-minute 

demonstration, call your local 

Friden man. Or write:Friden, Inc., 

San Leandro, California. 

Friden 
Sales, Service ami Inslmctioll Throllghollt fhe U.S. alld World 

LETTERS 
Sirs: 

May I offer a slight correction to 
L. Don Leet's article "The Detection of 
Underground Explosions" in your June 
issue? 

Small earthquakes, recording com
paJ'ably with the Bikini test Baker of 
1946 (which was under water, not un
derground), often appear on Benioff 
seismograms with only the P phase and 
no subsequent identifiable motion. Our 
seismogram file, beginning with the first 
Benioff installations in 1931, includes 
thousands of such recordings. They are 
frequent at distances near 8,000 kilo
meters, that of the Bikini test Baker re
cording. 

Otherwise the article is a reasonably 
good' simplified summary of what was 
generally accepted about 1956, before 
the Rainier test and other significant de
velopments. I recommend it to qualified 
students as an introduction to the prob
lem before they go on to examine the 
great progress of the past few years. 

CHAHLES F. RICHTEH 

Professor of Seismology 
Seismological Laboratory 
Division of the Geological Sciences 
California Institute of Technology 
Pasadena, Calif. 

Sirs: 
I am puzzled by Professor Richter's 

letter. He fails to mention several im
portant features of the combination of 
criteria the article explains. And he does 
not explicitly state that my proposals 
will not work. If his remarks are meant 
to imply this, I should like to point out 
that a single set of records from the 
three distance zones should establish 
the incorrectness of my position. If he, 
or anyone, will produce a set of seismo
grams from an earthquake that shows 
the characteristics I feel are unique for 
underground explosions, the argument 
is over. Nobody has done this to date. 

In view of recent press releases from 
the Department of Defense, concurred 
in by the State Department and the 
Atomic Energy Commission, that there 
has been "little change" in previous con
clusions about the difficulties of detect
ing underground nuclear explosions. it 
is a pity that Professor Richter has not 

---s-:: 
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no 

it's 
your 
baby 
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a digital capacitance meter 
will solve your measurement 

problems for a solid .. liquid .. gas 

• Do yon reqUIre measurell1rmls of c/lflmcteristics such as: 
thickness insulating propel·ties 
density gaps and c!eamnces 
mOisture contellt homogenelty 
chemical consistency quantities 01' levels 

as they indicate the quality of yOll r product, or as they are affected by 
changes in temperature, pressure, or humidity? 
• Are yOtl1" materials colTosive to measuring devices? 
• Al'e there problems in access to the test point? 
• Must a flow 01' travel be maintained at high rates, without inter
ference by contact with or obst1"Uction of measuring devices? 

Such problems in measurement can be solved by Electro Instruments' 
new Digital Capacitance Meter. This automatic, high-speed instru
ment has been measuring capacitors to one part in 10". ''''here the 
physical dimensions of conductive surfaces and insulating materials 
are known, our accurate measurements relate directly to the dielectric 
constant of the non-conductive material: its ability to store electrical 
charge. 

A solid, liquid or gas, moving or stationary with respect to two elec
trodes, forms a capacitor. Changes in the process, chemistry, environ
mental conditions, etc. of a test substance will alter its dielectric 
constant. These deviations from a design center or original value can 
be measured continuously and rapidly, with the output displayed 
numerically for direct reading or in electrical form for control, re
cording or storage. Since the electrodes can take any shape, or be made 
of any conductive material (even, perhaps, a part of your product) , 
the applications are without limit. 

Write for Data File 6150 for complete technical details on our Digital 
Capacitance Meter, and also provide us with a description of your 
measurement problem. 

Electro Instruments, Inc. 
8611 Balboa Avenue, San Diego 12, California 

specified the great progress of the past 
few years to which he refers. 

Seismograph Station 
Harvard University 
Harvard, Mass. 

Sirs: 

L. DON LEET 

E. Cuyler Hammond's article on the 
effects of smoking contained a great deal 
of information without, it seems to me, 
giving the numbers that would be most 
meaningful to a reader. The author indi
cates that smoking shortens life, but 
then he lists only relative death rates. A 
little computation using an actuarial 
table and his relative death rates would 
show that a smoker of two packs a day 
has, at age 30 or 40, a life expectancy 
of something like eight years less than a. 

nonsmoker; that if this smoker quits, he 
may recover around four of those years. 
The author might also estimate with 
somewhat less certainty that his statistics 
suggest that each cigarette smoked re
duces the life expectancy of the smoker 
by around five minutes. 

It is important that such computations 
based on the data be distinguished from 
the data itself, but I believe they clarify 
the meaning of his statistics sufficiently 
to be made and included. 

WAl.TER A. HARRISON 

General Electric Research Laboratory 
Schenectady, N.Y. 
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ANACONDA COMMENTS • • • 

new facts about copper- man's oldest metal a=..--======= 

NUMBER 7 OF A SERIES 

ANACONDA COPPER: KEY ELEMENT IN COMMUNICATIONS 
CABLE FOR LEADING MISSILE DEFENSE PROGRAM 

A complex communications cable, now in the making for an important 
missile defense GSE program, will be protected with a near-surface layer of 
corrugated Anaconda copper. This key element of the cable will shield 
strategic communications wiring from outside electrical and mechanical 
interference. Selecting a copper metal which met rigid strength and fabrica
tion requirements, yet delivered the extremely high conductivity also speci
fied, is a dramatic demonstration of Anaconda capability at work. 

GSE requirement 
Cable construction called for copper armor 
sheath of either soldered-joint dual 10-
mil-thickness construction, or welded-seam 
single 20-mil-thickness construction. In 
this application, the welded-seam design 
was unquestionably preferable. However, 
material requirements then became critical. 
Not all coppers could be seam welded suc
cessfully by inert-gas, tungsten-arc welding 
techniques-and still withstand the cor
rugating operation without developing gross 
porosity and fractures. 

Other limiting considerations were high 
conductivity: 96% lACS minimum re
quirement. And tensile strength: 35,000 
psi, minimum after corrugation. 

Anaconda solution 
Several copper products were likely con
tenders. One type of copper, from a new 
production facility, was available in poten
tially adequate supply; this product was 
competitively priced-but untried. 

The decision was made to try it, and to 
make refinements as they became neces
sary. Thus, Anaconda selected DLP (De
oxidized Low Phosphorus) Copper ... and 
embarked upon a crash program to evalu
ate weldability, conductivity, and other 
properties indigenous to the application. 

Anaconda American Brass Company 
cooperated closely with the copper refinery 
and the fabricators, Anaconda Wire & 
Cable Company and Simplex Wire & Cable 
Company, in the development of a DLP 
Copper strip that met all of the exacting 
specifications. The product is currently 
being supplied in 36oo-foot coils, by Ana
conda American Brass Company. 

This Anaconda development work en
ables all strategic installations involved 
to utilize GSE communication cables 
sheathed with welded-seam DLP Copper. 

ANACONDA METAL HOSE 
MEETS HARSH 

ELEVATED-TEMPERATURE 
EXTREMES 

Anaconda's Metal Hose Division has sup
plied core-tube assemblies for the heat 
exchanger system of the Hallam Nuclear 
Power facility, Hallam, Nebraska. The 
Hallam reactor, constructed by Atomics 
International, a division of North Ameri
can Aviation, Inc., for the Atomic Energy 
Commission, will provide nuclear-initiated 
power for public consumption. 

The heat exchanger system, built at the 
Griscom-Russell plant of Baldwin-Lima
Hamilton Corporation, consists of three 
evaporator and three superheater units 
-each of which, in turn, is comprised 
of a honeycomb bank of about 600 shroud 
and core tubes. Every shroud tube contains 
an Anaconda �" OD stainless steel 
vacuum-insulated core tube, which is a 
duplex concentric assembly. 

590°F Variation 
Essentially, the commercial atomic power 
reactor utilizes heat extracted from liquid 
sodium to produce steam for the final 
source of power. The liquid sodium passes 
through the inside of the core tube, picks 
up nuclear-generated heat, and returns 
over the corrugated outside of the tube 
at a much higher temperature. To com
pensate for unequal thermal expansion, 
Anaconda produced duplex core tube with 

a corrugated flexible outer section and a 
smooth inner section. The space between 
these inner and outer components is evacu
ated and leak tested during manufacture, 

and then filled with argon gas a�d sealed 
by Heliarc welding. 

Result: Excessive thermal stress is min
imized. The core tubes successfully with
stand temperature differential ranging from 
304 to 895°F. 

The Hallam project called for 37,000 
core tubes for its three generator units. 
This added up to 15 tons of thin wall 
stainless steel tubing in the rigid members, 
plus almost 2% miles of corrugated flexible 
metal hose. Requirements, as might be 
imagined, were exacting; virtually every 
inch of tube had to be proved leakproof. 
Completing the order is dramatic evidence 
of Anaconda ability to meet new industrial 
challenges. 

Baldwin·lima·Hamilton built evaporator bun· 
die being inserted in shell contains a honey· 
comb network of Anaconda core tube, built to 
withstand temperatures ranging from 304 
to 895°F. 

CALL ON ANACONDA 
Whether your requirements call for opti
mum metal performance in missile defense 
GSE and nuclear power plants ... or for 
conductivity, spring, machinability, or cor
rosion resistance, Anaconda is well pre
pared to serve you. 

A question about an Anaconda metal 
for your application? Write: Anaconda 
American Brass Company, Waterbury 20, 
Connecticut. In Canada: Anaconda Ameri
can Brass Ltd., New Toronto, Ontario. 

61-1967 

ANACONO/S. 
AMERICAN BRASS COMPANY 
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THE CREATORS 01= THIS FAMOUS NERVE CENTER 

Challenging career opportunities at General Dynamics/Electronics - San Diego. Above is the NASA Project Mercury Control Room created by General Dranmics/Electronics under 
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UNDERSTAND C:OMMAND AND C:ONTROL PROBLEMS 

contract to Bell Telephone Laboratories lor Western Electric Company. 

Two new communications 

tools, perfected by General 

Dynamics I Electronics re
search and experience, of-

fer marked advantages to 

a wide variety of users in 

the command and control 

systems field. They are the 

:3070 Communications 

Printer and the 1090 

Direct View Display. 

The :3070 Communications Printer operates at speeds 

from 400 to 5000 words per minute using standard computer 

or communications codes over telephone, telegraph and micro

wave links. The unit prints asynchronously utilizing an electro

static process to produce highly legible, permanent copy. It is 

compact, reliable and quiet enough to use in an office. 

The 1090 Direct View Display combines high speed, 

high resolution, compact dimensions, low cost and large 19-inch 

CHARACTRON@ Shaped Beam Tube capable of displaying 

1000 flicker-free characters simultaneously anywhere on the 

tube face. The unit is capable of tabular, situation or graphical 

presentations and is ideal for computer intervention, monitoring 

and retrieval jobs, laboratory, simulation, traffic control and 

surveillance work. If you 

would like more informa

tion about how these units 

can help you solve your 

c o m m a n d  a n d  c o n t r ol 

problems, write General 

Dynamics  I Electronics, 

Dept. C-67, P. O. Box 127, 

San Diego 12, California. 

GIIIIIIJID 
GENERAL DYNAMICS I ELECTRONICS 

SAN DIEGO 
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this computer withstands space age punishment 

, , . one reason is its IGC memory. Magloc I, a compact, rugged computer developed by Sperry Gyroscope, is 
designed to meet the rigors of both present and future space shots - from lunar probes to interplanetary space 
missions. To meet extreme reliability and maintenance standards, Magloc I utilizes Indiana General memory, 
switching and multi-aperture ferrite cores for logic, drive and memory circuits. Life expectancy of the ferrites 
is 1,000 times that of the components they replace and the ferrites are up to 100,000 times more resistant to radia
tion damage. In some circuits, a single IGC ferrite replaces as many as 24 semiconductor elements. And, the 
ferrites have exceptionally low power needs . •  Memory systems are our business. If you are planning or already 
are underway on a program requiring a memory system, take advantage of our knowledge and experience in 
this specialized field. We can save you development time and costs. Call or write for facilities brochure to Indiana 
General Corporation, Electronics Division, Keasbey, New Jersey. 

24 

INDIANA GENERALriiJ 
M.EMORY 
SYSTEMS 

FERRITES MINIATURE 
MOTORS 

• 
PERMANENT 

MAGNETS 
MAGNETIC 

EQUIPMENT 
303 
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Varian Subsidiaries: BOMAC LABORATORIES, INC • •  S-F-D LABORATORIES, INC • •  SEMICON ASSOCIATES, INC. 
VARIAN ASSOCIATES OF CANADA, LTD • •  S EMICON OF CALIFOR NIA, INC • •  VARIAN A. G. (SWITZERLAND) 
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L ABORATORY IN SPACE 

important key to this country's space program. In their study of materials, 

at Lockheed Missiles & Space Company found the problem could be 

most graphically depicted by showin€l the various environmental factors impinging 

on a simple cube-shaped vehicle. A cube, placed in a noon polar circular orbit, 

would all ow unusual isolation of the effects of space on materials; make their 

measurement simpler and more accurate; and offer a built-in control of the results. 

, For e xa m ple : The horizontal surface facing away from the earth would receive 

only direct solar insolation, while that facing the earth would get mostly earth shine 

and earth-reflected solar radiation. This hypothetical model lucidly illustrates 

the effects of such phenomena as: Solar irradiation, sputtering, micro-meteoritic 

erosion, solar corpuscular radiation, auroral radiation and the like. 

Guided by engineers and scientists of outstanding calibre, Lockheed Missiles & 

Space Company has won its place in the forefront of many disciplines in missile 

and space technology. And such progress constantly creates key positions for 

others of proven ability. Lockheed's location in Sunnyvale and Palo Alto on the 

beautiful Sa'n Francisco Peninsula is ideal. So is the climate-physical and mental. 

If you are interested in correlating your specialty to one of Lockheed's many 

challenging assignments, please write to: Research & Development Staff, 

Dept. M-37 G 599 North Mathilda Avenue, Sunnyvale, California. 

An equal opportunity employer. 

LOCKHEED MISSILES & SPACE COMPANY 

A GROUP DIVISION OF' LOCKHEED AIRCRAFT CO�PORAT/ON 

Systems Manager for the Navy POLARIS FBM and the AGENA vehicle in various Air Force Satellite 
programs. Other cur rent projects include such NASA programs as the OGO. ECHO. and NIMBUS. 

SUNNYVALE. PALO ALTO; VAN NUVS. SANTA CRUZ SANTA MI\RIA. CALIFORNIA . CAPE CANAVERAL. FLORiDA " HAWAII 
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FIRST, CATCH YOUR TEMPERATURE 

BIOLOGICAL 

resistance 
thermometers, 
thermistor probe 

ENVIRONMENTAL 

filled thermal 
systems, resist-

CRYOGENIC 

There's an ol� recipe for rabbit 

stew that begins: "First, catch 
your rabbit." The saIne could 

be said of extreInely low, high 
and very precise teInperature 

inputs for data reduction and 
data handling systeIns. Here, 

too, acquiring the proper raw 
Inaterials for processing is of 

fundaInental iInportance. And 
in this latter instance, wouldn't 
it save a lot of work, worry and 
wherewithal if the saIne people 
who helped you bag your gaIne 
in the first place also helped you 
cook it to a turn? Here's what 
we Inean . _ 

ALL THE WAY FROM 10K. 
Honeywell has developed stand
ard sensors in hundreds of types, 
sizes and calibration ranges for 
:measuring fro:m the very bottoIll. 
of the ther:mal scale to 7000°F, 
which is well beyond the com
bustion range of :most rocket 
propellants. Even as you read 
this, Honeywell researchers are 
working to extend the Ill.easure
:men t of te:m perature wi th stand
ard sensors nearer and nearer 
to absolute zero at one end of 
the scale, and into the plas:ma 
range at the other. 

AND IF YOU CAN'T FIND IT 
IN STOCK, we'll probably be 
able to :make a super-sensor for 
you. If your project involves 
taking teIll.perature under the 
Inost de:manding conditions, ex
treIll.ely close Ill.easureIll.ent over 
a very short span, or Ill.eeting 
highly exotic research require
Ill.ents, we'll custoIll.-tailor a 
sensing ele:ment to order, and 
give you our word it will work. 
SOIll.e of these super-sensors are 
taking profile teIll.peratures of 
aircraft engine exhausts; some, 
capable of withstanding the 
shock of ninety tiIll.es gravity, 
are reporting rocket engine te:m -
peratures; others are :measuring 
atomic reactor te:mperatures up 
to 4000°F with a sensing element 
30" long and 0.035" in diameter. 

ONLY THE BEGINNING. You 
:might think that Honeywell 
would be content with the crea
tion of standard and special 

temperature sensors for every 
conceivable area of scientific in
vestigation. Far from it. For 
Honeywell supplies everything 
in the data processing chain. 
This includes every kind of sens
ing device or transducer for accu
rately measuring variable in
puts, and this material is then 
passed on to Honeywell graphic 
recorders, oscillographs, data 
loggers, magnetic tape equip
:ment, co:mputers, and other 
data handling syste:ms. This 
:makes it highly practical to 
think in ter:ms of an all-Honey
well syste:m, co:mplete fro:m sens
ing to readout. A:mong other 
things, this offers the unargu
able advantage of cOInpatibility: 
every ele:ment along the way 
com:municates in the sa:me lan
guage, with the requisite speed 
and accuracy. 

SOUND REASONS. There are 
:many sound reasons for having 
an all-Honeywell data syste:m. 
One of the :most cogent: Honey
well guarantees that the whole 
asse:mblage will work satisfac
torily, by taking full responsi
bility for the perfor:mance of 
each and every co:mponent :mak
ing up a syste:m. Still another: 
Honeywell's experienced :man
power resources, which assure 
on-time installation and readily 
available follow-up :maintenance 
service from any of 125 Honey
well service centers throughout 
the U. S. and Canada. 

So whether your data handling 
systeIn involves an environInen
tal test chaInber, or leisurely 
logging the teInperature of sea 
water four tiInes a day, you'll 
get usable results, faster and 
easier, if you'll put the whole 
assignInent in the hands of your 
local Honeywell field engineer. 
He can tell you Inany ways that 
Honeywell can save you tiIne, 
Inoney and headaches through
out the entire area of data 
gathering and handling. Or write 
Industrial Products Group, 

Minneapolis-Ho n e y w e ll,4412 
Wayne Avenue, Philadelphia 44, 
Pennsylvania. 

Honeywell 

[!I] Data, t-l� S'�� 
HONEYWELL INTERNATIONAL Sales and Service offices in principal cities of the world. Manufacturing in United States, United Kingdom, Canada, Netherlands, Germany, France, Japan. 
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" 

" 
... 

Noone has ever combined high resolution 
and long wear in a telemetry tape ... 

In Soundcraft's new HRM Telemetry Tape, outstanding short 
wavelength sensitivity and long wear are combined to give you 
flawless high data rate recording. Since long term wearability 
has been previously found only in heavy duty computer tapes, 
the achievement of this quality in HRM represents a major 
advance in the state of the art. In tests on conventional tele
metry transports, it has been run 600,000 times without evi-

dence of any signal deterioration. The specially developed "B" 
oxide coating operates through an extremely wide tempera
ture, humidity and speed range without head fouling or deposit 
build-up on transports. Equals or exceeds requirements of 
MIL-T-21029-A for "B" oxide. Exclusive use of DuPont's 
polyester "Mylar" base contributes to strength and reliability. 
Complete data on request. REEVES SOUNDCRAFT CORP. 

Main Office: Great Pasture Rd., Danbury, Conn . •  New York: 10 E. 52nd Sl. • Chicago: 28 E. Jackson Blvd • •  Los Angeles: 342 N. LaB rea • Canadian Reps: Toronto. Vancouver 
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Far ahead in schedule 
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frequency . • .  United's big jet fleet 

United's big, fast jet fleet ... the largest, 

most complete in the world ... offers you 

more jet service to more U.S. marketing, 

manufacturing, and vacation centers than 

any other airline. 

And this leadership in jet schedule 

frequency applies to both passenger 

travel and air freight! 

As a passenger, you'll appreciate the 

frequency and convenience of United's 

schedules. United's baggage handling 

facilities speed you through check-in. 

As a shipper, you'll particularly like 

United's dependability, so capably dem

onstrated with air mail and air express

no other airline flies as much of either. 

And you'll appreciate the Extra Care 

United takes to speed your freight through 

highly mechanized air terminals to the 

plane. A typical United service permits 

you to reserve space for your cargo on 

any United flight. 

There are many more good reasons to 

call United first. Your local United sales 

office can give you the details. Call soon. 

CALL UNITED FOR: PERSONAL BUSINESS TRAVEL 

GROUP TRAVEL • VACATION TRAVEL • TRAVEL 

INCENTIVES • TICKETING SERVICES • CONVENTION 

SERVICES AIR FREIGHT PASSENGER 

RESERVED AIR FREIGHT • RESERVED AIR FREIGHT 

UNITED 
® 

. WORLD'S LARGEST JET FLEET / THE EXTRA CARE AIRLINE 
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LABORATORY LASER/$995 
Now: A low-priced precision source of coherent pulsed 

light, complete with power supply, designed to accom

modate a wide range of accessories for advanced 

research. The elliptical optical cavity gives high pump

ing efficiency, and is demountable for easy access to 

the Xenon lamp and LASER crystal holder. Standard 

accessories-a cryogenic cooling dewar, Fabry-Perot 

interferometer, optical bench mount, rubies with 

highly efficient mUlti-layer end reflectors-greatly 

extend experimental research capabilities. 

INTERFERENCE ALTERS 

WAVELENGTH REJECTION FROM 
X-BAND TO X-RAY 

VISIBLE SPECTRUM SET lOA-Ten MONOPASS 
filters to isolate principal lines as K, Ca, Hg, etc. Four 
neutral density filters and a linear spectral "wedge" 
filter. 
VISIBLE SPECTRUM SET 12A-Ten MONOPASS 
filters uniformly spaced from 400 millimicrons to 700 
millimicrons . Price, $325.00. 
INFRAREDSET15A-Ten MONOPASS filters spaced 
at every 0.1 micron between 0.8 micron and 1.75 
microns. Price, $450.00. 
INFRARED SET 20A-Ten interference filters spaced 
at every 0.1 micron between 1.75 microns and 2.75 
microns. Price, $450.00. 
RUBY LASER SET 50A-Seven all dielectric mirrors 
and beam-splitters at several values of attenuation, 
designed to withstand high LASER powers without 
deterioration, plus MONOPASS Filter at 695 milli
micron ruby wavelength. Price, $350.00. For addi
tional information, please write or call 

OPTICS I!I 
TECHNOLOGY, W-
INC 248 Harbor Boulevard 

Belmont, California 

LYtell 1-0358 (Area Code 415) 
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50 AND tOO 
YEARS AGO 

MERICAN 

SEPTEMBER, 1912: "Replying to a 
communication from the Secretary of the 
Board of Harbor Commissioners in Los 
Angeles, Col. Goethals states that every 
effort is being made to complete the ex
cavation and the work on the locks of 
the Panama Canal by June 30, 1913. He 
expects to see the level of Gatun Lake 
at 85 feet sometime in September, 1913. 
If this be accomplished and the first boat 
be successfully put through the canal, 
announcement will be made that it is 
in condition to pass shipping. This, the 
Colonel says, will allow of a year's try
out before the formal opening." 

"Baron Nordenskjold's classic feat of 
sailing completely around the northern 
coasts of Europe and Asia, accomplished 
in 1878-79, is likely to be repeated in 
the near future. The Russian ice-break
ers Taimyr and Waigatsch, now engaged 
in a surveying expedition along the 
coasts of Kamchatka and arctic Siberia, 
may possibly continue westward all the 
way to Archangel, via the Arctic Ocean. 
A much more elaborate expedition, how
ever, is being organized in Germany by 
Lieut. Schroder-Stranz, who proposes 
not only to make the Northeast Passage 
but also to spend three or four years in 
the journey, carrying out extensive sci
entific researches en route." 

"The United States leads the world in 
total number of telephones by a wide 
margin. There are in the United States 
67.4 per cent of all the telephones, and 
only 26.3 per cent in Europe. As against 
our seven and a half million telephones, 
the German Empire has but little over 
one million, whereas Great Britain comes 
next with 649,000 and France third with 
232,700. There are in New York City 
alone more telephones than can be 
found in Belgium, Norway, Denmark, 
Hungary, Italy and the Netherlands 
combined. Chicago alone has more tele
phones than France, and Boston has 
more than Austria." 

"The automobile industry, says Elec
tricity (London), is showing a tendency 

to supersede nickel-plating by silver
plating for the bright parts of motor 
vehicles. Nickel-plating, notwithstand
ing its hardness, has the disadvantage 
that when exposed to the weather it be
comes coated with a film of oxide hard 
to remove. Silver has a whiter color and 
is capable of a richer and finer polish. 
The surface does not peel or corrode and 
when tarnished is far more easily pol
ished." 

"Spitsbergen stands in wireless com
munication with the mainland of Europe 
through the stations of Greenharbor, 
near Hammerfest. We read in Cosmos 
that considerable trouble has been ex
perienced through the interference of 
the aurora borealis, which at times al
most totally obliterates the signals." 

SEPTEMBER, 1862: "Elias Howe, 
Jr., the well-known inventor of the sew
ing machine, has not only given thou
sands of dollars to the Union cause but 
has also jOined the 17th Connecticut 
Regiment as a private, and with gun in 
hand and knapsack on his back is now 
serving his country in the defense of 
Baltimore." 

"Since the experiments of Mr. Joule 
in obtaining a mechanical equivalent 
for a unit of heat, by proving that the 
temperature of a pound of water will be 
raised by 10 by the same quantity of 
power that will raise a weight of one 
pound 772 feet high, the theory that heat 
is a condition of matter and not a sub
stance is more generally admitted than 
formerly. But the popular idea of a ma
terial heat is one from which it is very 
difficult to disembarrass the mind. But 
as the mind becomes familiar with the 
idea of heat as a sensation, the various 
changes of matter daily occurring in 
nature can all be satisfactorily viewed 
without recurring to the notion that any 
invisible substance is entering or leaving 
the particles." 

"The works of A. Krupp, at Essen, 
Prussia, have obtained a world-wide 
celebrity for the production of the most 
massive and perfect steel castings. 
Krupp's display in the London Exhibi
tion has astonished and puzzled the 
English workers in steel. The London 
Engineer states that Krupp's apparatus 
for making steel is the most gigantic in 
the world. He has a steam hammer that 
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Telephone craftsman uses special pneumatic tool to flatten connector onto insulated wires. 
Metal tangs pierce insulation and produce a splice that is equivalent to a soldered joint. 

Along the cable routes of the Bell System, wires 

are spliced at a rate of 250,000,000 a year. Conven

tionally, connections are made by "skinning" the 

insulation, twisting the bare wires together, and 

slipping on an insulating sleeve. Now, with a new 

connector initiated at Bell Telephone Laboratories, 

(diagram at lower right) splices can be made faster, 

yet are even more reliable. 

The craftsman slips the two wire ends-with in

sulation intact-into the connector, then flattens the 

connector with a pneumatic tool. Springy phosphor 

bronze tangs inside the connector bite through the 

insulation to contact the copper wire. The stable, 

low-resistance splice established is maintained for 

many years, even under conditions of high humidity, 

corrosive atmospheres and vibration. 

Ultrasensitive measuring techniques devised by 

our engineers demonstrate that the new connector 

provides the equivalent of a soldered connection, 

even with voltages as low as 25 millionths of a volt. 

Working with our manufacturing partners at 

Western Electric, our engineers developed this con

nector into a design capable of being mass-produced 

at low cost. It is being introduced in the Bell System. 

NEW WIRE CONNECTOR HAS THREE PARTS: 

inner tanged liner 

BELL TELEPHONE LABORATORIES 
World center of communications research and development 
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In New Jersey you can look at New York, look at Phila
delphia, and easily sell both markets. Ben Franklin said it: 
"N ew Jersey is like a barrel tapped at both ends". He was 
referring to New York being on one side of the State and 
Philadelphia on the other. This unique and profitable 
location in the middle of the world's richest market has led 
to 66 of the nation's 75 largest companies having opera
tions here. Its deepwater ports, beautiful highways, over 
600 research laboratories-even its wealth 
of colleges, suburban communities, the 
seashore-make New Jersey an ideal lo
cation for industry. Take the time to 
learn more about New Jersey and you'll 
discover why industry succeeds here. 

r------[fti/Xl § § Public Service Electric ����tJ:" 
I and Gas Company, Box ASA, 

BOOKLET 80 Park Place, Newark 1, N. J. 

I PleRse send my copy of "NEW JERSEY-LAND OF 
The newly revised 32· AlIlAZING INDUSTRIAL ADVANTAGES" 

page illustrated book· I 
let, "New Jersey, Land Name .............. . 

of Amazing Industrial I Address. 
Advantages," is off the 

........... . 
press. Get your free I City. .. . ............ State. .. . . .. .. I 
copy simply by return· 
ing the coupon. LSEND THIS COUPON TODA Y.J 

----------

PUBLIC SERVICE ELECTRIC AND GAS COMPANY 
TAXPA YING SERVANT OF A GREAT STA TE 

34 

weighs 50 tuns and an anvil that weighs 
192 tuns, resting on eight blocks of cast 
iron, each weighing 135 tuns." 

"Several miles of the underground 
railway under the streets of London are 
completed, a locomotive is on the track, 
and the whole will be opened to the 
public on the 1st of October next. The 
London Times states that the under
ground locomotive used condenses its 
steam and emits no smoke. The passen
ger carriages are lighted with gas, the 
tunnel is also lighted with gas and is 
well ventilated and dry. The intention is 
to run trains every ten minutes during 
the day, and the fares are to be lower 
than those of omnibuses for the same 
distance. In second-class carriages the 
fares are to be four cents for about four 
miles, and one train morning and eve
ning is to run for two-cent fares." 

"The Great Eastern arrived at her 
destination near Harlem in Long Island 
Sound on the 27th ult., with about 
1,400 passengers and a general cargo. 
'Alhen passing :'-Iontauk Point she 
struck a sharp sunken rock, which 
opened a leak through which the water 
entered so fast that the pumps were un
able to keep it down. Since the ship is 
divided into several water-tight com
partmentsby bulk heads, only one has 
been filled by the leak. Her bottom has 

been examined and will be repaired be
fore she proceeds on her return voyage. 
The damage is but slight and none of 
the goods were injured." 

"A new development in the history of 
iron-clad ships has been made, for 
which the country is indebted to the 
genius of Com. Porter, the gallant de
stroyer of the once formidable rebel ram 
Arkansas. Unable to adopt for service 
in the vVestern rivers the heavy plating 
used on the Monitor and the Ironsides, 
Com. Porter conceived the idea of con
structing the Essex in such a manner 
that most of the shot would be received 
at an angle and be compelled to glance 
off by an elastic backing to the plates. 
By careful experiments on targets he 
found that bv using a peculiarly pre
pared lining of India rubber between the 
iron plates and the wooden backing, an 
iron armor only one inch thick would not 
be affected by a shot that would pene
trate five inches of solid iron. The im
mense saving of weight and of expense 
effected by this important discoverv 
will at once be appreciated. Indeed, it 
is the only method by which the use of 
iron-clad gun boats on our \;\,1 estern 
rivers is practicable." 
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The story of the indomitable 
spark plug and a 
World War I airplane engine 
called Liberty. 

Before 1'916 (and as early as 1860), 
spark plug insulators were made of 
porcelain, glass, mica and even 
forms of pottery. 

These materials worked fine in 
low-compression engines. But not 
in the 12-cylinder, 420-horsepower 
Liberty Motor. 

It created an immediate demand 
for insulator materials with better 
resistance to heat shock breakage. 

Luckily, an insulator of clay, flint 
ana feldspar satisfied the urgent 
needs of the old Liberty engine. Yet 
at best, it was a stopgap solution. 

After World War I, other combi
nations were tried. 

There was little progress. 
(In a typical example, an insulator 

of fused quartz glass resisted heat 
but collapsed u nder mechanical 
shock.) • 

In 1930, the situation became 
critical. 

Automobile engines were better. 
So were fuels. 
They boosted req u i rements for 

spark plug insulators even higher. 
Suddenly in 1932, word came that 

a German electrical firm had de· 
veloped and marketed an ajumina 
insulator. 

Two years later limited numbers 
were used in the U.S.A. with good 
results. 

But there was a 'hitch. 
The German process didn't fit the 

mass production methods of this 
country's automobile industry. 

And there was something else. 
The threat of another war. 
In the anxious months that fol

lowed, ceramic engineers buckled 
down with Alcoa® Tabular A4umina 
to work the bugs ou� of insulator 
production methods. 

Meanwhile, the aircraft industry 
was struggling along with a mica
insulated plug. 

Ever since World War I, strong 
feelings had persisted that mica 
was the best material for the job. 

But that theory was shattered at 
Wright Field in 1940. 

Advanced engine flight tests proved 
that temperatures attained by an 
insulator fip under take-off power 
were too high for mica. 

Right then and there, our defense 
program could have been seriously 
crippled. 

Except for one thing. 
Ceramic engineers never gave up 

on the alumina spark plug insulator 
and it was ready when we needed 
it most. 

The war years found alumina insu
lators in light, medium and heavy 
bombers, fighter planes, tanks and 
in nonmilitary equipment such as 
trucks, buses and passenger cars. 

Of course, real progress came 
after the war. 

Today, alumina insulators are in 
sports cars that bolt from zero to 
100 mph in less than 15 seconds. 

They're in jet aircraft that travel on 
the other side of the sound barrier. 

They are in missile ignition sys
tems that lift powerful rockets into 
space and in all internal cqmbustion 
engines. 

Since 1933, Alcoa Aluminas hav� 
been used in the production of spark 
plugs. This is one of the reasons 
why a broken spark plug insulator 
is almost a thing of the past. 

Alcoa Aluminas are also used in 
nose cones, electronic parts, refrac
tories, cutti ng tools, bea ri ngs-even 
gyroscopes. 

Write for our booklet, Ceramics
Unlimited Horizons. 1t might spark 
an idea foryour next ceramic project. 

Aluminum Company 9f America, 
Chemicals Division, 965·J Alcoa 
Building, Pittsburgh 19, Pa. 

Entertainment at Its Best ... ALCOA PREMIERE 
Presented by Fred Astaire ... Tuesday Evenings, ABC·TV 

ALCOA CHEMICALS 
ALUMINUM COMPANY OF AMERICA 

© 1962 SCIENTIFIC AMERICAN, INC



36 

Motorola Integrated Circuit Electronics ... 
Types of circuits available; Advantages and disadvantages of hybrid types 
and functional electronic blocks; The approach to custom-designed circuits 

In recent months a dramatic change 
has occurred in the electronics field. 

The widely discussed era of inte
grated circuits electronics has graduated 
from an engineering vision to practical 
reality. And the next few years will find 
integrated circuits progressing from de
signers' drawing boards to production 
lines in electronic equipment ranging 
from space gear to consumer products. 

The total impact of this new technol
ogy on the industry, and the magnitude 
of the envisioned progress is still a mat
ter of widespread conjecture. Though 
by this time many facts have been sub
stantiated, there is still considerable 
confusion and misconception as to what 
can and what cannot be done with inte
grated circuits at this time. 

You may have heard, for example, 
that integrated circuits will greatly re
duce equipment size and weight. 

This is certainly true. In fact, size and 
weight reduction is the most dramatic 
advantage. What the transistor has done 
to vacuum-tube equipment of a decade 
ago, integrated circuits will ultimately 
do to present equipment. Thus, the erst
while rack of complex equipment which 
the transistor reduced to single-drawer 
size, can be further cut to "match-box" 
proportions. 

You've heard, too, that integrated cir
cuits will improve equipment reliability. 

And this should be true. 
Though reliability is difficult to prove 

in integrated circuits, since interwoven 
components cannot be individually 
tested to their maximum ratings, none of 
the manufacturing processes by which 
integrated circuits are made (diffusion, 
epitaxial growth, alloying, etc.) is new. 
Through the exclusive use of these 
transistor-proven techniques, complete 
integrated circuits are expected to have 
the same order of reliability as other time 

and field tested semiconductor devices. 
You may also have heard that inte

grated circuits will slash the cost of elec
tronic equipment. 

This, unquestionably, is one of the 
most compelling reasons for circuit inte
gration - but it bears qualification. 

Integrated circuits by the thousands 
are fabricated simultaneously. A single 
paper-thin wafer of semiconductor ma
terial contains hundreds of identical cir
cuits, and dozens of wafers are processed 
simultaneously. The basic material cost 
of an integrated circuit is little greater 
than that of a transistor and, with rea
sonable yields, the cost of the circuit ap
proaches that of the device. In addition, 
the assembly time of integrated circuit 
equipment will be but a fraction of that 
required for circuit wiring. 

But the design and production of a 
functional electronic block circuit (those 
in which all component parts are fabri
cated on or within a single tiny block 
of semiconductor material) are as yet 
costly operations unless your require
ments permit large scale use of identical 
circuits. The great cost-reducing fea
tures of such circuits become apparent 
only when quantity requirements are so 
large that distributed design costs do 
not add appreciably to the price of each 
unit. On the other hand, hybrid (multi
ple chip) integrated circuits can be built 
now at a fraction of the cost of functional 
electronic blocks in small quantities. 

If you are in the equipment manu
facturing field you may have the impres
sion that integrated circuits will permit 
a reduction of your engineering staff. 

This is probably not the case unless 
your equipment can be built entirely 
from a limited number of "stock" cir
cuits. You will need a staff of specialists 
capable of correlating conventional cir
cuit design with the unique require-

ments of integrated circuit technology. 
Motorola can provide design assistance, 
but retention of specific features of each 
manufacturer's equipment demands an 
in-house engineering effort. 

Finally, you may have heard that in
tegrated circuits limit equipment design 
flexibility due to the relatively small 
number of circuits currently available. 

Nothing is further from the truth. 
Today, the integrated circuit capabil

ity of Motorola's Semiconductor Prod
ucts Division has been developed to the 
point where working samples of a broad 
range of custom-designed circuits are 
being delivered in less than six weeks 
after receipt of an order. Right now, 
much the same design flexibility obtain
able with transistors can be achieved 
with integrated circuits. 

Types of Integrated Circuits 
Today's integrated circuit technology 

involves basically two fundamental proc
esses - a thin-film process, by means of 
which passive electronic components 
(resistors, capacitors, etc.) are deposited 
as material layers on a passive substrate, 
and a semiconductor device technology 
where both active and passive elements 
are formed on or within a tiny block of 
semiconductor material (silicon). 

The semiconductor device technology 
utilizes multiple masked diffusion, sur
face layer passivation and patterned 
metal film alloying to make active and 
passive elements, all properly intercon
nected and isolated, in a single block. 
The ranges of component values are 
somewhat more restricted than in stand
ard circuits and useful values of some 
functions (i.e. inductance) are difficult 
to obtain. Parasitics differ from those of 
conventionally wired circuits. 

The thin-film technology utilizes mul
tiple evaporation, sputtering, or vapor 

Comparison of 50 me amplifier breadboard using conventional 
components with equivalent integrated circuit (in center) dra
matically illustrates space savings. Potential cost reduction of 

integrated circuits is indicated by simultaneous fabrication of 
dozens of identical circuits on portion of wafer shown at right. 
Elimination of interconnecting wires enhances reliability. 

Actual 

Size 
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In custom design approach to integrated circuits, the equipment 
manufacturer's conventional wired prototype is converted into 
a multiple chip circuit (left) for evaluation. Necessary design 
changes can be made quickly and inexpensively at this stage. 

Final single block circuit (right) offers mass·production cost 
savings. Comparison of output waveforms of multiple-chip and 
single block integrated circuits used in an operating arithmetic 
unit shows that performance of both types is quite similar. 

decomposition to deposit (at the pres
ent time) the passive circuit components 
on an insulating (or dielectric) substrate. 
Active elements must be attached sepa
rately to their film circuits and, while 
the range of values of some components 
is greater than obtainable through semi
conductor technology, such circuits re
quire more material types and processes, 
and are often larger in size. 

Motorola, through extensive research 
in both integrated circuit fields, has suc
cessfully developed a capability for com
b i n i n g  t h e  b e s t  f e a t u r e s  of b o t h  
techniques i n  yet another, or third, tech
nology-compatible integrated circuits. 
Playing a vital part in this process is the 
epitaxial growth technique that has re
cently made an explosive impact in the 
semiconductor field. Through this com
bination Motorola has produced inte
grated circuits with increased versatility, 

greater functional scope, tighter compo
nent tolerances and higher speed. 

Custom Design Approach 
As a first step, the equipment engi

neer must evaluate the complete system 
and determine whether to "integrate" all 
or a portion of the equipment. His next 
step is to produce conventionally wired 
prototype circuits for performance eval
uation. Often parts values and other 
parameters must be changed to make 
the conventional design suitable for cir
cuit integration. Usually this involves 
consultation with Motorola engineers. 

Then comes the actual development 
of the integrated prototype. This can be 
started by the equipment manufacturer 
with special integrated components ob
tainable from the Motorola Semiconduc
tor Products Division. These parts, each 
one individually packaged, have all the 

Integrated circuit capability of Motorola's Semiconductor Products Division is illus
trated by practical circuits ranging from simple to complex, using multiple chip and 
single block techniques in both linear and digital electronics fields. 

electrical characteristics of the elements 
in the final circuit, but they can be con
ventionally wired for integrated circuit 
evaluation and final modifications. 

The next step, at Motorola, is to con
vert the equipment manufacturer's pro
totype into one or more hybrid integrated 
circuits in which parts identical to those 
of the prototype are bonded together on 
multi-lead headers. This becomes an in
terim circuit form which, in some in
stances, represents the final product. 

Hybrid circuits have many of the 
same characteristics as fully integrated, 
single-block devices (see photos above) . 
They have the additional advantages 
that production .changes can be easily 
made and that design modifications are 
relatively simple and inexpensive. More
over, they can be produced quickly at 
Motorola, since a great many integrated 
"components" are stocked for immedi
ate use. The hybrid circuit, therefore, 
has much to recommend it as an interim, 
and for small runs, as a final product. 

From the hybrid to the final single 
block circuit is a matter of developing 
the optimum pattern and the masks nec
essary for the various process steps. 
From a manufacturing standpoint, this 
is the most costly part of the entire op
eration. Still, it is entirely justified for 
equipments involving a large number of 
the same circuits. The reason - single
block circuits, after development, are 
the least expensive to make, and poten
tially the most reliable. With many in
dividual bonding operations eliminated, 
it is the single-block circuit that offers 
the greatest cost-saving potential. It does 
this, however, at the expense of flexibil
ity since such units cannot be modified 
during production without starting back 
at the beginning of the manufacturing 
operation. 

The era of integrated circuits has ar
rived. They are practical and they are 
available, even though the future, un
questionably, will bring many improve
ments to this infant technology. 

I
MIMOTOROLA 

Sern/conducf:or Producf:. Inc. 

A SUBSIOIARY OF MOTOROLA. INC. 2047 
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HOWTO LIST'EN TO 160,000 SPACE MESSAGES-INSTANTANEOUSLY! 
A satellite in orbit has a lot to teU. It sees the birth of a 
hurricane. feels the bombardment of radiation, peen into 
new space highways. Then it hurls this information to 
earth in the form of millions of electrical impulses. A 
Beckman system gathen and translates them to a common 

language, is capable of delivering 160,000 messages every 
second-without missing a one. 

With a similar Beckman system you can check a prototype 
aircraft through its wind tunnel tests-improve on design 
long before actual ftight. Or run continuous checks on a 

petroleum refinery-assure the quality of industrial output 
and the safety of workers. Other BeCkman instruments 
analyze the mystic potions of a jungle witch doctor. balance 
the color in television receivers, and monitor the air in 
nuclear submarines. Beckman instruments. systems, and 
components are at work throughout the world in labora· 
tories. production lines, and defense installations. 

Remarkable what you-and a Beckman system can do. 

If you have a problemJn analysis. measurement. or control. 
write to our Director of Marketing. 

INSTRUMENTS, INC. 
Fullerton, California 
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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; scintillators; 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 will 
.
provide importan� data 

relatlve to solar cosmlC 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 evident until ten DO U G LAS or twenty years in the future. . 
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What's new at RCA 
is news in EDP 

RCA's COBOL* HALVES 
EDP GET-READY TIME AT 
SPACE TECHNOLOGY LABS 

Space Technology Laboratories goes from standing 
start to full EDP production in only 4% months! 

RCA's COBOL has accomplished a phenomenal record 
for this giant aerospace researcher-producing 140 
computer programs in half the usual time. Despite a 
200 percent increase in computer workload! Despite 
many system changes! Despite entirely new areas 
of work assigned to the computer! Work force? Ten 
programmers, only one of whom had any previous 
computer experience. 

Significantly, ST L recovered the expense of initial 

installation (a one-time cost) in only four months. 

Savings in the first year will be substantial. 

Elsewhere RCA's COBOL has also set dramatic 
records. More than 40 other users are training and 
programming with greater speed and ease than 
they believed possible. 

To sum up-RCA's COBOL has sharply reduced the 
difficulties and expense in switching to electronic data 
processing ... shaved valuable time off training pro
grams and programming effort to get customers into 
full EDP production faster. 

COBOL compilers are now available for the low-cost 
RCA 301 and medium sized 501 ®. Write RCA Electronic 
Data Processing, Cherry Hill, Camden 8, New Jersey. 

*COBOL-COmmon �usiness Qriented !:.anguage-is anew tool for expressing 
business EDP problems in plain English, enabling a computer to generate 
its own programs from the English Language input. 

• w. 
The Most Trusted Name 
in Electronics 
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Every year we win the Masters 
Yes, and the Ph. D.'s, too! More graduate degrees are awarded annu- FACTS BEHIND THE BOOM IN NEW YORK STATE 
ally in New York State than anywhere else in the nation. 170 colleges Fiscal integrity in government, based on pay-as-you-go. 
and universities help make New York the research center of the world. 

Stable tax structure facilitates planning. 
Over 1,100 industrial and research laboratories-and more on the 
way. This is a state where scientists like to live and work-and study. New financing plan to help new industry and expansion. 

This is one reason why it is now the nation's most popular plant site- Unmatched road, rail, water and air transportation. 

over 800 new or expanded plants last year alone. Interested in joining Nation's greatest concentration of highly skilled labor. 

them? • For a tailor·made, confidential report-without cost or obli- Research center of the nation. 

gation- on plant sites that meet your needs, mail your requirements 
Nation's largest market and largest export center. 

on your letterhead to Commissioner Keith S. McHugh, State Dept. 
of Commerce, Room 381 D, 112 State Street, Albany 7, N. Y. Unexcelled cultural and recreational facilities. 

JOIN THE BOOM IN NEW YORK STATEA 
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In Space Technology . . .  LOOK TO PARSONS for Performance 
Parsons has substantially aided ... and will continue to aid ... the United States in its military use and 

peaceful exploration of space. The design and field engineering, or construction of rocket fuel plants, 

static test stands, launch facilities, tracking complexes, ground and airborne electronics, in addition to 

feasibility studies for permanent lunar facilities to support men and equipment for indefinite periods, 

demonstrate the diversified capabilities of The Ralph M. Parsons Company. 

The conquest of space will be achieved by industry and government working as a team. And teamwork, 

plus resources, plus services from Parsons all add up to total capability, single source responsibility. 

THE RALPH M. PARSONS COMPANY 

ENGINEERS· CONSTRUCTORS 
LOS ANGELES I NEW YORK 

LONDON 
PARIS 
WASHINGTON 

OFFICES IN 
OTHER 
PRINCIPAL CITIES J 
THROUGHOUT 
THE WORLO 

WORLD WIDE SERVICES: ARCHITECT-ENGINEERING • CONSTRUCTION • ELECTRONIC SYSTEMS AND COMPONENTS • MINING 

AND METALLURGICAL ENGINEERING • PERSONNEL TRAINING • PETROLEUM-CHEMICAL ENGINEERING • PETROLEUM 
PRODUCTION SYSTEMS . fl-ANT OPERATION . POWER PLANT ENGINEERING . WATER DEVE LOPMENT AND SYSTE M S  
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Last night in Antarctica, nuclear power 

1 lit the bulb 

2 heated the room 

3 fried the eggs 

4 boiled the coffee 

5 kept the scientific instruments running 

6 burned the toast 

Antarctica's first nuclear power plant is now operating. It 
supplies all the electricity for the 1000 men stationed at 
the Navy's McMurdo Sound Research Base. 

The heart of the plant is an extraordinary metal cylinder 
that helps turn nuclear energy into electricity. The cylinder 
is only 3 feet high and 2 feet in diameter, yet it does the job 
of millions of gallons of ordinary fuel oil. It delivers 1500 
kilowatts and has to be replaced only once every 2-3 years. 

Because nuclear energy packs great power in little space, 
it's extremely useful when you need electricity in remote 
spots. It's portable and gives you power that lasts for years. 

Take outer space. Right now a tiny nuclear generator is 
spinning around the earth aboard the Navy Transit Satellite 
System. It runs many of the instruments, can keep them 
running for at least 10 years. 

Near both poles of the earth, small atomic generators are 
being used to power unmanned weather stations. 

In Sundance, Wyoming, a nuclear reactor powers a new 
Air Force radar station. On the Atlantic Coast, the Coast 
Guard now has its first atomic buoy. On the floor of the 
Atlantic, a sound beacon for navigation will be atomically 
powered. Soon a floating nuclear power plant will enable 
the Army to bring electricity to distressed coastal areas. 

Each of these installations was designed and built by the 
nuclear division of Martin Marietta. Each utilizes portable 
nuclear power, a form of power that is becoming recognized 
as one of the most practical known. Portable nuclear power 
units can carry us to outer space. And some day they may 
be used for simpler things like frying your eggs. 

NlARTIIVe,. 
MARIETTA W 
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THE AUTHORS 

A. P. CRARY ("The Antarctic") is 
chief scientist of the U.S. Antarctic Re
search Program for the National Science 
Foundation. Crary, who holds B.S. and 
Ph.D. degrees from St. Lawrence Uni
versity and an M.S. degree from Lehigh 
University, worked as an oil prospector 
for private companies from 1935 to 
1946, a period that included a year as 
project scientist at the Woods Hole 
Oceanographic Institution in 1942. From 
1946 to 1960 Crary was project scientist 
at the Air Force Cambridge Research 
Center. In 1956 the National Academy 
of Sciences appointed him deputy chief 
scientist of the Antarctic program of the 
U.S. National Committee for the Inter
national Geophysical Year. Crary took 
his present post with the National Sci
ence Foundation in 1958. In 1952 Crary 
was landed on the ice at the North Pole 
to make geophysical measurements. In 
1960 he went on an overland traverse 
from McMurdo Sound to the South Pole. 
Thus he is one of the very few men to 
stand at both the North and South poles. 

SIR CHARLES WRIGHT ("The 
Antarctic and the Upper Atmosphere") 
is a physicist who has retired three 
times since 1947 and is currently en
gaged in research on geomagnetic fluc
tuations under contract to the Canadian 
Defence Research Board. Wright took 
B.A. and M.A. degrees at both the Uni
versity of Toronto and the University 
of Cambridge before he joined the Brit
ish Antarctic Expedition of 1910-1913 

under Robert F. Scott. As glaciologist of 
the party he took part in all but the iII
fated final laps of the trip to the South 
Pole. He was a member of the search 
party that found Scott's last camp late in 
1913. During World War I, Wright de
veloped instruments and techniques for 
"trench wireless" communications that 
were later extended throughout the Brit
ish Army zone in France. Joining the 
British Admiralty's research department 
after the war, he served in turn as Acting 
Deputy Director, Superintendent of the 
Admiralty Research Laboratory, Direc
tor of Scientific Research and Chief of 
the Royal Navy Scientific Service. The 
Admiralty recalled him from retirement 
in 1948 for two years as scientific adviser 
to the British Joint Services Mission in 
Washington. From 1952 to 1955 he was 
temporary director of the Marine Physi
cal Laboratory of the Scripps Institution 
of Oceanography. Following another 

NEW JERSEY 
"cradle of 

industrial research" 

Many of the scientific developments 
that will shape tomorrow's world 
are germinating right now in New 
Jersey's more than 500 industrial 
research institutions. The smaller 
manufacturer who does not have 
his own research staff can easily 
find top-notch facilities and person
nel available close by to help work 
out his problems. 

Because of its great contributions 
in such fields as electricity, elec
tronics, chemistry, metallurgy and 
aviation, New Jersey has been 
called "the cradle of industrial re
search". Your executive and techni
cal people will find a stimulating 
environment here, and ample op
portunity for advanced study. 

Write for our 40-page, "New Jer
sey Industrial Guide". 

NEW dERSEY 
Bureau of Commerce, Section 951- N 

Department of Conservation 
and Economic Development 

520 Ea st State Street 
Trenton 25, New ..Jersey 

in the 
geographic 
center of 

the world's 
1'ichest 
market 
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bri' f retirement he took up his present 
work in 1956. 

MORTON J. RUBI N  ("The Antarc
tic and the Weather") is Chief of the 
Polar Meteorology Research Project of 
the U.S. Weather Bureau. A graduate 
of Pennsylvania State University, Rubin 
first joined the Weather Bureau as an 
observer in 1937. From 1942 to 1949 he 
was a meteorologist for Pan American
Grace Airways, first in Peru and then in 
Chile. In 1949 he went to the Massa
chusetts Institute of Technology as chief 
analyst of a joint Weather Bureau
M.LT. project in the analysis of weather 
maps of the Southern Hemisphere. 
When the Weather Bureau assumed full 
charge in 1952, Rubin became head of 
the project. M.I.T. awarded him an 
M.S. degree the same year. In 1955 

Rubin was designated Project Officer 
of the International Geophysical Year 
Antarctic Weather Central then being 
established at Little America. Rubin was 
for 15 months liaison meteorologist at 
Mirnyy, the Soviet station in Antarctica. 
Rubin went to his present job on his 
return from Mirnyy in 1959. 

V. G. KORT ("The Antarctic Ocean") 
is director of the Institute of Oceanology 
of the U.S.S.R. Academy of Sciences and 
professor of oceanology at Moscow State 
University. Born in Leningrad, Kort 
specialized in physical oceanography at 
Leningrad State University, where he 
received his degree in 1936. He acquired 
a doctoral degree in geography in 1952. 

During the International Geophysical 
Year he directed several oceanographic 
cruises aboard the research vessel Ob 
as part of the Soviet Marine Antarctic 
Expedition, which he discusses in his 
article. Kort has done research in the 
Baltic and Black seas as well as ·in the 
Arctic Ocean. Last year he directed an 
oceanographic cruise through the North 
Pacific Ocean aboard the Vityaz. 

GORDON de Q. ROBIN ("The Ice of 
the Antarctic") is director of the Scott 
Polar Research Institute at the Univer
sity of Cambridge. Robin was born and 
raised in Australia, where he received 
an M.S. in physics from the University 
of Melbourne before joining the Royal 
Australian Navy as an antisubmarine 
officer in 1942. At the end of the war 
(during which he had also seen service 
as a submarine officer with the Royal 
Navy) Robin became a research student 
in nuclear physics at Birmingham Uni
versity. An earlier interest in the Ant
arctic reasserted itself, however, and 
Robin joined the British Falkland Is-

Noteworthy Notes on Digital Measurement / Se:ond in a Series 

By TOM KURTZER 
Regional Manager 

Non-Linear Systems, Inc. 
Chicago, Illinois 

Increasing control efficiency through 
digital conversion and telemetering 
How The Peoples Natural Gas Company, 
Pittsburgh, provided its highly-skilled 
dispatchers with fast, accurate data to 
economically meet complex situations 
may be of interest wherever remote, 
multi-station measuring and data acquisi
tion are needed. 

Highlight of the Peoples system, in 
operation for more than a year, is digital 
telemetering between the dispatcher's 
office and the five remote stations. Analog 
measurements at the stations are con
verted to digital signals by four-digit 
digital voltmeters, manufactured by Non
Linear Systems, Inc. The data-acquisition, 
transmission and supervisory system was 
designed and built by the Westinghouse 
Electric Corporation. Measuring, record
ing, automatic controlling and alarm 
equipment was designed and built by The 
Bristol Company. 

Why did Peoples use digital rather 
than analog telemetering which is so 
common in the gas industry? The com
pany made its decision based upon these 
digital telemetering advantages: 
• A digital signal suffers no loss of ac

curacy in transmission. 
• In actual practice, it is difficult for a 

dispatcher to read an analog-type meter 
without close examination; thus hu
man errors are likely. However, data 

Heart of the system. Automatic data acquisi
tion and display gives true "fingertip" con
trol to dispatcher J. H. Philips, enabling 
him to distribute peak day-loads up to 750 
million cubic feet of gas to Peoples' 275,000 
customers. 

NLS V34A Digital Voltmeter. Five of these 
instruments are used in the Peoples system. 

in digital form, whether displayed vis
ually or printed, is completely non
ambiguous. 

• Indicators for each function automatic
ally retain their latest readings instead 
of reverting to zero. 

• With a digital code, it is possible to 
provide almost absolute security 
against false signals or issuance of com
mands to the wrong equipment. 
Here's how data is telemetered: 

1. Data from pressure, flow, and temper
ature transducers are simultaneously 
corrected and converted to millivolts 
by a servo-driven slidewire. 

2. This analog millivoltage is, in turn, 
converted to a digital form by an NLS 
V34A four-digit voltmeter. 

3. The digital signal from the digital volt
meter is converted to the 7-4-2-1 bi
nary code used in telemetering by 
Westinghouse relay equipment. 

4. The information is then transmitted 
serially over lowest-cost telephone cir
cuits in 5 bits, with the last bit used 
as a parity check. 
Every code transmitted must have the 

correct number of long and short bits and 
the correct total number of bits. If it 
doesn't, it will be detected as false by the 
receiving equipment and rejected. Once 
again, this is an advantage made possible 
by the use of digital-type telemetering. 

For more information on how digital 
voltmeters and other digital measuring 
instruments might be of assistance to you, 
please contact one of the 19 NLS factory 
offices or write to Non-Linear Systems, 
Inc., Del Mar, California. 

.1t� non-linear systems, inc. �W originator of tlw digital voltmeter 
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ACTUAL SIZE 

\ 

a phenomenon in the electronics craft, 
the Reed Relay, has magically solved 
m any of the problems that arise with 
every advance in computer, data 
processing and guidance systems de· 
velopment Some of the reasons:· sub· 
miniature profile, life expectancy 
exceeding 100,000,000 operations, less 
heat generation than switching diodes, 

3 millisecond operate time, and infinite 
resistance in the open contact stage. 
We'll supply the Reed Relay from stock 
in prototype quantities for printed cir· 
cuit, plug·in, taper tab or solder lug 
installation s . .  contact arrangements 

to SPOT, or packaged up to 1 2PDJ. 
Write for Bulletin # 450 or ask us to 
call. We'd appreciate the opportunity to 
show you our small wonder. 

LINE ELECTRIC CO. 
A Division of Industrial Timer Corporation 

261 River Street, Orange, N. J. • ORange 2·8200 
IN CANADA: Sperry Gyroscope Ottawa lid., Ottawa, Dnl. 

Industrial Relays, Foot Switches, Buzzers, Coils 
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lands Dependencies Survey, spending 
1947 as meteorologist and officer in 
charge of the South Orkneys Station. He 
was appointed lecturer in physics at Bir
mingham University on his return. In 
1956 he received a Ph.D. degree from 
Birmingham. He spent the following 
year at the Australian National Univer
sity, and in 1958 he returned to England 
to take his present job. 

G. P. WOOLLARD ("The Land of 
the Antarctic") is director of the Geo
physical and Polar Research Center of 
the University of Wisconsin. Woollard, 
who founded the Center in 1958, re
ceived B. S. and M.S. degrees from the 
Georgia Institute of Technology in 1932 

and 1934 respectively; he acquired 
A. M. and Ph.D. degrees at Princeton 
University in 1935 and 1937. After five 
years at the Woods Hole Oceanographic 
Institution, Woollard joined the faculty 
of Wisconsin in 1947. 

GEORGE A. DOU MANI and WIL
LIA M E. L ONG ("The Ancient Life of 
the Antarctic") are both research asso
ciates at the Institute of Polar Studies 
of Ohio State UniverSity. Doumani, who 
has had an Antarctic peak named after 
him, is a citizen of Lebanon and was 
graduated from Terra Sancta College in 
Jerusalem in 1947. He began working 
for the British Mandate Government 
that year, moved to Lebanon with the 
termination of the Mandate and in 1950 

joined the Arabian-American Oil Com
pany as a laboratory tester and petro
leum inspector. He went to the Univer
sity of California in 1953, where he 
acquired a B.A. in geological sciences 
and an M.A. in paleontology in 1956 

and 1957 respectively. Long, who was 
raised in California and spent much of 
his time in the Sierra Nevada, decided 
to pursue geology as the right combina
tion of education and "the less civilized 
out-of-doors activity." He took a B.S. at 
the University of Nevada in 1957 and 
an M.S. at Ohio State in 196]. Prior to 
his stint as a glaciologist at Byrd Station 
during the International Geophysical 
Year, Long had been an Air Force sur
vival instructor from 1951 to 1955, had 
worked for the California State Snow 
Survey during the winters and had ac
companied the California Himalayan 
Expedition to Makalu in 1954. He has 
spent the last two Antarctic summers as 
field leader of the Ohio State geological 
expeditions to the Ohio Range. 

R OBERT C USHMAN M URPHY 
("The Oceanic Life of the Antarctic") 

is Lamont Curator Emeritus of Birds at 

the American Museum of Natural His
tory. He has been research associate 
on the museum's staff since he retired 
in 1955. Murphy began his long and 
distinguished career as an ornithologist 
in 1911, when he became Curator of 
Mammals and Birds at the Brooklyn 
Museum, having acquired a Ph. B. from 
Brown UniverSity earlier the same year. 
In 1921 Murphy joined the American 
Museum of Natural History as Associate 
Curator of Birds, and in 1926 he became 
Curator of Oceanic Birds, the first such 
post at any museum. By this time Murphy 
had already led five expeditions to vari
ous parts of the world and had con
tributed largely to the establishment of 
marine ornithology as a distinct branch 
in the study of birds. In 1942 he was 
made chairman of the department of 
birds, which under his direction has de
veloped into one of the finest in the 
world and now contains more than 800,-

000 specimens. Since his "retirement" 
Murphy has taken part in an oceano
graphic cruise to the eastern tropical 
Pacific, and in 1960 he served as zool
ogist aboard the icebreaker Glacier dur
ing the course of the first penetration by 
man into the Bellingshausen Sea in Ant
arctica. 

GEORGE A. LLANO ("The Terres
trial Life of the Antarctic") is a member 
of the staff in the Office of Antarctic 
Programs of the National Science Foun
dation. Born in Havana, Cuba, in 1911, 

Llano was brought to the U.S. in 1917. 

He acquired a B.S. at Cornell University 
in 1935, an M.A. at Columbia University 
in 1939 and did graduate work at Har
vard University before entering the 
Army Air Force in 1942. After an Ameri
can-Scandinavian Foundation Fellow
ship took him to the University of 
Uppsala for a year, Llano returned to 
complete his Ph.D. degree at Washing
ton University in St. Louis. From 1951 

to 1957 he taught botany at the Air 
University at Maxwell Air Force Base. 
In 1957 and 1958 Llano participated in 
Antarctic research under the auspices of 
the National Academy of Sciences, and 
he served as secretary of the Panel on 
Biological and Medical Sciences of the 
Committee on Polar Research at the 
National Academy until 1960. He joined 
the National Science Foundation last 
year. 

SIR GAVIN DE BEER, who in this 
issue reviews Theodosius Dobzhansky's 
Mankind EvolVing: The Evoilltion of 
the H timan Species, is director of the 
Natural History Department of the Brit
ish Museum. 
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20 x 27 foot environmentol spoce chomber, in Bendix Systems Division's Space loboratories at 

Ann Arbor, Michigan. Interior temperoture, 320°F below zero. Coolant, Airco liquid nitrogen. 

Where Airco Nitrogen duplicates the cold of outer space 
Circulating through a special interior shell. the intense cold 
of Airco liquid nitrogen ... an incredible 320°F below zero 
... soon will cool the temperature of this massive test cham
ber to simulate interstellar environments ... and help man 
take a long step closer to mastery of outer space. 

This is the new environmental test chamber of the Bendix 
Space Laboratories. where important conditions of outer 
space will be simulated ... including high vacuum (through 
oil diffusion pumps) .,. heat and radiation (through carbon 
arc and infrared lamps) ... and the cold created by Airco 
liquid nitrogen. The space chamber provides these environ
m�nts in order to determine engineering problems and solu
tions to these problems prior to launch; thereby saving 
appreciably on the overall cost of space programs. 

Many trips through the chamber are planned here for a 
spectacular fleet of spacecraft. Almost certain to turn up are 
plenty of surprises for tomorrow's space product manufac
turers. For strange things happen in this environment. Bulk 
materials begin to evaporate before your eyes. Everyday lubri-

cants vaporize. Resistance to fatigue in metals increases. To 
find answers to a long list of such phenomena is the mission 
of the Bendix Space Laboratories. 

Bendix uses Airco liquid nitrogen for supercooling the 
chamber because Airco offered both dependable supply in 
the quantities required. and the needed experience with 
cryogenic installations. 

In nearly every industry today, modern processes based on 
Airco gases are improving quality. boosting production. re
ducing costs. Airco gases can give you special atmospheres ... 
heat ... cold . .. or can act as raw materials for chemical 
reactions. 

(f1&� 
AIR REDUCTION 
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Gamma shield 

• 
• 
• 
• 
• 

• 
for the o. s. o. 

Scientists are getting an undistorted look at the sun • by powder metallurgy techniques. Far denser than 
with the National Aeronautics and Space Adminis- • lead or concrete, Mallory 1000 packs great shielding 
tration's Orbiting Solar Observatory recently lofted • effectiveness into small volume ... important where 
into orbit more than 300 miles above the earth. • every cubic centimeter counts. And with all of its 
Included in the observing instruments aboard the • toughness and high tensile strength, it is easily 
Goddard Space Flight Center's 440-pound satellite • formed into complex shapes. 
are both shielded and unshielded devices for com- • 

parison measurements of destructive gamma rays. • 
• 

The gamma ray shielding is made of a remarkably • 
high-density metal called Mallory 1000 and produced • 

• 
• 

Mallory 1000 is one of a number of Mallory-devel
oped metals that are helping make big news in 
aerospace applications. P. R. Mallory & Co. Inc., 
Indianapolis 6, Ind. 

Imagination in electronics and metallurgy 
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TRIMETHYLOLPROPANE IS RIGHT DOWN YOUR ALLEY 

Bowling just had to take up chemistry! Ordinary 

wood finishes for bowling lanes could no longer 

stand up to the punishment of over two-and-a-half 

billion games that bowlers roll each year. 

Now many of the nation's 10,000 bowling 

centers are taking advantage of a new product of 

chemical research-urethane coatings. These 

tough, clear coatings are made even tougher by a 

Celanese chemical with the tongue-twisting name 

trimethylolpropane. They create a wood finish so 

smooth and glossy, so resistant to dents and, 

scratches, that bowling lanes and pins stay 

unmarred and new-looking far longer. 

You'll find trimethylolpropane turning up in other 

places, too. It's an ingredient in flexible urethane 

cushioning and rigid insulating foams ... in alkyd 

enamels for baked-on finishes in appliances and 

soft-d rink cans. 

As the principal domestic producer, Celanese 

makes this chemical available to industry by the 

millions of pounds. It is a good example of the 

benefits possible under the Celanese program of 

research and development in organic and polymer 

chemistr�-a program that brings you improved 

products in chemicals, plastics, polymers and 

man-made fibers. 

Celanese Corporation of America, 

522 Fifth Avenue, New Y ork 36, N. Y. C.lcn.,.® 

c� 
CHEMISTRY FOR YOU 
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One 011." series briefly f/eseribiny G.'I�s rcsel"rcl" in llelltl" 

Adhesion: 

describing an elephant of science 

Adhesion has certain similarities to the elephant the blind 

men were asked to describe. This interdisciplinary subject 

has occupied the talents of the physicist, chemist, 

mathematician, metallurgist, and polymer scientist. But 

still, what adhesion is-its mechanisms and principles 

-seems to have eluded an overall scientific theory. 

Perhaps not for long. 

Food for inductive thought is being gathered from 

fundamental research studies around the world. At the 

General Motors Research Laboratories, for example, recent 

experimental work by our polymer scientists has supported 

the idea that adhesion is dependent on: 

(1) specific chemical groups in the adhesive film 

(2) surface roughness of the metal substrate to which 

the polymeric film adheres. 

Particularly, through a range of polymers synthesized in the 

lab, they have found that the more available the electrons 

in the chemical groups, the stronger the adhesion. 

Similarly, the rougher the metal surface, the more force 

required to break the adhesive bonds between the polymeric 

coating and the substrate. 

This experimental approach is enriching our understanding 

of some of the fundamentals affecting adhesion. I t is also 

finding practical use in General Motors, helping in 

improving the adhesion of paint, rubber, plastics, and 

metals to each other. It's another example of GM's 

continual quest for-A BETTER WAY. 

General Motors Research Laboratories 
Warren, Michigan 

Chemical 
Groups 

-N (CH3lz 

-OC2HS 

-C6Hs 

-CH3 

-CF3 

tLJ 
.!:: 

-tiD 
Q) c • 
Q)Q) • a.� 
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Surface Roughness 
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__ 5_CA_LE __ 

BLUE PRINT SERIAL NO 

Tiny? No. This plunger is as immense as the 

success of the Nation's efforts in the reaches 

of infinite space. It is a dependable component 

used to launch and recover orbital vehicles. It 

connects Meletron pressure sensing elements 

to electrical contacts, and is the reliable heart 

of all Melex snap action switches made by 

Meletron Corporation. It makes possible the 

precise control of critical operations within 

a temperature range of -300°F to +500oF. 

Meletron Corporation is proud to be a par

ticipant in space exploration. 

The American way of life, though, will con

tinue to be advanced by progressive modern

ization of industrial and agricultural technics. 

These technics are rapidly expanding the use

fulness of hydraulic and pneumatic pressures. 

Meletron's pressure actuated switches are 

widely used to translate pressure changes to 

electrical impulses which stop, start or divert 

systems. 

Meletron has been researching, designing and 

manufacturing pressure actuated switches for 

25 years. Meletron Corporation is the world's 

foremost manufacturer and maintains the 

broadest shelf line to be found within the 

industry. 

The Meletron 46-page Engineering Manual 

is available upon request. 

AlI�ITAIN rIAPIAAT/IK 
950 North Highland A venue • Los Angeles 38, California • HOllywood 3-4841 

TWX LA 1286 
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Today's Avisco rayons are providing 
answers to a lot of puzzlers in such 

areas as filtration, reinforcing and ab

sorbency. In fact, the tremendous 
progress made in rayon technology 

has created fiber characteristics which 
economically solve mighty tough 

problems. Some of the important 

qualities of today's Avisco rayons are 
outlined here. They may provide the 
answers you have been looking for. 

CAREFULLY CONTROLLED 
FILTRATION Our fibers have a 

knack for providing more efficient and 
economic filtration for such diverse 
fields as milk, liquor, lotions, paints, 
oils, water and air. The secret of this 

success is accurate control of the di
ameters, lengths and surface charac
teristics of Avisco fibers. These in turn 

mean precise control of flow rates, 
solids ca pacity and particle size. Where 

a high degree of filtrate clarity is of 

prime importance, such as in liquors 
and lotions, rayon filters are particu

larly effective. 

FAST ABSORPTION OF 
LIQUIDS The well-known "cotton 
ball" is being replaced by Avisco 

rayon for more absorbency, improved 
softness and whiteness, and reduced 

linting. And with all these advantages 
the rayon balls actually cost less than 
their cotton counterparts. Avisco 

rayon absorbs more and faster than 
any other fiber, is produced immacu

lately clean, and rayon has no static 
hazard. That's why surgical dressings, 

masks, bandages and many sanitary 
and hygienic products are using Avisco 
rayon by the millions of pounds. 
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GREATER TEAR 
STRENGTH FOR PAPER 
Many different types of specialty pa

pers rely on Avisco rayon to givethem 
superior tear strength, better appear

ance, softness, porosity, bulk, absorb

ency and cleanliness. Today's Avisco 

rayons are ideally suited for use on 

conventional paper-making equip

ment, get along perfectly with all other 

paper fibers and the various chemi
cals commonly used in paper mills. 

VERSATILITY FOR 
NON·WOVENS We e n g ine e r  

Avisco rayons t o  meet the require

ments of non-woven products ranging 

from lightweight tissues to heavy in

dustrial fabrics. Their versatility is 

amazing and the many physical prop

erties of Avisco fibers can be con

trolled so that non-wovens can obtain 

just the right softness, stiffness, poros

ity, absorbency, appearance, bulk, 

tensile and tear strength for a given 

end use whether manufactured on wet 

or dry systems. 

IMPROVED STRENGTH 
FOR REINFORCING Excellent 

strength with less weight and bulk are 

obtained when Avisco rayons are 

used to reinforce products ranging 

from belting, tires, hoses, to corru
gated board, papers, tear tapes and 

plastics. 

All this is our way of saying that there 
must be a product or process applica

tion for economical Avisco rayons in 

your field. We'll be glad to give you 

more information. Just contact the In

dustrial Merchandising Department 

of the American Viscose Corporation, 

350 Fifth Avenue, New York 1, N.Y. 
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To 
get 

in the 
thick 

of 
thin 

films 

CAI�L COLLINS 
Would you like a progress report on our thin 
film program? We're looking into everything 
from new masking methods and process con
trol equipment, to quantum detection and 
cryogenics. D We're sold on thin film cir
cuits. We like their pro mise of new econ
omies in short-run production. The way you 
can hold down tolerances on resistors and 
capacitors. The freedom to choose and balance 

the newest and best transistors. The way thin 
film dissipates both heat and power. The 
weight. The size. The speed. The whole new 
potential for circuit design. And, most of all, 

56 

the reliability. D These advantages are evi
dent from our studies into thin film materials, 
techniques and applications. We're finding 
ways to design our thin film circuits into space 
communications, transportable communica
tions, aircraft electronics, computers and other 
applications. D Already our thin film circuits 
are filling contract requirements. D No 
doubt, your toughest development problems 
can benefit from our experience 
with thin film circuits. To learn !I?�� 
how, Call Collins Radio Company, 
ADams :5-2331, Dallas, Texas. D 

COLLINS 

\\)�@ 
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HIGH 
PRESSURE 
AT WORK 

HOW TO BUY 

A VALVE 

TO WORK AT 

HIGH PRESSURES 
Buying valves to work at high pressures calls [or a cer
tain amount o[ experience and understanding of the 

unusual effects of high pressure at work. Here are some 
of the facts you should know: 

TWO-PIECE STEMS. Sclcct one that docs not rotate 
against the scat when closing and which is designed for 

no backlash. Also look to avoid corrosion by making 
sure the stem is made from a material consistent with 
the body. 

COINED VALVE SEATS. Hardening of the scat after 

machining is vital, because fluids under high pressure 

and temperature conditions seek out flaws as leak points. 

MATERIAL QUALITY CONTROL. The valve should be 
made from material which has been carefully chosen. 
Rigid quality control, which includes chemical and 
physical analysis, should be part of the manufacturer's 
standard procedure. 

HYDROSTATIC P R E-TESTING. There's no room for 

guesswork when tons of pressure bear down. Hydro
static pre-testing must be 100 per cent-the only absolute 
assurance of function possible. 

EVEN SPOT GAS·TESTING! Fluid viscosity is a major 
factor in valving. Under high pressures certain gases 

will move through all but the soundest valves. You 
should look for a substantial spot check with gas in the 
manufacturer's specs to make sure you're protected un

der virtually any service conditions. 

SEND FOR BULLETIN 555·B . one of a series of 

Autoclave Engineers bulletins on the subject of high 
pressure valves. 

Valves are only part of the high pressure story. Your copy of our 

full kit "HIGH PRESSURE-At Work!," designed for the 

designer and researcher, includes facts on autoclaves, reactors and 

fittings, too. To put the pressure on us, please rush • 
the coupon today. ' "" .. " 

AUTOCLAVE ENGINEERS INC. 
I-------------------------� 
I AUTOCLAVE ENGINEERS, INC. I I Dept. SA, Box 4007, Erie, Pennsylvania, U.S.A. I 
I 0 I'd like "HIGH PRESSURE-At Work!" 0 Bulletin 555·B I 
I name I 
I title I 
I I 
I wm�� I 
I address I 
I I 
I city zone __ state I 
�-------------------------� 
EXPORT ADDRESS: Autoclave Engineers Sales Corp., 1010 Schaff Bldg., Philadelphia 2, Pa. 
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More than one million pounds of thrust pour from an F-l chamber 

in her preliminary test at Edwards Rocket Site in California. 

Where no metal but Palladium 
will do the job as well ... 
Palladium-containing brazing alloy 

serves in critical thrust chamber 

assembly for giant space engine 

The name of the engine: the NASA F-l. Its pur

pose: manned space flight. Its thrust: 1,500,000 

pounds-making it the largest single engine 

under development in the United States and 

the most powerful rocket engine known. 

Rocketdyne, a division of North American 

Aviation, developed the F-l. Every component 

had to be fabricated to exacting specifications. 

For example, take the brazing of the tubing in 

the thrust chamber. Here, the brazing alloys 

had to be "non-aggressive" to avoid eroding the 

thin-walled tUbing. Rocketdyne selected a pal

ladium-containing brazing alloy because of its 

excellent wetting characteristics, good ductility, 

and freedom from any significant tendency to 

erode the base. 

This application in the F- 1 chamber is just 

one example of how many organizations are 

using palladium to improve the reliability and 

performance of a wide range of products. 

It could pay you to use a Platinum Metal 

Your problem might be readily and economi

cally solved with Platinum Metals-where a 

non-aggressive brazing alloy is needed to safe

guard the performance of critical rocket com

ponents ... where high temperature corrosion 

and spark erosion are involved, such as in air

craft spark plugs ... where reliable make-and-

The six Platinum Metals are: 

break electrical contact is indicated, such as in 

low-noise high-fidelity transmission ... where 

wear-resisting, non-tarnishing surfaces are re

quired, such as for printed electrical circuits ... 

where peak catalytic efficiency is required, as in 

the refining of high octane gasoline ... the Plati

num Metals have proved to be the most eco

nomical for certain critical equipment. 

Industry is going to higher temperatures and 

higher pressures. Perhaps your own progress 

has been blocked by the limitations of materials 

to withstand such severe conditions. The Plati

num Metals have removed many barriers. Have 

you considered them for your problems? 

Platinum, palladium, rhodium, ruthenium and 

iridium have unique potentials, well worth your 

attention. Specialists are prepared to work 

closely with you in evaluating these metals for 

new commercial and scientific uses. 

As a first step, write us for additional data on 

the outstanding characteristics and successful 

applications of the six Platinum Metals and 

their alloys-indicating your field of interest or 

how we might be of assistance. 

CAN THESE PROPERTIES OF THE 
PLATINUM METALS HELP YOU? 

Exceptional Chemical Inertness 

High Temperature Stability 

Superior Wear Resistance 
Peak Catalytic Activity 

Low Vapor Pressure 

PLATINUM · PALLADIUM RHODIUM . RUTHENIUM . IRIDIUM . OSMIUM 

A PLATINUM METALS DIVISION <�> The International Nickel Company, Inc., 67 Wall Street, New York 5, N.Y. 
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The Antarctic 

Scientists of 12 nations ha()e occupied the last geographic frontier, 
In which they hcwe a unique natural obser()atory to study the earth as 

a whole. Presenting an lssue de()oted to Antarctica and its en()zrons 

T
he continent of Antarctica lies near 
the center of the earth's oceanic 
hemisphere, on the opposite side 

of the globe from the principal habita
tions of mankind. It is more than half 
again as large in area as Australia or the 
continental U.S.,  reaching from the 
South Pole to the 70th latitude around 
half of its perimeter. The bulk of Antarc
tica is ice-a true ice-age continental 
glacier that in some places depresses the 
block of the continent below sea level. 
In the depth of winter, pack ice frozen 
from the sea water doubles the area of 
this ice continent, reaching outward to 
the 60th parallel: the latitude of Lenin
grad in the Northern Hemisphere. Be
yond the pack ice and out across the 
stormy ocean that isolates Antarctica 
from other land masses, the glacial cold 
pushes the oceanic and climatic bound
ary of the Antarctic region as far north 
as the 50th parallel: the latitude of 
Paris in the Northern Hemisphere. 

Man did not enter the Antarctic, a re
gion that is so much more remote and 
hostile than the Arctic, until very recent 
times. It is less than 75 years since the 
first men set foot on the continent. For 
the past five years, however, the lights 
of human settlements have been burning 
on the Antarctic continent throughout 
the six-month darkness of winter. Al
though the winter population of Ant
arctica during this period has not ex
ceeded a few hundred, the summer 
population has regularly run into the 
thousands, counting men engaged in 
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by A. P. Crary 

work at sea, on the sub-Antarctic islands 
and in supply and support functions as 
well as those on the central continent. 
The new Antarctic community is un
usual because it is international. The 
continent is occupied under the terms 
of a treaty, signed in 1959, which sus
pends national claims to territory there 
for 30 years and effectively reserves 
Antarctica to the interests of science for 
the duration. 

A threefold motivation is evident in 
the scientific work now under way 

in the Antarctic. In the first place, the 
region itself holds intrinsic interest. As 
the last terra incognita on earth, the 
Antarctic continent must be explored 
and mapped if only because it is there, 
and this task is a prerequisite to others. 
The life sciences also have important 
frontiers in the Antarctic. The land pro
vides a minimal community of life for 
study of the interdependence of organ
isms at the limits of adaptation to desic
cation and cold. The sea, on the other 
hand, sustains one of the most abundant 
and least known biological communities 
on earth, distinguished by the successful 
maintenance-but for the depredations 
of man-of the largest animals that have 
ever lived. 

For another whole spectrum of inter
ests, work in the Antarctic is essential to 
fill in gaps in the understanding of forces 
and processes that are world-wide in 
scope. Since Antarctica is the locus of 
the south geomagnetic pole, for exam-

pIe, it is obvious that observations there 
are needed to complete the picture of 
the earth's magnetic field. Related stud
ies of the upper atmosphere are strength
ened by co-ordinated observations at 
conjugate points-that is, at places in the 
Antarctic and the Arctic connected by a 
single line of force in the magnetic field. 
In the circulation of the lower atmos
phere and of the oceans, the Antarctic 
plays a commanding role because it is a 
heat sink: radiating into outer space the 
enormous quantities of energy from the 
sun absorbed in the middle latitudes and 
carried southward by the meridional 
Row of air and water. Meteorologists and 
oceanographers also have a common 
concern in studies of the Antarctic gla
cier; since the glacier comprises 90 per 
cent of the earth's ice and locks up a 
significant fraction of the earth's waters, 
important problems in both of these 
fields turn on whether it is losing or gain
ing in volume. 

Finally, the Antarctic may help in the 
solution of major questions about the 
structure and history of the earth. The 
29 million cubic kilometers of the con-

ANTARCTIC CREVASSE is explored by 

glaciologists studying the annual deposition 

of snow in Antarctica. The tubes behind 

them are used to collect ice cores from the 

walls of the crevasse. Both men and equip· 

ment were lowered into crevasse by ropes. 
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tinental glacier constitute the largest 
transient load superimposed on the 
earth's crust. For studv of the rigidit,
and plastic How of the �rust and th

L
e UI{

derlying mantle, Antarctica presents a 
full-scale experimental model. Such 
stud), is not unrelated to speculation that 
has been stimulated by the more classical 
gcologv of Antarctic:l_ Fossil e,-idence 
shows that the continent in the not too 
distant geological past nurtured an 
ahundant Hora. This knowledge has 
helped to revive interest in the hypothe
sis that all the Southern Hemisphere 
continents were once joined in a super-

Ul 
a: w 
f-w :;;: 

3.000 

2.000 

1.000 

0 

2.000 

-4.000 

- 6.000 

A C TIVE STATIONS 

ARGENTINA 

1 DECEPCION 
2 ELLSWORTH (CO·OP. U S) 
3 ESPERANZA 
4 GENERAL BELGRANO 
50RCADAS 
6 TENIENTE MATIENZO 

AUSTRALIA 

7 DAVIS 
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continent. (In one romantic 19th-cen
tury statement of the hypothesis the 
continent was called Gondwanaland.) 
Implicit in this idea is the notion of con
tinental drift, the supposed migration 
of the continental blocks through the 
yielding mantle. Just whv Antarctica was 
left behind in the migration of the conti
nents and why the Northern Hemisphcre 
should now be so fa"ored b,' lanel are 
questions that have intrigued the geo
phYSicist. 

Antarctica figures no less dramaticalh
in other lines of geophysical speculation. 
The oppositeness of the polar rcgions-

FRANCE 

15 DUMONT D'URVILLE 
16 POINTE MOLLOY 
17 PORT-AUX-FRAN(,:AIS 

NEW ZEAL AND 

18 HALLETT (CO-OP. US ) 
19 SCOTT 

REPUBLIC OF SOUTH A FRICA 

20 MARION ISLAND 
21 SANAE 

U.S.S.R. 

22 MIRNYY 
23 NOVOLAZAREVSKAYA 

UNITED KINGDOM 

24 ADELAIDE ISLAND 
25 ARGENTINE ISLAND 
26 DECEPTION ISLAND 
27 FOSSIL BLUFF 
28 GRYTVIKEN 
29 HALLEY BAY 
30 HOPE BAY 
31 SIGNY ISLAND 
32 STONINGTON ISLAND 

U.S. 

33 A MUNDSEN-SCOTT SOUTH POLE 
34 BYRD 
35 McMURDO 

I N ACTIVE STA TI ONS 

36 LITTLE A MERICA (US) 

13 PRESIDENTE GABRIEL GONZALEZ VIDELA 
14 PRESIDENTE PEDRO AGUIRRE CERDA 

37 ROI BAUDOUIN (BELGIUM) 
38 SHOWA (JAPAN) 
39 VOSTOK (U S S.R.) 

CONTOUR MAP or THE ANTARCTIC shows the relief of the ('ontinental ire and land 
beneath it and the depth of the surrounding II aters. The relief of the ice is given by the 
hlue contour lines. The depth of the lIater is indieated in the tones of green on the arcom· 
panying key; the height of the land, in the tones of gray. The continental land that lies 
below sea level is outlined by the lightest shade of blue. The blue stippled areas are ice 
shelves. The colored broken lines show the limits of pack ice in March and September. 
The heavy broken line marks the Antarctic Convergence, which divides the Antarctit· 
waters of low temperature and salinity from waters of higher temperature and salinity that 
suppo,·t an entirely difl'erent hiological community. The black circle around the South 
Pole is at 80 degrees latitude; eaeh sueceeding circle represents an interval of 10 degrees. The 
numbered black dots show the loeations of the major scientific stations established by the 
nations participating in the Special Committee on Antarctic Research. Red lines trace routes 
of the major traverses across the Antarctic ice. Antarctica has a total area of 5.5 million square 
miles; along longitude 90 degrees east to 90 degrees west the continent measures about 2,800 
miles. Line traced by the Hodick and Pensacola mountains divides the continent into two 
major geological provinces: \Vest Antarctica (lIpper secti.on of map) and East Antar('\iea.  
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the contrast between the oceanic Arctic 
and the continental Antarctic-has led 
some to suggest that the Antarctic was 
pushed up by the turnover of currents 
of Huid rock in the mantle as the Arctic 
was pulled down. On the other hand, 
the evidence indicating a close relation 
between the mountains of the Antarctic 
Peninsula and the great Andean range 
of South America would seem to fit Ant
arctica into a more conventional theory 
of the growth of continents. This postu
lates the building of island arcs off con
tinental shores and the filling in or the 
uplifting of the sea Hoar between the 
islands and the continents. 

Thus the first few years of sustained 
work in the Antarctic have already 
brought this remote region to the center 
of interest in many fields of science. This 
issue of SCIENTIFIC AMERICAN is devoted 

to a reckoning of the present status of 
knowledge of Antarctica in its relation 
to the broad concerns of the various dis
ciplines, with particular reference to the 
progress made in the past few years. 
The history of science in the Antarctic, 
however, goes back as far as the history 
of Antarctic exploration. 

Science is exploration, whether it is the 
exploration of the atomic nucleus, 

calling for complicated equipment and 
highly technical training, or the explora
tion of an unknown continent and un
known seas, calling for gear and skills 
of a different sort. Both enterprises add 
to human knowledge, and it would be 
patronizing to regard those older voy
ages into the Antarctic as unscientific. 
There were, of course, other motives
adventurous, economic, imperial-and 

CAPTAIN JAMES COOK, 18th-century British explorer, was the first man to sail near the 

Antarctic continent_ In 1772, on the ship Resolution, he set out in search of the "Southern 

Continent." He came within 150 miles of shore. Unable to get through the ice, he turned back_ 
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these were usually foremost. But the sci
ence of the times in which these expedi
tions were launched generally had a 
part. What is more, it is just as neces
sary for the science of today to journey 
to distant places in order to con
front theories about the earth and its 
life with the test of observation in the 
field. 

The first knowledge of the limits of 
the Antarctic came in the latter part of 
the 18th century from the work of the 
great British seaman James Cook, who 
brought the art of navigation to a high 
degree of perfection in a brilliant series 
of voyages over the Pacific Ocean from 
the ice of the Arctic to the ice of the 
Antarctic. Under sail many navigators 
explored the edges of the ice, made land
ings on the Antarctic islands and came 
in sight of the continent itself. The names 
of the Russian Thaddeus Gottlieb von 
Bellingshausen, the Englishmen James 
Weddell and James Clark Ross, the 
American Charles Wilkes and the 
Frenchman Jules Sebastien Cesar Du
mont D'Urville are remembered from 
those days in the place names of the 
Antarctic. No small contribution to the 
literature came from the logbooks of the 
sealers and whalers who opened up the 
region to exploitation early in the 19th 
century. 

The first steamship to cross the Ant
arctic Circle was the Challenger, in 
1874, and the first vessel to winter over 
in the ice was the Belgica, commanded 
by Adrien de Gerlache, in 1897. It was 
not until 1893 that a party made a land
ing on the continent, and the first ex
pedition to winter on the continent was 
led by Carsten E. Borchgrevink, in the 
season of 1899-1900. There followed 
the continental expeditions of Robert 
Falcon Scott, Sir Ernest Shackleton, 
Roald Amundsen and Sir Douglas Maw
son in the period before World War I. 
In 1902 Scott experimented with captive 
balloons for reconnaissance and in 1907 
Shackleton, who was the first to enjov 
the convenience of acetylene light, 
brought the first motor vehicle to the 
continent. The expeditions of Hubert 
Wilkins, Richard Evelyn Byrd and Lin
coln Ellsworth in the period before 
World War II demonstrated the great 
usefulness of the airplane for penetra
tion of the continent. 

The era of expansive exploration now 
under way can be said to have had 

its beginning in the Norwegian-British
Swedish expedition of 1949-1952. This 
international enterprise conducted the 
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ROBERT F. SCOTT AND HIS PARTY pose for a picture at the 

South Pole in January, 1912, after haviug found that Roald 

Amundsen had reached the Pole before them. From left to right 

are E. A. Wilson (pulling (( string to take the picture), Scott, 

Edgar Evans, 1.. E. C. Oates and Henry R. Bowers. None of the 

members of the group survived the return trip from the South Pole. 

first major traverses into the interior 
and laid a foundation for the Antarctic 
phase of the International Ceophysical 
Year in 1957-1958. To the ICY, of 
course, one can trace the rapid advance 
of science into space as well as into the 
Antarctic. The present occupation of the 
continent dates from that highly success
ful undertaking. Recognition that work 
in Antarctica was bound to continue be
yond the end of the ICY prompted the 
organization in 1957 of the Special Com
mittee on An tarctic Research (SCAR). 
Through this agencv the scientists of the 
participating nations get together to ar
range the co-ordination of national scien
tific programs, standardization of instru
mentation, exchange of personnel, mu
tual assistance on logistical problems and 
the presentation of results. SCAR em
braces in its jurisdiction the oceanic is
lands as far north as the 40th parallel. 

Such international scientific collabo
ration on mutually agreeable issues set 
the stage for an international diplomatic 
conference on the Antarctic held in 
Washington in October, 1959. The con-

ference produced a treaty that was 
signed in December, 1959, and subse
quently ratified by all the signatory na
tions. In addition to the freezing of terri
torial claims, the treaty calls for the 
demilitarization of all national bases in 
the Antarctic, with full unilateral rights 
of inspection; it bans nuclear explosions 
and the dumping of radioactive wastes; 
and it sets up machinery to promote 
international collaboration in scientific 
ventures. It may be argued that it was 
unnecessary to provide science with a 
freedom of action on the continent that 
was taken for granted during the ICY. 
The real usefulness of the treaty, how
ever, will be demonstrated in its pro
vision of means for equitable solution of 
other problems, perhaps economic, that 
may arise in Antarctica. Moreover, it sets 
valuable precedents for international 
understanding in other areas, such as 
the Arctic and outer space. The inspec
tion provision may prove to be a primary 
innovation in international relations. In 
the Antarctic the treaty may encourage 
reduction of the number of those tem-

porary and permanent bases, especially 
on the Antarctic Peninsula, that are ad
mittedly occupied more for national 
than for scientific interests. 

As of today nine nations maintain 
some 40 stations on the continent and 
on the Antarctic islands (which are ac
knowledged as national possessions un
der the treaty). The number of stations 
is indefinite because many are tempo
rary or seasonal. At one early SCAR 
meeting a resolution was adopted imply
ing that a nation must have wintering
over personnel in order to to be eligible 
for membership. Scientifically, however, 
such a restriction is meaningless; a geo
logical party living in temporary shelter 
for three months in a summer can make 
enormous contributions to Antarctic sci
ence. A well-equipped and well-staffed 
oceanographic vessel, which does not 
qualify as a base at all, may make equal 
or even greater contributions. The num
ber of bases and of personnel does not 
therefore serve as a valuable indicator of 
scientific activity. Nations active in the 
Antarctic are Australia, New Zealand, 
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SEISMIC AND AURORAL ZONES are shown in relation to Antarctica on this world map. 

Becanse earthquake waves from the seismic zones can travel to Antarctica (white region) 

without passing through a land mass, the continent provides a unique location for seismic 

observations. Black rings around polar regions mark mid·lines of the auroral zones. Auroras 

occur with greatest frequeney in an area about SOO kilometers on either side of these rings. 
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Chile, Argentina and South Africa. all 
of which are Southern Hemisphere 
countries; the U.S. ,  the United Kingdom, 
Norway and the U . S.S .R. ,  all of which 
have Arctic territory or affiliations; Ja
pan, which has an important interest in 
Antarctic whaling; France, which pos
sesses the scientifically strategic sub
Antarctic islands of Kerguelen, Crozet 
and New Amsterdam; and Belgium, 
which sponsored the expedition of the 
Belgica in 1897. In the 1962 Antarctic 
program, however, Norway, Belgium 
and Japan are inactive. 

The United Kingdom maintains the 
- largest number of active stations, 

seven on the Antarctic Peninsula and 
nearby islands, one on the continent and 
one on the sub-Antarctic island of South 
Georgia. Most of those stations are de
voted to surface weather, geological and 
cartographical work, with more diversi
fied programs at the peninsular stations. 
No nation at the beginning of 1957 was 
more experienced in polar operations or 
had more polar scientists than the 
U . S. S.R. In the Arctic the Soviet North
ern Sea Houte Administration had suc
ceeded in making the Northeast Passage 
a practical reality [see "The Arctic 
Ocean," by P. A. Gordienko; SCIENTIFIC 
AMERICAN, May, 1961]. The same 
agency administers that country's Ant
arctic activities. These are centered in 
the coastal base at Mirnyy, which sup
ports the largest scientific program on 
the continent. A contingent of 45 Soviet 
scientists is on hand for the summer 
season; Soviet workers have manned 
bases inland at the Pole of Inaccessibil
ity, Vostok, Lazarev and Novolazarev
skaya for various periods of time during 
the past five years. During the Antarctic 
summer of 1961-1962 Soviet scientists 
made their first Bights into the con
tinent, using four-engine jets. vVith air
craft to supplement their previous 
dependence on ground vehicles, they 
expect to expand their mapping and 
field exploration activities. The U.S .S.R. 
also supports an active oceanographic 
program in the Antarctic; the oceano
graphic vessel Ob spends several months 
each year in the Indian Ocean sector of 
what the Soviet scientists have come to 
call the Southern Ocean. 

T he Antarctic activities of the U .S. 
- have been facilitated from the be

ginning of the IGY period by direct air 
support. Cargo planes By almost on 
schedule during the summer from New 
Zealand direct to the ice strip of the 
central supply base on Mc�Iurdo Sound. 
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From there planes By on to the perma
nent inland bases at Byrd Station and 
the Amundsen-Scott South Pole Station, 
which have been manned continuously 
since the summer of 1957. The Ellsworth 
and Wilkes stations, established during 
the IGY, have been turned over for ad
ministration to Argentina and Australia 
respectively; Hallett Station is a joint 
venture with New Zealand, and Little 
America Station, near the site originally 
occupied by Byrd in the 1930's, has been 
abandoned. 

During the IGY period the U.S. par
ties did little or no mapping, geology or 
biology but stressed meteorology and 
upper-atmosphere physics-studies that 
are carried on in win ter as well as sum
mer. Ground traverses were also con
ducted for glaciological purposes. Now, 
however, an extensive cartographic pro
gram is well under way; some 300,000 
square miles across the continent from 
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the Ross Sea to the Weddell Sea and on 
the Antarctic Peninsula have been 
mapped by aerial photography with an 
adequate network of control points 
established by ground parties. At pres
ent geology and biology engage a large 
portion of the total effort. Plans also 
call for an upper-atmosphere station to 
be located in Ellsworth Land-with con
jugate-point observations to be carried 
out in co-operation with a similar station 
in eastern Canada-and for a biological 
station on the Antarctic Peninsula. 
Moreover, U.S. scientists now have an 
oceanographic vessel, the Eltanin, oper
ating in Antarctic waters. The mission 
for this vessel in the next year will be 
to survey the ocean that lies between the 
80th and 170th meridians of west longi
tude and between the 50th parallel and 
the Antarctic pack ice. This vast stretch 
of islandless water is the oceanic anti
pode of the center of the con tin en-

FRANCE NEW 
ZEALAND 

REPUBLIC OF 
SOUTH AFRICA 

tal mass of the Northern Hemisphere. 
Some 7,500 miles of ground trav

erses over West Antarctica (the portion 
of the continent that lies west of the 
Greenwich meridian) have now con
firmed that Antarctica is really not a sin
gle geographic and geologic entity but 
two. East Antarctica, the main portion 
of the continent as it appears on the map, 
is underlain by a stable continental 
shield. Like the shield areas of Australia, 
India, South Africa and Brazil, it is com
posed of ancient metamorphosed crystal
line rocks of Pre-Cambrian age on which 
lie relatively undisturbed sediments. 
West Antarctica, on the other hand, is 
underlain by an island archipelago, 
which reaches northward on the map as 
the Antarctic Peninsula toward the tip 
of South America. Geologic evidence 
shows this part of the continent to be an 
extension of the Andean mountain chain, 
a part of the great circumpacific folded 

USS R. UNITED 
KINGDOM 

� 
U.S. 

SCIENTIFIC RESEARCH PROGRAMS carried out in Antarctica 

in 1962 are charted by nation and field of study. Each country par· 

ticipating in each of the programs listed is represented by its na

tional lIag. All countries are pooling the information gathered. 
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zone that was uplifted in the compara
tively recent Tertiary period. The con
necting link between the Antarctic Pen
insula and the tip of South America, 600 
miles away, is furnished by the Scotia 
Ridge. This is a huge undersea tectonic 
bight 2,000 miles in length that swings 
eastward and then westward, surfacing 

along the way to form the South Orkney, 
South Sandwich and South Georgia is
lands and rising again at Tierra del 
Fuego. 

However distinct in structure the two 
parts of Antarctica may be, they 

are joined in a single continent by the 

overlying ice that forms the geodetic 
surface of Antarctica. As the map on 
pages 62 and 63 shows, the glacier not 
only is grounded below sea level in the 
trough between the eastern and western 
portions of the continent; it even de
presses portions of the continental shield 
below sea level. But the mass of ice is so 

PART OF McMURDO SOUND is shown in this vertical aerial 

photograph, made from a Navy aircraft at an altitude of 6,300 feet 

above sea level. The round shapes at right are 250,000·gallon fuel 

tanks for McMurdo Station. At lower left is the path cut by an ice

hreaker for a tanker. Fuel will be piped from the tanker to the 

ship lying offshore and thence to the station's fuel-511pply tanks. 
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enormous that it makes Antarctica the 
loftiest of continents, giving it an aver
age height above sea level greater than 
that of any other. The rock shows 
at the surface only where mountain 
peaks rise through the ice and along a 
few escarpments, on headlands and in 
scattered bare patches around the coasts. 

To the total geographic area of Ant
arctica, ice adds some 800,000 square 
miles of territory that is underlain by 
water rather than by land. This is the 
shelf ice, which f(j)ofs over the inner 
reaches of the Ross and Weddell seas 
and elsewhere smooths the outline of the 
continent. From the shelves and from 

the mountain glaciers th:lt face directk 
on the sea, great icebergs break loose t; ) 
drift on the circumpolar ocean. Some of 
these icebergs have no counterparts ill 
the Arctic seas. As large as the state or 
Connecticut, they are capable of drift
ing for years and of making the full cir
cumpolar circuit around the contincllt. 

BYRD STATION, constructed underground, is reached by means 

of ramps cut into the snow. The ramps and their entrances form a 

roughly cross-shaped pattern in this photograph, made from a 

Navy aircraft fiying 11,300 feet above sea level. Rows of black dots 

at center are the shadows of supplies standing on elevated plat

forms. Markings in snow are tracks of the excavating equipment. 
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TRIMETROGON PHOTOGRAPH of Alice Glacier in Victoria 

Land was made from an altitude of 20,000 feet above sea level by 

a Navy photo·mapping aircraft. Sky is visible at far right and at 

far left; at lower left is the wing tip of the plane. Below the 

horizon at left is the Beardmore Glacier; below the horizon at 

right is the Queen Alexandra Range. Dark lines running through 

Most of the ice that bars approach to the 
continent around its entire periphery, 
however, is sea ice such as forms in the 
Arctic Ocean. Between summer and win
ter the margin of the pack ice oscillates 
back and forth from roughly the 70th 
out to the 60th parallel. 

Because the ice reRects most of the 
solar heat directly back into space, it is 
calculated that the combined reRecting 
surface of the continental and oceanic 
ice increases the temperature difference 
between the Antarctic and equatorial 
regions by a factor of two or more. The 
north-south heat gradient, thus ampli
fied, sets the vast oceans of air and 
water in motion along the lines of longi
tude over the Southern Hemisphere. At 
right angles to the heat gradient, the 
rotation of the earth exerts another force, 
known as the Coriolis force, which 
causes the movement of the air to veer 
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from west to east. The westerly winds in 
turn drive the ocean currents from west 
to east. Between the 48th and 65th lati
tudes, a stretch of 1,000 miles, only the 
southern tip of South America breaks 
the expanse of ocean; between the 55th 
and 65th latitudes there is a belt of un
interrupted ocean 600 miles wide. As a 
result, the famous westerly winds of the 
"roaring forties," the "howling fifties" 
and the "screaming sixties" and the pow
erful Antarctic Circumpolar Current are 
able to swing in a complete circle around 
the globe. 

The movements of air and water car
ry the climatic and oceanic inRuence 
of Antarctica far north of the margin of 
the pack ice. The natural boundary of 
the Antarctic region is set by the Ant
arctic Convergence. This is a narrow 
zone in the water masses surrounding 
the continent where abrupt changes in 

temperature and density divide the cold 
Antarctic water of low salinity from the 
waters of the northern oceans. The Con
vergence moves northward and south
ward with the seasons and with dynamic 
changes in the oceanic circulation. In the 
Antarctic summer month of February 
this boundary lies roughly halfway be
tween the southernmost points of South 
America, South Africa and Australia 
and the nearest points on the Antarctic 
continent. 

1-'be unique geography of the Antarc-
tic region, so forbidding to most hu

man activities, makes it a great natural 
laboratory for the study of major ques
tions about the earth as a whole that can
not be approached so advantageously 
elsewhere. Polar stations, for example, 
are essential to investigation of the upper 
atmosphere. In the Antarctic the three 
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the glacier are crevasses. Three cameras are used simultalleous1y 

in trimetrogon photography. The center camera is aimed straight 

down; each of the owe,"" is at a 60.degree angle to the vertical. Tn· 

metrogon photographs are made every 30 seconds along a predeter· 

mined flight line. They are being used by the U.S. Geological Sur· 

vey to make the first accurate topographical mal" of Antarctic-a. 

southern poles of the earth-the geo
graphic, magnetic and geomagnetic 
poles (the south pole of the extended 
magnetic dipole field) -are all located on 
land, where secure year-round observa
tories can be maintained. Moreover, the 
low level of man-made radio noise and 
of thunderstorm noise in the Antarctic 
makes for better monitoring conditions 
on all freq uencies. 

For the purposes of the meteorologist 
and oceanographer the circulation of 
the Antarctic ocean and atmosphere 
presents in each case a pattern of geo
metrical simplicity that approximates the 
theoretical model. The glaciologists are 
approaching the completion of the enor
mous task of determining the thickness 
of the ice over the continent. They can 
now turn to study of the ice budget of 
the Antarotic, of the deformation and 
Ho\V of the ice and of the climatic history 

of the continent as it is recorded in the 
depths of the ice. With the ice burden 
reliably estimated. geoplwsicists can 
turn to study of the dynamics of the 
underlying crust. Antarctica provides the 
ideal observatory for investigation of 
the crustal character of the Southern 
Hemisphere. The continent itself is dis
tinguished by its seismic quiet, either be
cause it has become tectonicallv inactive 
even in its western parts or, as has been 
suggested, because it is literall�' weighed 
down by the icecap. In either case the 
absence of local seismic noise makes it 
possible to record fainter earthq uake 
signals from elsewhere. Because the 
continent faces on the ocean all around 
the perimeter. signals from mal1\' 
earthquakes arrive undistorted bv trav
el in continental masses. Some of 
the earthquake recordings can be em
ployed to make sensitive studies of the 

Antarctic continent's own substructure. 
The crustal investigation will help 

to settle the controversies around ques
tions of continental growth and drift that 
the surface geology of Antarctica has 
helped to excite. The geological pros
pecting of the continent has not yet pro
duced its last surprise, for it has bare'" 
begun. Beyond the meager sample of 
geological history that is exposed on 
land, the geologists can look forward to 
study of the marine sediments. Over a 
stretch of ocean bottom reaching out 
200 to 700 miles all around Antarctica, 
icebergs have rafted and deposited a 
rich till of continental rock. The first 
sampling of these deposits has already 
produced significant fossils. The well
established connections between the 
ancient Hora and fauna of Antarctica and 
the other continents of the Southern 
Hemisphere now play a pivotal role in 
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efforts to reconstruct the paleogeog
raphy and paleoclimate of the world as 
a whole. 

N a result of the present isolation of 
the continent, the community of life 

extant there now is one of the few that 
present a natural assemblage of organ-

isms uncontaminated by the activities 
of man. The rising need for food sources 
to meet the needs of an expanding world 
population furnishes a compelling prac
tical reason for deeper study of the rich 
marine life in the Antarctic. 

One can, of course, list equally tangi
ble prospective benefits to justify other 

Antarctic studies: eventual additions to 
the world's mineral resources, improve
ment in radio communication, more 
reliable weather forecasts and so on. 
Such reckoning helps to justify for poli
tician and taxpayer the $100,000 to 
$200,000 that it costs to put a scientist 
on the Antarctic continent. The figure 

McMURDO AND SCOTT STATIONS, established by the U.S. and 

New Zealand respectively, are located on Hut Point Peninsula. 

The peninsula is at the right in this photograph, which was made 

from a Navy aircraft flying 16,000 feet above sea level. On the 

horizon at center is Mount Erebus. To the right of the peninsula is 

the Ross Ice Shelf; to its left is Erebus Bay, which opens into 

McMurdo Sound. In the center foreground is a pair of crossed air· 

strips. The tiny dots adjacent to them are airplanes on the ground. 
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is small compared with the cost of put
ting a man on the moon. But the polar 
scientist, no less than the space scientist, 
must acquit his public responsibility to 
see that his undertakings are well con
ceived and diligently pursued. Both 
have the good fortune to be backed by a 
constituency that is convinced of the 

intrinsic worth of basic science and 
recognizes the unpredictability of its 
practical benefits . The Antarctic conti
nent holds out still another challenge. 
Under the provisions of the Antarctic 
Treaty, national claims to territory 
there have been at least temporarily 
abandoned. Antarctica can become a 

laboratory not only for the physical and 
life sciences but also for the develop
ment of international co-operation and 
understanding. There will be increasing 
opportunities for scientists of many na
tions to work together on this truly in
ternational continent to enlarge the 
heritage of all mankind. 

EDGE OF ROSS ICE SHELF was photographed from a Navy 

aircraft flying at an altitude of 4,400 feet above sea level. The 

shelf, which extends all the way to the horizon, has a depth 

of as much as 1,000 feet and is elevated about 100 feet above 

the water. The light areas in the ice on the Ross Sea ( at right ) 

are newly formed ice. The narrow fissure near the edge o f  

the shelf i n  the foreground outlines a n  iceberg i n  the process 

of calving. The wider fissures to its left and above it are crevasses_ 
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The Antarctic and the Upper Atmosphere 

.. The lines of force zn the earth's magnetic field bend down o{)er 

the poles; hence the Antarctic zs a key location for obser{)ing 

the interaction of the field and charged particles from the sun 

K
first thought it might seem a bit 

odd to go all the way to the Ant
arctic to study the upper atmos

phere. The atmosphere is above us 
wherever we are, and its higher regions, 
beginning at about 50 kilometers (30 
miles), lie almost wholly beyond the in
fluence of surface climate. Yet the prop
erties of the upper atmosphere in the re
gions of the poles differ crucially from 
those at middle latitudes. This is due to 
the earth's magnetic field. 

As almost everyone knows, the earth 
has a "dipole" field that in the large 
resembles the field of a gigantic bar 
magnet running not quite through the 
center of the globe and tilted at about 
11 degrees to the spin axis. At the sur
face the dipole field is badly distorted 
by magnetic minerals in the crust. Even 
the magnetic poles themselves, if they 
are taken to be the places where the 
dipping needle pOints straight down, do 
not coincide with the dipole axis [see 
illustration on page 80J. With increas
ing distance from the surface the irregu
larities tend to disappear. For most 
upper-atmosphere work the dipole axis 
is assumed to pass through the center of 
the earth. The poles of this "centered 
approximation" geomagnetic axis are 
located at 78.5 degrees north latitude, 
69 degrees west longitude (in north
west Greenland) and 78.5 degrees south 
latitude, 111 degrees east longitude 
(not far from Vostok, the Soviet station 
on the Antarctic plateau) . 

Imagine the axis as a straight line 
connecting the axis poles and extending 
indefinitely into space in both directions. 
Everywhere along the axis the lines of 
force of the geomagnetic field run ver
tically through the upper atmosphere, 
perpendicular to the earth's surface. The 
greater the distance from the axis, the 
more the field tilts away from the ver-
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tical. In the plane of the magnetic 
equator it is horizontal, or parallel to 
the surface. 

Why should changes in the inclination 
of imaginary lines of force affect the 
characteristics of the tenuous gas high in 
the atmosphere? The answer lies in the 
charged particles streaming down into 
the atmosphere from the sun. To the 
particles a line of force represents a 
very real barrier when approached at 
right angles. If the particles come in 
parallel to the line of force, it serves as 
a guide down which the particles travel, 
twisting around the line in a helical 
path. The effect of the earth's field is to 
divert incoming charged particles away 
from the geomagnetic equator, where 
they approach the lines of force perpen
dicularly, and to funnel them toward 
higher magnetic latitudes, where t� 
lines of force point downward toward 
the earth's surface. As a result the upper 
atmosphere is a much livelier and more 
interesting place in the region of the 
poles, especially in the circumpolar 
zones where auroras occur regularly. 

If the situation were completely sym
metrical, every phenomenon near one 
pole would have its exact counterpart 
near the other. As a matter of fact there 
is now enough evidence to show, or at 
least to suggest strongly, that major 
upper-atmosphere events in one hemi
sphere are mirrored in the other. Of 
course the events are not precisely the 
same or precisely simultaneous. One of 
the incentives to Antarctic research is 
the comparison of phenomena there 
with those that have been more thor
oughly studied in the Arctic. This 
should help the investigator to reach a 
detailed understanding of the complex 
interactions of atmosphere, magnetic 
field and solar emanations. Some ob
servations must be carried out simul-

taneously in both hemispheres at con
jugate magnetic points, that is, at oppo
site ends of the same line of force. 

In addition to providing a comparison 
with the Arctic, the Antarctic is in many 
ways the more convenient high-latitude 
observatory, as A. P. Crary has pointed 
out in the preceding article. The ice 
sheet, inhospitable as it may be, offers 
a solid base for permanent stations, in 
contrast to the Arctic Ocean. Already 
the available transport facilities make 
large regions of Antarctica easier to 
reach than corresponding points in the 
Northern Hemisphere. Comparative 
freedom from thunderstorms and from 
man-made sources of electrical inter
ference are additional advantages. 

Beginning during the International 
Geophysical Year, a wide and varied 

program of upper-atmosphere research 
has been under way in the Antarctic. 
Although the program is now a few 
years old, definitive results are only just 
beginning to emerge. Almost every ex
periment is a major undertaking that 
may take a whole season to set up. A 
few months of operation produces roll 
upon roll of paper records or case after 
case of photographs that often require 
more time to analyze than to collect. 
The work has barely begun. In this arti
cle I shall necessarily have more to say 
about the subjects being investigated 
than about what has been learned. 

In any discussion of upper-atmos
phere effects, pride of place must go to 
the aurora. Only a handful of people 
have been so fortunate as to see it in its 
full development in Antarctica (even 
today hardly anyone is there during the 
long winter night), but Indians, Eskimos, 
miners and trappers know its counter
part in northern Canada. The regions 
where auroras are most common-in-
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SUNLIT AURORA (above) is a rare sight. Suulight usually 

blots out aurora. Photograph was made in April, time of sun· 

set before long night of polar winter. Sun is below the horizon. 

ACTIVE AURORA (below) resembles undulating drapery. These 

are the first color photographs of the aurora ever made at the South 

Pole, which lies on the inner edge of the southern auroral zone. 
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ALL·SKY PHOTOGRAPHS of an aurora at the South Pole show 

its development over a period of 24 minutes. The series starts at top 

left and ends at bottom right. The all·sky images were made by 

photographing a shiny metal ball from above. These photographs 

and the color photograpbs on the preceding page were made by 

Henry Morozumi of the Radioscience Laboratory at Stanford Uni· 

versity. His Antarctic studies were made under the auspices of the 

Arctic Institute of North America and the State University of Iowa. 
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deed, where they take place practically 
every night-are called the auroral 
zones. They are a pair of rings surround
ing the axis poles at a distance of about 
23 degrees. Outside and inside the rings 
auroras are less frequent. 

Generally speaking, an observer in 
the Northern Hemisphere sees auroras 
from the outside, or south of the zone. 
He discovers first a pale glow low on 
the horizon toward the axis pole. Soon 
the low auroral glow becomes a quiet 
greenish-yellow arc stretching across 
the sky nearly along a magnetic latitude. 
The first arc rises gradually toward the 
zenith, followed by a second, third and 
perhaps even a fourth, moving in state
ly parade. On a night of quiet aurora 
some or all of the arcs may pass the 
zenith about midnight and then go back, 
disappearing toward the axis pole. Dur
ing nights when the earth's magnetic 
field is disturbed auroras become active 
just before midnight, the arcs changing 
into groups of discrete rays that arrange 
themselves parallel to the almost verti
cal magnetic lines of force. The general 
color remains a pale greenish yellow, but 
often it brightens and shows a reddish 
tinge, particularly along the lower edges 
of the rays. Even a vivid blue or apple 
green can appear intermittently. Some
times the bands of rays appear to fold 
on themselves, forming "draperies" and 
"curtains" that move about and change 
form. This pulsating aurora signals the 
breakup of the display. After midnight 
the rays fade and disintegrate. 

So few people have watched auroras 
from within the zone that it is hardly 

possible to speak of their typical appear
ance from such vantage pOints. As a 
member of Robert F. Scott's Antarctic 
expedition of 1910 to 1913 I was privi
leged to observe and report on the 
aurora from well inside the zone. As 
in the north, a glow on the horizon was 
followed by the stately approach of 
quiet arcs. Since I was between the 
axis pole and the auroral zone, I saw 
the arcs moving inward toward the 
pole. Only rarely did they rise to the 
zenith and pass overhead. When they 
did, they showed the quick changes of 
shape and color characteristic of pulsat
ing auroras. Afterward they broke up 
into the separate rays and draperies of 
an active aurora. They did not return as 
arcs to their place of origin. Usually the 
active-aurora breakup coincided with 
increased magnetic activity that ap
peared at a time of day when such activ
ity was normally slight. 

It must be admitted that geophysicists 

still do not agree completely on the 
origins of the aurora. But seeing is be
lieving, and the sight of the aurora over
head, waxing and waning in tune with 
fluctuations of the geomagnetic field, 
gives a measure of confidence in the idea 
of a connection between magnetic and 
auroral activity. At the same time there 
is an undoubted correlation with solar 
activity. The most widely accepted ex
planation for the aurora is that protons 
and electrons from the sun bombard 
oxygen atoms and molecules and nitro
gen molecules in the upper atmosphere, 
exciting them into luminescence. The 
auroral zones are regions of maximum 
activity because the earth's magnetic 
field usually dumps most of the solar 
particles into the atmosphere there. The 
quiet aurora, always present somewhere 
in the auroral zones, can probably be 
ascribed to the "solar wind," a continuous 
stream of charged particles sent out by 
the sun. 

The number of active auroras in
creases and decreases with the ll-year 
cycle of solar activity. The peak of auro
ral activity, however, seems to lag a 
year or two behind that of solar activity. 
By far the most spectacular and wide
spread auroras follow strong flares on 
the sun. After a flare the solar wind be-

comes a gale of varying force and speed. 
Some extremely energetic charged par
ticles hit the earth's atmosphere within a 
few hours, but most arrive as clouds of 
plasma (ionized gas) beginning a day or 
so later. This indicates a modest speed 
of 1,600 kilometers (1,000 miles) per 
second for the trip from the sun to the 
earth. The "slow" particles continue to 
arrive for two or three days after a strong 
flare, showing that the plasma clouds are 
much wider than the distance traveled 
daily by the earth in its course around 
the sun. Plasmas, being good electrical 
conductors, probably carry entangled 
with them some of the sun's intense local 
magnetic fields. These strong fields im
prison particles of much higher energy 
than those constituting the majority of 
the cloud. Data from satellites lend con
siderable support to this idea, helping 
to explain the detection of high-energy 
particles arriving at the same time as the 
lower-energy plasmas. 

Although much remains to be learned 
about the behavior of clouds of solar 
particles, it seems certain that when one 
of them meets the earth's magnetic field 
some 10 to 15 earth radii out, it deforms 
the field, driving it inward. This would 
push each successive loop in the lines of 
force into the lower latitudes. As a result 
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. SIMULTANEOUS ACTIVITY in the ionosphere, the earth's magnetic field and the 

aurora was recorded in Alaska over a period of several hours. During the active period 

cosmic noise dropped as a result of absorption by the ionosphere (top), micropulsations of 

earth's magnetic field increased (middle) and rapid changes or coruscations in the aurora 

also occurred (bottom). The three recordings were made by Wallace H. Campbell of 

the National Bureau of Standards and Harold Leinbach of the University of Alaska. 
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the auroral zones are also shifted into 
lower latitudes. The disruption of the 
earth's magnetic field is called a mag
netic storm. 

Many of the higher-energy particles 
in solar clouds are thought to break 
through the boundaries of the earth's 
magnetic field only to be captured by the 
field farther in. These make up the outer 
part of the Van Allen radiation belt, 
which is normally about six earth radii 
out. There the trapped particles spiral 
around the magnetic lines of force, danc
ing back and forth between the two 
auroral zones where the field becomes 

strong enough to reHect them. At each 
end some escape from the "dance Hoor" 
to play a role in producing auroras. 

During periods of relative solar in-
activity Van Allen belt electrons 

have been found down as low as 100 
kilometers in an area that includes the 
northern auroral zone. The electron 
Hux, as a matter of fact, reaches its maxi
mum in the zone. It is reasonable to ex
pect that solar gales would push the Van 
Allen zone closer to the earth during an 
active magnetic-auroral period, together 
with the lines of force. It is also reason-

able to assume that the changes during 
an active aurora may result to some ex
tent from the capture of new supplies of 
particles as they enter the earth's mag
netic field. These incoming particles are 
responsible for huge electric currents: 
in the upper atmosphere above the 
auroral zones, measured in hundreds of 
thousands of amperes. Such currents: 
How even in times of quiet aurora, al
though they are much smaller then. The 
return path goes partly inside the auroral 
zones and partly through the atmosphere 
at lower latitudes. Large variations in the 
currents reveal themselves as magnetic 

LINES OF FORCE of the earth's magnetic field (white) trap 

electrically charged particles from the sun in the outer portion of 

the Van Allen radiation zone (hatching). The spirals represent 

the motion of a trapped particle gyrating back and forth from the 

Northern to the Southern Hemisphere along a line of force. Actual

ly such a spiral is extremely tight. The broken colored line nearer 

the earth is the path of a mid·latitude "whistler," an electromag

netic disturhance below radio frequen .. y, generated hy lightning_ 
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storms that often begin suddenly and 
virtually at the same time everywhere 
on earth. 

Some of the foregoing picture is still 
theoretical and most of it is painted only 
in broad strokes. To RII in the details will 
require more observations of auroras in 
both hemispheres and accurate measure
ments of their size, location and move
ments. In this work the human eye must 
be supplemented by other instruments. 
During the ICY about two dozen all-sky 
cameras (consisting of a convex mirror 
facing up at the sky with a camera point
ed down at its center) were operated 
in the Antarctic and 90 such cameras in 
the Arctic. Each of these instruments 
provides a photographic record of the 
progress of auroras over the entire part 
of the sky visible from its location [see 
illustration 011 page 76]. 

To Rnd the position of an aurora, a 
pair of simultaneous photographs is 
made with ordinary cameras spaced 
about 40 kilometers apart. The position 
is determined from the relation of the 
auroral features to the background stars 
in the pictures. Such photographs have 
demonstrated that the bottom of the 
aurora is never lower than 65 kilometers 
(40 miles), whereas the top has been 

measured at altitudes up to 900 kilo
meters. The arcs are seldom more than 
two or three kilometers thick and some
times are less than a few hundred meters 
thick. As is known from reports of 
widely scattered observers, a single 
aurora can extend for thousands of 
kilometers, sometimes stretching rough
ly from east to west over a large part 
of the globe. 

Even cameras cannot tell the whole 
story, since the aurora is invisible in day
light. Powerful radar sets are now de
tecting echoes from daytime auroras. 
The resolution is much lower than that 
of the camera or the eye, and many de
tails are lost. Nevertheless, radar can be 
used during the long Antarctic day, and 
it will make feasible the extremely im
portant task of comparing simultaneous 
auroras in the two hemispheres. 

By no means all the charged particles 
in the upper atmosphere come directly 
from the sun. Many originate in ioniza
tion of atoms and molecules of the air 
by solar X ravs and ultraviolet rays. The 
ionized atoms and their accompanying 
free electrons are responsible for the 
conducting regions called the iono
sphere. Different ions predominate at 
different heights and the number of elec
trons varies, giving rise to more or 
less distinct layers-labeled in ascending 
order D, E, F 1 and F :!-from 75 kilo-
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IONOSPHERE is region of many electrically charged particles, as measured by electron 

density. It is a part of the upper atmosphere, above 99.98 per cent of the air. The colored 

tone reflects electron densities as indicated by the curve. In reality the boundaries of the four 

regions, D, E, F 1 and F 2 are not so definite as the white lines \\'ou ld indicate. The regions 

tend to intermix and to move up and down. The broken lines indicate uncertainty. 

meters to 350 kilometers. Since the par
ticles are produced largely, if not entire
ly, by solar radiation, the make-up of the 
ionosphere varies widely with the time 
of day and with the season. 

S
tudies in Antarctica are helping to 

round out the picture of the behavior 
of the ionosphere. They have also un
covered a puzzle. During the entire 
Antarctic night the number of free elec
trons in the F � layer above the South 
Pole waxes and wanes every 24 hours. 
Yet there is no sunlight at all. Either 
the pulsation is caused by bulk transport 
of electrons from illuminated regions of 
the atmosphere or some agency other 
than solar radiation helps to ionize the 
air at the F 2 level. 

As a practical matter the ionosphere 
must be regularly monitored in the Ant
arctic to help maintain communications. 
vVhen the normal complement of elec-

trons is augmented by a burst from a 
solar Bare, the D layer absorbs short
wave radio Signals. Often the effect is 
severe enough to black out all radio 
communication and therefore also to 
ground all aircraft. Operations in the 
Antarctic are alwavs subject to interrup
tion bv ionospheric storms. Conse
quently a considerable effort goes into 
measurements that show what radio 
frequencies will travel best through the 
ionosphere at anv time. 

Still another source of charged par
ticles in the upper atmosphere deserves 
to be mentioned: cosmic radiation. The 
particles that make up cosmic rays have 
an enormous range of energies. All but 
those of the lowest energies come from 
outside the solar system; some may even 
originate outside our galaxy. These have 
enough energy to pierce the geomag
netic Reid, and they pour down fairly 
evenly over the globe. At the low-en-
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CONJUGATE·POINT STATIONS, geomagnetic axis poles and 

magnetic poles in Southern and Northern hemispheres are shown 

on this map. Southern Hemisphere stations and poles are in color, 

Northern Hemisphere counterparts in black. Nortbern Hemispbere 

(gray) appears as though viewed from below through a transparent 

globe. The compass points to the familiar magnetic poles. They are 

also called dip poles because in theory a compass directly over one 

should point or dip straight down. Local magnetic conditions 

within the earth determine the positions of the dip poles, which 
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move many kilometers each year. The geomagnetic poles are the 

points at which the lines of force of the earth's magnetic field go 

straight out into space. The axis of these poles does not pass 

through the center of the earth; the geomagnetic axis poles shown 

here are approximations to an axis that does pass through the 

center. These approximate geomagnetic poles are used for most 

upper.atmosphere calculations. The location of conjugate points 

(the two ends of one line of force of the earth's magnetic field) 

seems to differ for different phenomena and at different times. 
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ergy end of the spectrum, however, the 
cosmic radiation apparently consists of 
a fairly constant number of particles 
from outside the solar system and a vary
ing number that come from the sun it
self. These solar particles are strongly 
influenced by the earth's magnetic field, 
and very few of them are detected near 
the geomagnetic equator. Observations 
from balloons and satellites have shown 
that when low-energy cosmic rays in
crease (usually after a solar flare), the 
curve showing numbers of particles ar
riving at different magnetic latitudes re
mains nearly horizontal for low and 
middle latitudes and turns sharply up
ward in high latitudes. This is known as 
the latitude-knee effect. If the explana
tion is correct, the "knee" should disap
pear, or at least become less prominent, 
during a period of solar quiet. The ques
tion will be tested in the Antarctic dur
ing the International Year of the Quiet 
Sun (IQSY) in 1964 and 1965. 

One of the most interesting programs 
of Antarctic research is the study of 
low-frequency electromagnetic disturb
ances. In moving through the atmos
phere long electromagnetic waves (that 
is, waves of low frequency) are strongly 
affected by the earth's magnetic field. 
Some of them even seem to follow lines 
of force, in which case they can be re
flected so that they oscillate back and 
forth between magnetically conjugate 
points in the two hemispheres. 

The best-known example of the phe
nomenon is the "whistler." A whistler 
is a radio signal lasting a second or 
two and sweeping (usuallv downward) 
in frequency from about 30,000 cycles 
per second to at least 400 cycles per sec
ond. This is well below the lowest broad
cast band and extends into the audible 
frequencies. (To be heard, of course, the 
electromagnetic waves must be convert
ed to sound waves by a radio receiver.) 
For some years it has been known that 
whistlers originate in lightning dis
charges. Each discharge generates waves 
over a broad range of frequenCies, some 
of which are heard as the familiar clicks 
of radio static. As they move through the 
upper atmosphere, the waves are slowed 
down by the free electrons. The degree 
of slowing down depends on the electron 
concentration, the frequency and the 
magnetic field along the path; for a given 
concentration the longer waves slow 
down more than the shorter ones. The 
result is to turn the original click into 
a drawn-out whistle. Under certain cir
cumstances a whistler may rise in fre
quency or rise and fall simultaneously. In 
the latter case its sound spectrogram 

WHISTLER SPECTROGRAMS show "one hop" whistlers (left at top and right at 

bottom), which have traveled once through upper atmosphere, and a two·hop whistler 

(left at bottom), which has made two trips. Vertical scale is from 8,000 cycles to zero. 

"NOSE WHISTLERS" are simultaneous rising and falling tones that join smoothly to 

"draw" a nose on the spectrogram. Two such whistlers, traveling several paths, can be seen. 

Top frequency bere is 16,000 cycles. Source clicks of the whistlers are marked at left by 

broken lines. Records such as this permit measurement of electron density along the path 
traveled by the nose whistler. R. A. Helliwell of Stanford University recorded the whistlers. 

"DA WN CHORUS" is a twittering noise of unknown origin that occurs in early morning 

at middle and high latitudes. These recordings, covering about a minute, were made simul· 
taneously at conjugate points in Alaska (top) and New Zealand during Helliwell's program. 

has a noselike shape, hence the name 
"nose whistler." 

Early studies showed that a disturb
ance must travel many thousands of 
kilometers to be stretched out into a 
whistler. It was finally found that the 
lightning-generated waves move along 
a line of force of the earth's magnetiC 
field, bouncing back and forth between 
the conjugate points where the line 
comes to earth in the Northern and 
Southern hemispheres. Whistlers that 
originate in lower latitudes, therefore, 
do not get far from the earth's surface, 
but those from higher latitudes follow 
lines of force out many earth radii. When 
they start near the geomagnetic poles (it 
is possible to generate whistlers arti
ficially in the absence of storms), they 
should travel beyond the outer reaches 
of the Van Allen belt. Such waves 
would furnish a means of studying 
the electron content of the far outer 

atmosphere, thousands of kilometers 
above the ionosphere. So far, however, 
the important experiment of recording 
and analyzing whistlers at conjugate 
points well inside the auroral zones, near 
the geomagnetic axis poles, has not been 
carried out. 

About two years ago R. A. Helliwell 
of the Radioscience Laboratory at 

Stanford University proposed to the 
Canadian Defence Research Board's 
Pacific Naval Laboratory, with which I 
am associated, that we co-operate in an 
experiment at Byrd Station in Antarctica 
and its conjugate point in Canada. The 
Pacific Naval Laboratory welcomed the 
proposal as affording us an opportunity 
we had long discussed: to obtain simul
taneous high-latitude conjugate meas
urements below the frequency range of 
whistlers. The mouth of the Great Whale 
River, where it empties into Hudson Bay, 
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SIMULTANEOUS ENHANCEMENT in oscillations of the earth's 

magnetic field appears on I'ecords covering 14 minutes at the con· 

SERIES OF SPIKES appear together on magnetic records at Great 

Whale (top) and Byrd (bottom). They seem to come from multi· 
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jugate·point stations-Great Whale River in Canada (lOp), and Byrd 

in Antarctica (bottom). Oscillations are of several seconds' period. 

pIe Aashes of intense lightning and could travel through earth· 
ionosphere cavity, possibly guided by earth's magnetic field. 
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was selected as the northern conjugate 
pOint. The Pacific Naval Laboratory also 
installed equipment at Fort Churchill, 
which is close to the auroral zone and 
about 1,000 kilometers west of Great 
Whale, but this turned out to be an ex
tremely noisy site. Our various receivers 
were designed to cover the range of 
electromagnetic waves between 22,000 
cycles per second and 1/300 cycle per 
second (corresponding to a period of five 
minutes). The long-period waves below 
about three seconds' period (113 cycle 
per second) fall into the range of geo
magnetic micropulsations, named for 
their very small amplitude or energy [see 
"The Longest Electromagnetic Waves," 
by James R. Heirtzler; SCIENTIFIC 
AMERICAN, March]. These are detected 
as disturbances in the earth's magnetic 
Jield. The preliminary records at Byrd 
and Great Whale show a number of 
micropulsation events occurring almost 

.simultaneously. This indicates that they 
are directed by, or are at least closely 
.associated with, the magnetic-field line 
that joins the two stations. 

A little below the whistler range, 
-however, waves from lightning strokes 
110 longer travel along magnetic-field 
-lines. Instead they move through the 
"earth-ionosphere cavity," the region 
between the surface of the earth and the 
-reflecting layers of the ionosphere. This 
is shown in part by the fact that the 
waves propagate only in certain modes, 
the first three of which are in frequency 
bands centered around 8, 14 and 19 
-cycles per second [see illustration 011 
this page]. The cavity resonates at these 
Jrequencies and acts as a wave guide 
in transmitting the disturbance from a 
1ightning source to the recording site. 

In this frequency range between 
whistlers and geomagnetic micropulsa
tions our records also show some much 
larger high-amplitude spikes arriving 
:simultaneously at both stations [see bot
tom illustmtion on opposite page]. Re
-cent analysis of some of the records indi-
-cates that larger spikes may well come 
Jrom multiple flashes of lightning of high 
intensity. Apparently the spikes travel 
through the earth-ionosphere cavity, but 
-even there the guiding effect of the mag-
11etic field may be important. To deter
mine this, observations should be made 
.at other places. 

Below the lightning-induced frequen
cies is a sort of no man's land, extending 
from approximately five cycles per sec
ond to about 1/3 cycle per second. It 
seems generally to be avoided by both 
the geomagnetic micro pulsation activity 
and the electrical-storm regime, but it is 

invaded from both sides during general 
magnetic or local electrical storms. Nor
mally the background activity at Byrd 
and Great Whale in this region is barelv 
perceptible: about a hundred-millionth 
the amplitude of the earth's magnetic 
field. Occasionally mysterious strong 
signals at about one cycle per second 
show up. 

In the geomagnetic micropulsation 
range some of the waves seem to travel 
along the magnetic field lines and some 
do not. The longer-period disturbances 
are of especially large amplitude in the 
auroral zones. This indicates that thev 
are propagated parallel to the field 

lines. The shorter-period waves do not 
show such enhanced amplitude in the 
auroral zones and so are probably propa
gated at large angles to the lines of 
force of the magnetic field. 

Several times during the earl v part 
of the conjugate-point experiment we 
picked up, almost simultaneously, bursts 
of micropulsations two to eight minutes 
long. They came just after the time of 
day normally free from disturbances, 
and they were recorded at Fort Church
ill also, but usually not simultaneously. 
We suspect that they were associated 
with auroras, since an aurora was re
ported at the time from Great Whale. 
Byrd Station, however, was in continu
ous daylight, and the aurora, if any, was 
not visible there. The experiment has 
been continued into the Antarctic win
ter. When the more recent records from 
Byrd Station have been analyzed, the 
question may be definitely settled. It is 
particularly interesting that these brief 
events favor the hours of 2 a.m. to 4 a.m. 

(Greenwich Mean Time) at both sta
tions. 

To someone whose experience in Ant
arctic research goes back to the days 
of Scott and Shackleton, the progress 
that has been made in transport and in 
instruments is staggering. It is quite an 
experience to fly up the Beardmore 
Glacier toward the Pole in a couple of 
hours, while remembering the two 
months of hard sledging that the journey 
once required. Fifty years ago a gravity 
reading took us five hours of observation 
daily for three days, not to mention the 
nightly star observations to correct our 
chronometers. Today the whole affair is 
accomplished in five minutes. 

yet this verv progress raises a further 
challenge. New approaches and new 

techniques are needed to exploit fully 
the opportunities for research in the Ant
arctic. At present it is not easy to in
troduce them. During the winter the 
Antarctic is cut off from the rest of 
the world by lack of transportation. The 
opportunities for trying new things are 
limited by the equipment one has at 
hand or can make up from the scant local 
resources. Thus the testing of a new 
idea usually has to wait for a year at 
least, and not everyone hi!§ that much 
time to spend. The only cure would seem 
to be an uninterrupted system of air 
transport during the winter between 
McMurdo Station and the permanent 
stations at Byrd and elsewhere. At the 
same time the facilities at McMurdo 
should be expanded to make possible 
the design and building of new equip
ment there. 
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TIME (MINUTES) 

RESONANCE BANDS of cavity between earth and ionosphere are at about 8, 14 and 19 
cycles per second in simultaneous recordings from Great Whale (left) and Byrd stations. 

Heavy line at 20 cycles in the Great Whale record is due to local interference. These pulsa

tions did not travel along a magnetic line of force, although lightning caused them. 
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The Antarctic and the Weather 
By dissipating heat into 

the earth's heat budget. 

space, the Arctic and Antarctic balance 

Unlike the Arctic, the Antarctic seldom 

gives rise to sharp changes in temperature in the middle latitudes 

It is a familiar observation that climate 
around the world is largely deter
mined by latitude, proximity to the 

great oceans and the topography of the 
land mass. Similar climates are therefore 
found in many different places. The cli
mate of the Antarctic, however, is 
unique. Except for latitude, the Antarc
tic is the antithesis of the Arctic. The 
Arctic is almost entirely ocean with a 
perimeter of land; the Antarctic is almost 
entirely land with a perimeter of ocean. 

Both regions, however, serve the same 
thermodynamic function in keeping the 
world's heat budget in balance. This 
function is to accept huge quantities of 
heat, transported poleward by the at
mosphere and oceans, and to dissipate 
the heat into space in the form of long
wave radiation. All bodies not at abso
lute zero radiate heat, and the radiation 
intensity is proportional to the fourth 
power of the absolute temperature. For 
purposes of heat dissipation, therefore, a 
large, cool radiator can be just as effec
tive as a small, hot one-and the Antarc
tic, by any definition, is huge. 

One way to define the Antarctic is to 
characterize a polar climate as one in 
which there is either perpetual snow and 
ice or one in which it is too cold for trees 
to grow, meaning that the warmest 
month is below 10 degrees centigrade 
(50 degrees Fahrenheit). According to 
this definition the Antarctic polar cli
mate covers about three times the area of 
its Arctic counterpart. The principal ex
planation for this is that the ocean sur
rounding the Antarctic readily transfers 
the incoming solar heat to deeper waters, 
thereby maintaining a fairly uniform sur
face temperature and effectively mini
mizing the heating of the atmosphere by 
the water in summer. In contrast, when 
the sun's radiation strikes the land 
around the perimeter of the Arctic, the 
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heat is taken up within a few feet of 
the surface, raising its temperature and 
that of the air above. 

Before the International Geophysical 
Year meteorologists had little firm knowl
edge of Antarctic conditions. They did 
not know, for example, exactly how much 
solar energy reached the Antarctic snow 
surface. They even lacked information 
about air temperatures over most of the 
continent. As data collected over the 
past six years have been analyzed, a 
number of unsuspected features of the 
Antarctic weather have come to light. 
They are concerned chiefly with the heat 
budget, with the short-period and sea
sonal temperature fluctuations, with the 
patterns of atmospheric circulation and 
with seasonal changes in the ozone con
tent of the atmosphere. 

The Antarctic atmosphere is almost 
free of dust and other pollutants. More 
significantly for the climate, the atmos
phere contains only about a tenth the 
concentration of water vapor found at 
temperate latitudes. The water vapor 
content is low simply because very cold 
air cannot hold much moisture. As a re
sult most of the Antarctic receives no 
more precipitation than a desert does. 
Also because of the low water vapor con
tent, the Antarctic atmosphere is rela
tively transparent to long-wave heat 
radiation. Except in a narrow portion of 
the infrared spectrum, atmospheric water 
vapor strongly absorbs long-wave radia
tion originating at the earth's surface 
and reradiates much of it back to the 
surface. Lacking a heavy protective 
blanket of water vapor, the Antarctic 
readily radiates heat energy into space. 
The relation between atmospheric tem
perature and water vapor content is mu
tually reinforcing. Arctic air, being gen
erally warmer than Antarctic air, holds 
more water vapor and therefore captures 

more of the heat radiating from the 
ground (or water) below. 

Because the earth is at perihelion 
(nearest the sun) during the Antarctic 
summer, about 7 per cent more solar 
energy reaches the top of the Antarctic 
atmosphere in midsummer (December) 
than reaches the top of the Arctic atmos
phere in midsummer (June). Moreover, 
because of the elevation of the south 
polar plateau the sun's rays have about 
30 per cent less mass of air to traverse 
than radiation reaching the North Pole 
and are therefore less attenuated by scat
tering and reflection. At the South Pole 
in the midsummer month of December 
about 36,000 calories per square centi
meter reach the top of the atmosphere 
[see illllstmtion on page 90). After al
lowing for atmospheric absorption and 
cloudiness, about 79 per cent of this radi
ation, or 28,500 calories per square centi
meter, reaches the snow surface. About 
76 per cent of the incoming radiation is 
immediately reflected back into space, 
leaving some 6,900 calories per square 
centimeter to warm the snow. Compara
ble measurements made on the Arctic 
ice island T3, floating within five de
grees of the North Pole in the Arctic 
summer, show that about 22,000 calories 
per square centimeter reach the ice sur
face and, after reflection, only about 
5,900 calories are left for warming each 
square centimeter of ice. 

If only the solar input were involved, 
one would expect the Arctic basin to 
be colder in midsummer-and hence 
throughout the year-than the South 
Pole. But this is not the case. Monthly 
mean temperatures at the South Pole 
range from - 25 to - 62 degrees C. 
(- 13 to - 80 degrees F.), whereas in 
the Arctic basin the range is only from 
about 0 to - 35 degrees C. (+ 32 to 
- 31 degrees F.) . 
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SUNDOGS, or parhelia, often appear as bright spots of color on 

the vivid balos surrounding the Antarctic sun. The halos are formed 

WAVE CLOUDS form downwind from Mount Erebus, the only ac· 
tive volcano in the Antarctic. The presence of such clouds shows 

by ice crystals in the atmosphere. The photograpb was made by 

Emil Schulthess near the South Pole during the Antarctic summer. 

that the wind is steady and that it bas been set in undulant motion 

by passing over the mountain. Picture was made by the author. 
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MIDSUMMER SUN was photographed at the South Pole with a 
180·degree "fish eye" camera pointed at the zenith. The horizon 

forms a 360·degree frame around the picture. The exposure began 

at 8:41 a.m. Greenwich Mean Time on December 29 and ended 18Jf 

hours later at 3 :15 a.m. the next day. The picture, made just a week 
after the summer solstice, is oriented with noon at the top and mid· 

night at bottom. Tbe camera that made the picture was built by 

Schulthess and used by Robert D. Favreau, an Air Force navigator. 
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The explanation for the higher tem
peratures in the Arctic is the greater 
north-south exchange of air and the 
moderating influence of the Arctic 
Ocean, which seldom lies more than five 
meters below the ice surface. Since sea 
water has to be warmer than - 1.9 de
grees C. to remain unfrozen, the ocean 
provides a vast reservoir of heat all year 
long. This heat passes through the ice 
and warms the atmosphere. In the Arctic 
basin in winter (September through 
April) there is a net upward flow of 
thermal energy from ocean to atmos
phere of about 7,670 calories per syuare 
centimeter. At the South Pole, in con
trast, the net upward flow of heat during 
the winter is onlv 1,300 calories per 
square centimeter. This represents heat 
that has been stored in the upper 10 
meters of snow during the summer, when 
the snow temperature rises about 20 de
grees C. above its wintertime low. 

If one considers only the exchange of 
long-wave heat radiation (rather than 
total heat flux) between snow and at
mosphere, the atmosphere provides twice 
as much heat to the snow surface in win
ter as it does in summer. This is because 
the air generally is warmer than the snow 
surface in winter, whereas the air-snow 
temperature difference is greatly re
duced or even reversed in summer. Con
versely, the loss of surface heat through 
long-wave radiation in summer is twice 
as large as the loss in winter. In winter 
there is usually a strong temperature 
inversion in the lower atmosphere over 
the South Pole. This means that the air 
temperature rises with increasing alti
tude instead of falling, as it normally 
does. Consequently the air at an altitude 
of several hundred meters in winter is 
wanner than the snow, with the result 
that more long-wave heat radiation 
passes from the air to the snow than 
passes from the snow to the air. In the 
summer, as the snow warms up and the 
temperature inversion disappears, the 
snow is often warmer than the atmos
phere and the net flow of long-wave 
radiation is reversed. 

If one considers the over-all heat bal
ance of the top 10 meters of Antarctic 
snow, it is evident that the inflow and 
outflow for the full year must be in very 
close balance; otherwise the Antarctic 
would gradually become warmer or cold
er. Except for a brief period in summer, 
when the surface is heated by the sun 
and the net heat flux is downward, the 
polar region radiates more energy than 
it receives, so that it has a net radiative 
loss over the year [see bottom illustra
tion on page 93]. For the year as a whole 

V AST CYCLONE in the South Atlantic, photographed by the meteorological satellite Tiros 
IV on May 18, 1962, is typical of the great storm systems, recognizable from their swirling 

cloud patterns, that "ventilate" the Antarctic. These storms transport heat and moisture 
from lower latitudes, where there is a surplus of solar radiation, to the Antarctic, where 
there is an annual deficit. The area covered by the Tiros photograph is shown on the map. 
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WINTER STORM TRACKS, plotted schematically for the surfa('e, swirl around the AllImTtic 

and move inland most readily where continental elevation is lowest. Shading indicates surface 
elevation in 600·meter steps. The storm tracks were charted for August, 1958, at IGY Weather 

Central by Jan AIt of France, Pavel Astapenko of the U.S.S.R. and Nicholas Ropar of the U.S. 

MEAN TEMPERATURES corre· 

late closely with latitude and eleva· 

tion. The values are a composite 
of surfat'e air telnperall1reS and 

the region poleward of about 37 degrees 
latitude also has a negative radiation 
budget. This loss is made up by warm 
air and water vapor carried poleward 
from the region between 37 degrees 
north and 37 degrees south, which has 
a positive radiation budget. This form of 
heat transport is called advection. vVhen 
warm air passes over a cooler surface, in 
addition to radiational exchange, energy 
is transferred by direct conduction, pro
moted by the turbulent flow of the air; 
the process is called eddy heat Hux. If 
the advection is insufficient to overcome 
the loss by radiation, the surface tem
perature falls; if it exceeds the radiative 
loss, the temperature rises. It is this in
terplay of radiation, advection and eddy 
flux that causes the temperature fluc
tuations even in the dead of winter over 
the south polar plateau, just as it does 
elsewhere in the world. 

The net loss of radiant energy through 
the top of the Antarctic atmosphere can
not yet be accurately measured, but 
enough data have now been gathered to 
estimate within reasonable limits the 
amount of advected energy that must 
flow into the Antarctic to balance the 
radiative loss. The warm inflowing ;iir 
carries energy in two forms: "'sensible" 
heat, the kind of heat that is sensed by a 
thermometer and that is made available 
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when a lllass of any kind is simpl\' cooled 
from a higher to a lower temperature; 
and "latent" heat, which represents the 
heat released when a vapor condenses to 
a li<juid without a change in tempera
ture, or when a liquid freezes into a 
solid of the same temperature. In the at
mosphere enormous amounts of latent 
heat are released when water vapor 
turns into rain or snow. 

The sensible heat carried into the 
Antarctic by winds can be computed 
(iuite well from wind and temperature 
vertical soundings made at a network of 
stations around the peripherv of the 
Antarctic. The sensible heat inflow 
comes to about U.5 X 10�1 (U5 fol
lowed by 20 zeros) calories per year. 

The latent heat inflow could be COlll
puted accurately if one knew the annual 
precipitation over all of Antarctica. The 
precipitation has now been estimated in 
two different ways, which show reason
able agreement. The first method COlll
bines direct llleasurement of annual 
snowfall, using arrays of stakes as snow 
gauges, and estimates of past snow ac
cumulation based on the thickness of 
snow layers measured in pits dug two 
meters or more deep. This method indi
cates an annual snow accumulation 
equivalent in depth to 14.5 centimeters 
of water. To this must be added an esti-

mate for losses due to snow drifting, sur
face melting and evaporation, wh ich 
together raise the total annual precipi
tation to an etjuivalent of between 14.6 
and 19.2 centimeters of water. 

The second method of estimating pre
cipitation is based on an estimate of the 
total amount of ice and snow that leaves 
the Antarctic every vear in all forms. 
These losses include the melting and 
"calving" of ice shelves, the continental 
ice sheet and glaciers at the coastal 
peripherv, as well as the snow driven 
off the continent and out to sea by the 
wind. Other losses result from surface
melting runoff and evaporation inland. 
The aggregate losses, summarized in 
the table on page 93, indicate an an
nual precipitation etjuivalent to between 
10.8 and 16.6 centimeters of water. 

The total inflow of latent heat com
puted from the highest and lowest of 
the precipitation estimates is between 
1 X UFn and 1.8 X 10�1 calories per 
vear. Combining the average of these 
values with the much larger amount of 
sensible heat carried into the Antarctic 
bv the winds indicates an annual heat in
A�w of about 13 X 1021 calories per 
year. This is about 7,000 times more en
ergy than is represented by the world's 
total annual production of electricitv. It 
will be interesting to see if these heat 
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those 10 meters below the surface, 

which are constant the year round. 

Minus 55 degrees centigrade is 
equal to -67 degrees Fahrenheit. 

ANNUAL ACCUMULATION OF PRECIPITATION, expressed as water equivalent in centi· 
meters, is shown for the Antarctic, excluding the Antarctic Peninsula. The mean value for the 

whole continent is about 14.5 centimeters. If account is taken of various losses, such as snow 
drifting off tbe continent, the precipitation may amount to as much as 19.2 centimeters of water. 

inAow estimates agree with the radiation 
loss measurements that should be avail
able in the next veal' or so from Ni'mbus, 
the weather sat�llite that will bc placed 
in polar orbit. 

'l'he surface temperature in the Ant-
arctic is largely controlled by lati

tude and altitude [see bottom ilIustra
tioll all this page l. For example, the an
nual mean temperature at the South 
Pole, 2,800 meters (9,200 feet) above 
sea level, is - 51 degrees C. On the 
polar plateau about 1,600 kilometers 
(1,000 miles) away and some 3,400 
meters (11,200 feet) above sea level, 
site of the Soviet base of Vostok, tem
peratures average about five degrees 
less, the lowest on earth. These extreme 
temperatures result from the low humid
ity, the long hours of darkness, the weak 
transport of heat from lower latitudes 
and, finally, the intense radiation loss at 
the snow surface due to the clear skies 
and low humidity. 

In three successive winters (1958, 
1959 and 1960) at Vostok Station the 
lowest recorded temperatures were: 
-87.4 degrees C. on August 25, - 85.7 
on August 23-24 and -88.3 on August 
24. (The lowest of these figures is equiv
alent to -127 degrees F.) At Vostok 
the sun comes above the horizon after 

the long winter night on August 22 or 
23. Therefore the minimum temperature 
occurred each year within one or two 
days after the sun had come up. 

The annual range of mean monthly 
temperature is greatest (more than 30 
degrees C.) at the interior stations and 
least (less than 20 degrees C.) at the 
coastal stations [see top illustratiol1 all 

page 91l. At the high-altitude stations 
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deep in the interior the major drop in 
temperature is largelv completed by the 
time the sun has set for the winter. This 
is the "corel€ss winter" phenomenon. It 
is observed at all Antarctic stations and 
also in the Arctic. 

A striking feature of Antarctic weath
er is the prevalence of strong, steady 
downslope winds along the coast. 
Known as katabatic winds, they are 
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TEMPERATURE DETERMINANTS in the Antarctic are elevation above sea level and 

latitude. The colored line shows the elevation from the coast to the South Pole as measured 

between 93 and 107 degrees east longitude. Broken line is the annual mean air temperature 

at several stations. Solid line is the constant temperature recorded below the snow surface. 
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roughly proportional in strength to the 
steepness of the continental slope. For 
a moderate slope a typical wind speed is 
20 knots. The strong radiational cooling 
of the surface air forms a shallow layer 
of cold air that flows downward in a uni
form stream, rarely changing direction 
more than 30 degrees throughout the 
year. Katabatic winds are often only a 
few hundred meters in depth and flow 
smoothly until a critical velocity is 
reached, when they go suddenlv into 
a "hydraulic jump," characterized by 
strong gustiness. The jumps appear sud
denly and are responsible for the brief 
localized Antarctic "blizzards," during 
which no snow actually falls and there 
may even be clear skies above. In the 
interior of the continent milder kata
batic winds give rise to fascinating rip-
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pled snowdrift patterns called sastrugi. 
Y1easurements of the ozone content 

of the Antarctic atmosphere have turned 
out to be of particular interest to 
meteorologists. Ozone is formed in the 
stratosphere by a two-step process. A 
lluantum of far-ultraviolet radiation from 
the sun first dissociates the oxygen mole
cule into its own two constituent atoms. 
One atom of oxygen (0) then reacts 
with a molecule of oxygen (02) to form 
ozone (0:1)' The significance of ozone 
for life on earth is that it strongly absorbs 
practically all the sun's near-ultraviolet 
radia tion, and in the process ozone is 
decomposed into atomic and molecular 
oxygen. The rates of the reactions are 
such that sunlight produces a constant 
layer of ozone with maximum concentra
tion at a distance of between 15 and 
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20 kilometers above the earth's surface 
in Antarctica. Expressed as a fraction 
of the total atmosphere, ozone is only a 
few parts per million. 

Once the sun sets in the Arctic or the 
Antarctic, no more ozone is generated in 
the stratosphere; the amount present 
tends to maintain itself, unless ozone is 
carried in or out by the winds. Therefore 
a comparison of the wintertime ozone 
content of the Arctic and Antarctic at
mosphere could provide a measure of the 
strength of the meridional (north-south) 
circulation, other factors being equal. 
On the basis of preliminary measure
ments it appears that the Antarctic strat
osphere contains less ozone than the 
Arctic stratosphere, indicating a weaker 
meridional flow in the Southern Hemi
sphere than in the Northern Hemisphere. 
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SOLAR RADIATION at the South Pole falls far short of balancing clear· (8), average value of radiation reaching the surface (C) , 

radiation reflected by the snow (D), net radiation absorbed or 
given off by the snow (E). Only for about two months in midsum· 

mer (November and December) does the south polar snow col· 

lect more energy from the sun than it radiates into space. The an
nual deficit is made good by atmospheric heat from lower latitudes. 

the annual quantity of long.wave radiation leaving the snow sur. 

face. Tbe diagram at left shows the various radiation components 

plotted in the five curves at the right. The curves represent: the 
theoretical value of solar radiation reaching the top of the at· 

mosphere (A), radiation received at the surface when the sky is 
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Supporting evidence is fuund in strato
spheric temperatures. In the Antarctic 
they fall steadily after sunset, reaching 
a minimum at the very end of winter. 
In the Arctic sharp rises in stratospheric 
temperature are noted even in midwin
ter, indicating the arrival of warm air 
from lower latitudes. 

It is more difficult to account for the 
seasonal variation in surface ozone over 
the Antarctic. Again on the basis of lim
ited data, it appears that ozone in the 
lower atmosphere reaches a maximum 
during winter, with highest values along 
the coast. For example, surface ozone 
at Little America ranges from a monthly 
average of about 15 micrograms per cu
bic meter in the summer to a maximum 
of 60 micrograms in the winter. The 
average annual value of 43 micrograms 
per cubic meter is about 25 per cent 
higher than the average value for North 
America. At the South Pole the surface 
ozone seems to be only about half of the 
value at Little America. 

One hypothesis (put forward by the 
late Harry Wexler, W. B. Moreland and 
W. S. Weyant of the U.S. Weather 
Bureau) suggests that ozone-rich strato
spheric air from equatorial regions is car
ried into the troposphere through what 
is called the mid-latitude tropopause 
break [see illustration on page 94]. Sub
sequently the ozone is carried across the 
Southern Ocean, which surrounds the 
Antarctic, by the vigorous winter storms 
that move around and into the continent. 
Once the ozone-bearing air masses pene
trate the Antarctic they are cooled, 
whereupon they sink and are carried 
northward again in a thin surface layer. 

Another possibility that has occurred 
to me is that some of the surface ozone 
is formed locally over the continent by 
static electricity generated in the dry 
air during the wintertime Antarctic bliz
zards. Like the first hypothesis, this one 
is consistent with evidence that winds 
blowing out of the continent along the 
coast contain more ozone than winds 
blowing from the ocean. 

� might be expected, the temperature 
cycle of the Antarctic stratosphere 

differs from that of the surface, where 
the coldest day of the year in the interior 
tends to fall a day or so after the return 
of the sun. In the stratosphere the warm
ing begins a few weeks before the sun 
comes up and reaches its maximum be
fore the sun is at maximum elevation. 
The details of the stratospheric warm
ing have been different in each of the 
six years of Antarctic records. Generally, 
however, two basic patterns can be dis
cerned [see bottom illustration at right]. 
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MONTHLY MEAN TEMPERATURES 

MEAN MONTHLY TEMPERATURES at the surface, in the mid·troposphere (five kilome· 
tel's) and in the stratosphere (15 kilometers) are plotted for Wilkes Station, on the Ant· 
arctic coast, and for South Pole. Note constancy of winter surface temperature at the Pole. 

TEN· DAY MEAN STRATOSPHERIC TEMPERATURES 

STRATOSPHERE TEMPERATURES atl0-day intervals at the South Pole in 1957 and 1958 
show two characteristic types of springtime warming. In 1957 the temperature reached an 
early peak, then dropped. The data in the chart were plotted by Ropar and Thomas Grar 

9 1  
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MIDWINTER CIRCULATION in the Antarctic stratosphere is 

characterized by a low·pressure center over the Pole and strong 

zonal westerly winds. The chart is for July 14-16, 1958, and shows 

the altitude, iu meters, of the 50·millibar constant·pressure level. 

EARLY SUMMER CIRCULATION (November 21, 1957) shows 

that the winter low has been replaced by a high, evidence that the 

sun has returned and that stratospberic warming is nearly com· 

pleted. This chart and two above were prepared by Ropar and Gray. 

92 

EARLY SPRING CIRCULATION (October 24-26, 1958) shows 

the low centered over the high continental plateau. The shift ac· 

companies the first phase of spring warming. The close spacing 
of altitude lines indicates a continuation of strong westerlies. 

WINTER CIRCULATION in mid·troposphere (about five kilo· 

meters above the surface) shows a more complicated pattern than 
that in the stratosphere. This is an average plot of the 500·millibar 

surface for August, 1958, made by AIt, Astapenko and Ropar. 

© 1962 SCIENTIFIC AMERICAN, INC



One pattern is a rapid rise to an early 
temperature maximum, followed by a 
return to normal summer levels. The 
second pattern is a slower and steady 
rise to summer levels. The year-to-year 
variation shows that the return of the 
sun is not the only factor at work. Also 
involved is the general redistribution of 
the hemispheric air mass and heat 
through horizontal and vertical motions 
of the atmosphere. 

The variation in stratospheric warm
ing appears to be tied most closely to 
variations in the circulation of the strato
sphere itself. In the winter a strong cy
clonic vortex (which moves clockwise 
in the Southern Hemisphere) forms in 
the stratosphere and persists until early 
spring [see top illustrations on opposite 
page J. The vortex is generated by the 
strong north-south temperature gradi
ent, which causes air masses in the direc
tion of the South Pole-or in the di
rection of the high polar plateau-to be 
progressively denser. In effect the lines 
of equal density in the atmosphere form 
a bowl over the continent, high at the 
perimeter and low at the center. As the 
air in the bowl begins to flow toward 
the center it is impelled eastward 
(clockwise) by the rotation of the earth, 
creating a cyclonic vortex. The broad 
belt of zonal westerlies reaches a veloc
ity of 200 knots in the core of the polar 
jet stream, which extends upward to the 
limit of balloon soundings: 25 to 30 
kilometers. These strong winter wester
lies inhibit exchange of air with the rest 
of the Southern Hemisphere and help 
to bring about steadily falling tempera
tures, which, in turn, help to maintain 
the vortex. This is the classic model of a 
hemispheric circulation: a cold central 
core and relatively smooth temperature 
gradient running outward to the Equa
tor. In the spring the warming pattern of 
the Antarctic stratosphere is influenced 
by the varied movement of the vortex 
and of the jet stream embedded in it. 
vVith the arrival of the sun the zonal 
westerlies weaken and allow a greater 
influx of warm air from lower latitudes. 

'r he circulation in the Antarctic strato-
. sphere is markedly different from 

that in the Arctic. There the cyclonic 
vortex often breaks down even in mid
winter, allowing cold air masses to pour 
south into Canada, Europe and Asia; at 
the same time warm air pushes north 
into the Arctic. It is tempting to assign 
the instabilit\· of the Arctic vortex to 
surface geographical features. The cold 
continental masses in the Northern 
Hemisphere surround a relatively warm 
ocean and are interspersed with other 
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ANNUAL ANTARCTIC PRECI PITATION can be est:mated by assuming that snowfall is 

in annual balance with the amount of ice lost from the continent. The first two column,; 
differ chiefly in the estimate of snow lost from the continent by drifting. The major loss is 

"calving" of the great ice shelves. The third and fourth columns indicate the amount 
of latent heat that must be released in the atmosphere when water vapor condenses and 
freezes to produce the amount of ice (in the form of snow) shown in the first two columns. 

Th e last two columns show the annual precipitation needed to match the ice·mass loss. 
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EARTH'S HEAT BUDGET calls for a balance hetween incoming solar radiation and out· 
going long·wave radiation. Between 37 degrees north and south of the Equator there is a 
surplus of income over outgo. Poleward from 37 degrees north and from 37 degrees south 
there is a deficit. The atmosphere and oceans carry heat from regions of surplus to regions 

of defidt. The chart uses data of H. G. Houghton of Massachusetts Institute of Teehnology. 

93 

© 1962 SCIENTIFIC AMERICAN, INC



relatively warm oceans, which combine 
to upset the north-south temperature 
gradient needed to support a strong 
zonal circulation. 

In the troposphere of the Southern 
Hemisphere a zonal circulation also pre
dominates in winter [ see illustration at 
bottom right on page 92] . The strength 
of the westerlies in the Southern Hemi
sphere is considerably greater than that 
of the Northern Hemisphere, and signifi
cantly less meridional exchange takes 
place across the broad stretches of ocean. 
Outbreaks of polar air do occur, how
ever, when the large-scale circulation 
becomes "turbulent." Sub-Antarctic and 
Antarctic air on occasion has been 
known to reach southern Brazil, South 
Africa and southern Australia. 

Compared with the Northern Hemi
sphere, however, there are fewer out
breaks of cold air that penetrate to low 
latitudes and fewer incursions of warm 
air into the high latitudes. The Southern 
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Hemisphere's lack of continental masses 
extending from polar to temperate and 
tropical latitudes is one reason for the 
difference. The meridional exchange of 
heat that is effected through these mo
tions in the atmosphere-and by the 
transport within the oceans-tends to 
keep the heat budget in balance over 
the whole earth. 

In the southern troposphere large 
cyclonic storm systems form over the 
ocean, moving generally from west to 
east and southward toward the Antarc
tic [see illustration on page 88] . Some 
of the storms move across Antarctica 
from the Ross Sea to the Weddell Sea, as 
well as in the opposite direction. Some 
are blocked by anticyclonic ridges in the 
atmosphere, and practically none move 
onto the high central core of the Antarc
tic. It is these cyclonic storm systems, 
which are a significant part of the gen
eral circulation, that "ventilate" Antarc
tica and transport heat and moisture into 
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the continent. Wherever the storm tracks 
move in from the sea the regions below 
will tend to have heavier snowfall than 
regions where the tracks move outward 
from the interior. Numerous but short
lived cyclonic systems in the lower lay
ers of the atmosphere tend to form 
around the edge of the continent, but 
they do not contribute significantly to the 
large-scale north-south exchange of heat 
and moisture. 

Much work still remains to be done 
before meteorologists can claim to have 
a comprehensive understanding of the 
role the Antarctic plays in the climate of 
the planet. In the years to come much 
should be learned from new research 
vessels such as the National Science 
Foundation's Eltanin , from an expansion 
of the radiosonde and radiometersonde 
networks, from constant-level balloon 
observations, from air-borne determina
tions of ice and surface reflectivity and 
from polar-orbiting satel lites. 
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O ZONE TRANSPORT SCHEME has been proposed to account 

for the unexpectedly high ozone values found in the lower Ant
arctic atmosphere during the winter. Ozone formed in the sunlit 

stratosphere is transported to lower altitudes and higher latitudes 
through a gap in the tropopause associated with the mid-latitude 

jet stream. (The tropopanse is the boundary between troposphere 

and stratosphere.) The ozone-rich air is swept into the Antarctic 

circulation, where it is finally carried off the continent in a shallow 
surface layer. This explanation is by the late Harry Wexler, 

W. B. Moreland and W. S. Weyant of the U.S. Weather Bureau. 
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I �@@lIDlli reports on : I 
a fish a nesthetic . . .  what finance expects of electronics • • •  a motion pictu re to move' bosses 

What a screening program can turn up 
T h e s e  p e r c h  a r e  
asleep. One of them 
is breathing 57 times 
a m i n u t e  a n d  t h e 
other 80. The water 
in which they are 
s l e e p i n g  c o n t a i n s  
Quinaldine (EAST
MAN P2 1 6) and is at 75°F. We started at 5 p.p.m. with the 
slower-breathing fish. When he was still awake after 25 min
utes, we brought the quinaldine level up to 7.4 p.p.m. and 
introduced the second fish. Within 10 minutes they were 
both asleep. 

They have been sleeping for 4 hours. When we rap the tank, 
they make short,  vigorous darts and Goze off again.  They seem 
l imp when handled gently. 

As soon as the picture was snapped, we put them in fresh 
water. Within one minute they were swimming smartly. With
in 10 minutes they calmed down into the normal upright 
pos ition. What they would have eventually died of if returned 
to the lake, how many healthy descendants they would have 
spawned, and whether they would have been good to eat we 
do not know. 

We were a l ittle surprised to learn that Bruce Muench of the 
Illinois Department of Conservation has found that such a 
relatively simple and cheap compound as quinaldine anesthe
tizes fish with no evidence of damage ; but then chloroform, 
which is known to anesthetize people, is even simpler. 

We don't consider this particularly entertaining and will drag our 
feet about filling orders for quinaldine from home addresses. People 
like mosquito-abatement officials who have fish to transport can get 
prompt service from Distillation Products Industries, Rochester 3, 
N. Y. (Division of Eastman Kodak Company), which also gives quali
fied investigators prompt service with some 3900 other EASTMAN 
Organic Chemicals. 

How to fabricate photographically 
"Photography provides a quick, easy, and reproducible system 
of weight control," says a new data book of ours, illustrating 
the perils in out-of-context quotations. The weight control it 
talks about has nothing to do with embonpoint, and the 
photography isn't even based on s ilver halide. It is based on 
the photosensitivity of certain monomers and on the chemical 
resistance that the resulting polymers have toward reagents as 
mighty as hydrofluoric acid and aqua regia. 

The growth of this branch of photography proves it was just 
what the space age was waiting for ;  the reduction in weight of 
the age's playthings without sacrifice of strength is but one aspect 
of photography's importance as the newer kind of fabrica
tion. The changes it has wrought in the whole art of electron
ics are now recognized in financial circles as profound. If it 
has gone that far, readers here addressed will have doubtless 
passed some time ago the stage of wonderment at it all . Never
theless ,  guidance on technique may still be badly needed. 

The new book doesn't so much guide as inform. (Let your 
conscience be your guide, assisted by a lawyer who closely 
follows the patent s ituation proliferating as a result of indus
try's heavy investment of brainpower in the field.  Most im
portant firms are reasonable about licenses.) The book brings 

together a lot of hot tips on preparing the many kinds of sub
strate, applying our various resists, preparing the coatings for 
exposure, developing them, choosing the proper etchants or 
electroforrning solutions for use with stainless steel, glass, gold, 
germanium, etc. As for the strictly photographic information 
contained, we offer suggestions for determining correct ex
posure, where "correct" means maximizing the tolerances i n  
all other steps of the process and has nothing t o  d o  with 
photography's traditional interest in tone reproduction. 

If you happen to know a Kodak Graphic Arts Dealer, call up and ask 
for the $1 data book, "Kodak Photosensitive Resistsfor Industry." We 
would milch appreciate your kindness in ordering it that way because 
we have just about all we can do answering specific questions. If you 
don't even know what a Kodak Graphic Arts Dealer is, send the dollar 
to Eastman Kodak Company, Graphic Arts Division, Rochester 4, 
N. Y. A t  least this will give us all opportunity to introduce you to 
the dealer. 

Huntley with rope 
Our principal business is the manufacture of photographic 
materials . Therefore we must tell the world that photography 
is very useful. The world, however, knows this already. When 
you tell somebody something he already knows, you run a risk 
of boring him. Fortunately, if he himself regards the message 
as a doctrine worth preaching, he will pay attention, wil l  
applaud, and wil l  help round up an audience. 

In this case, we assume that he has charge of photographic 
operations in  a businessl ike organization. We assume further 
that he is not lazy and would rather see those operations ex
pand than diminish. 

We have made him a 42-minute movie to show. Instead of 
spending all that time s inging paeans, the movie tries to stimu
late his colleagues and his bosses to think up functions for him 
that might not have occurred to them. 

Mr. Chet Huntley, no pae
an singer, narrates. We take 
you inside a cake being baked 
in Dayton. We puzzle you 
w i t h  a m o n s t r o u s  c a m e r a  
i nt e n d e d  t o  t a k e  pictures  
i n  Cincinnati without  per
spective. We show you how 
they test a new hydrofoil on 
Lake Washington and what 
nooks and crannies a camera 
can explore when fitted with 

fiber optics. We take you to lots of places, starting on a classy 
note with the hunt for anti-matter at Brookhaven. 

If we create the impression that the great l inear accelerator 
there is nothing but another camera accessory, do not con
clude that perspective is being shunned in Rochester as well as 
in Cincinnati. Historians of science differentiate between the 
"low technology" that civilizations evolve over the millenia for 
hewing the wood and drawing the water of everyday life and 
the "high technology" that is called into existence by the de
mands of pure science and then very kindly lowers a rope to 
haul up the "low technology." Maybe 1 520 feet of movie film 
narrated by Mr. Chet Huntley with music and color to dispel 
boredom is better than rope. 

To book a showing of "Photography at work . . .  a progress report " 
write Eastman Kodak Company, Professional Photographic Sales 
Division, Rochester 4, N. Y. 

This is another advertisement where Eastman Kodak Company probes at random for mutual 
interests and occasionally a little revenue from those whose work has something to do with science 
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I n  a few m i nutes he' l l  telephone the 

T h e  data he's  gath e r i n g  i s  of  l i tt l e  u s e  u n t i l  i t's  asse m b l ed,  i n teg rated w i t h  other data, a n d  

stu d i ed mathemat ica l ly. I BM's n ew fam i ly of  co m p u ters, t h e  7040 a n d  7044 Data P rocess

i n g  Syste ms, offe r a so lu t ion .  Yo u can u se I B M T E L E - P ROCESS I N G® Syste ms to co m m u n i- , 

cate with  them v ia  tel ephone, te legraph and p r ivate l i ne netwo rks. 

B u t  use with TELE-PROCESS I N G  Systems i s  j u st one exa m p l e  of ve rsati l i ty. The n ew 7040 
and 7044 offe r  a b road range of opt ions w h i c h  perm i t  yo u to match the system yo u choose 

to yo u r  own i n d iv idua l  co mput ing  req u i rements. 

Yo u r  I BM Rep resen tative ca n describe i n  deta i l  the  many opt iona l  featu res ava i l a b l e  i n cl ud

i n g  i n p u t/o utput  chan n e l s, co m b i n ati o n s  o f  i n p u t/o u tp u t  devi ces as we l l  as p rocess i n g  
u n i t  opt ions. 
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clata to a 7040 com puter 

I T h e  new I BM 7040 Data Process
n g  System for s c i e n t i fi c  c o m p u t i n g ,  
n a n a g e m e n t  s c i e n c e ,  and o t h e r  d a ta 
)rocess i n g  a p p l ica t i o n s .  Has  a bas ic  

n e m o ry cyc l e  of  8 m i c roseconds. 

• T h e  7044 Data P roces s i n g  Syste m 
has a 2 . 5  m i crosecond cyc l e .  Both  sys
tems have m e m o ry capac i t i e s  of 8,192, 
1 6,384, a n d  32,768 words.  The 7040 i s  

ava i l a b l e  w i th a 4,096 word m e m o ry. 

• An I B M 1 401 Data P rocess i n g  Sys· 
t e m  c a n  be c o n n e c t e d  o n - I  i n e  t(} 
e i t h e r  of t h e  two s y s te m s .  O t h e r  
d a t a  p rocess i n g  u n i ts c a n  be added i n  
b u i l d i n g  b l o c k  fash ion.  

DATA P R O C E S S I N G  
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The Thalidomide Syndrome: 1I 

In her article "The Thalidomide Syn
drome" [SCIENTIFIC AMERICAN, Au
gust] Helen B. Taussig of the Johns 

Hopkins School of Medicine remarked 
that a "lucky combination of circum
stances" had keptthalidomide-containing 
drugs off the u. S. market. In West Ger
many, England, Canada and other coun
tries where the drug had been on sale, it 
has caused crippling deformities in thou
sands of newborn infants and perhaps 
thousands more infants still unborn. The 
few cases of such births in the u. S. had 
all been traced to supplies of the drug 
procured by the patient or physician 
from sources abroad. It now appears, 
however, that samples of the drug from 
a domestic source, the Wm. S. Merrell 
Company of Cincinnati, have been in 
circulation in this country. 

Anthony J. Celebrezze, newly in
stalled as Secretary of Health, Education 
and Welfare, revealed that the drug 
company had distributed these samples 
to 1,248 physicians around the country 
for use in "clinical investigation." A sur
vey by Federal and local public health 
officers showed that at least 15,904 
patients, including 3,272 women of 
childbearing age, had received the drug 
from these physicians. None of the 207 
women known to be pregnant has yet 
been delivered of a deformed child. But 
since the drug was not recalled by the 
manufacturer until March and as many 
as 22,984 doses of the drug were found 
in the possession of 74 physicians as late 
as July, it is too early to say whether the 
clinical testing of the drug may not have 
caused additional cases of the syndrome. 

SCIENCE AN] 
Under its existing statutory authority 

the Food and Drug Administration 
moved to tighten controls over the 
clinical-testing procedures of the phar
maceutical industry. The new regula
tions-subject to amendment and not 
enforceable for 60 days-would empow
er the agency to halt a clinical trial on 
evidence that there is doubt as to the 
safety of a drug. 

In Congress sentiment revived in 
favor of the more stringent provisions for 
regulation of the drug industry con
tained in draft legislation sponsored 
earlier in the present session by Senator 
Estes Kefauver. The proposed legisla
tion would allow the Food and Drug 
Administration to remove a drug from 
the market on a finding that it posed a 
hazard to public health and not solely, 
as now provided, on the finding of "posi
tive evidence that it is harmful." 

Follow the Leader 

In the past 12 months the nuclear test-
ing game of follow-the-leader has 

loosed more megatons of nuclear energy 
than all the explosions in the entire 17-
year period since Alamogordo. The lat
est round began last September 1, when 
the U.S.S.R. broke the three-year test 
moratorium with a series of multimega
ton atmospheric explosions. The U.S. 
retaliated first with a series of small un
derground tests and then, beginning in 
April, with atmospheric tests. The U. S. 
series was drawing to a close when in 
early August the U.S. S.R. started up 
again with a test in the atmosphere. At 
Geneva meanwhile the U.S. reopened 
negotiation of a ban on further testing of 
nuclear weapons, citing a "considerable 
amount of new data" on the problem of 
detecting underground tests. 

U.S.- Soviet negotiations toward a test 
ban got under way in 1958, when sci
entists of the two nations drew up the 
specifications for the technical measures 
necessary to police such a ban. In par
ticular they agreed that a network of 
180 seismic stations would suffice to de
tect and identify any underground nu
clear explosion. Soon afterward U.S. 
investigators reported new data indicat
ing that the "Geneva network" would 
be inadequate for the identification of 
low-yield underground explosions or of 
larger shots concealed by detonation in 
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certain kinds of geological formation or 
in natural or man-made caverns. The 
U.S. called for reconsideration of the 
technical agreement, and negotiations 
bogged down for two years. 

The broad outlines of the present U.S. 
position were sketched by President 
Kennedy at his press conference on 
August 1. He said that "new technical 
assessments ... give promise that wc can 
work toward an internationally super
vised system of detection and verifica
tion for underground testing which will 
be simpler and more economical" than 
that contemplated in previous U.S. pro
posals. The system would call for fewer 
seismic stations (perhaps as few as 80) , 
would permit them to be manned by 
the nationals of the countries in which 
they are located and would require few
er on-site inspections by an international 
control agency. At Geneva these pro
posals brought the U.S. closer to the 
compromise position advanced by the 
eight neutral participants in the dis
armament conference. The first Soviet 
response was negative, but the negotia
tion of a test ban was under wav again. 

Portrait of Telstar 

T elstar, the remarkably successful ex-
perimental communication satellite 

sponsored by the Bell System and 
launched on July 10, is an impressive 
demonstration of the depth and facility 
of the electronics art. 

The 170-pound satellite, built by the 
Bell Telephone Laboratories, is 34)� 
inches in diameter and occupies an orbit 
inclined 45 degrees to the Equator, 
ranging in altitude from 579 to 3,454 
miles (within 50 miles of the intended 
orbit). Telstar uses 15 watts of energy 
supplied by 3,600 solar cells to operate 
electronic circuits containing 1,064 tran
sistors, 1,464 diodes and a single vacuum 
tube: a 2)�-watt traveling wave tube a 
foot long and a quarter-inch thick. The 
2,528 semiconductors were selected 
from 58,800 whose performance had 
been carefully observed for several 
months. More than 90 per cent of the 
semiconductors are employed in two 
radio receivers and two decoders (pro
vided in duplicate to ensure reliability) 
that are used for receiving command 
signals and for telemetering technical 
data from Telstar to earth. The techni-

New name for established competence in 
electrical propulsion / power conversion 

systems / and micro-ion beam technology 

A research and engineering organization with a new name ... 
reflecting its special area of competence in space technology. 

1011 Physics Corporation inherits an outstanding background in 
particle accelerator technology, ion source development and electro
statics from its parent, High Voltage Engineering. Practical accom
plishments of the Ion Physics team in the area of electric propulsion 
include the delivery of a mercury propellant ion engine to the 
Jet Propulsion Laboratories, development of two forms of arc-type 
ion engines under NASA and Air Force contracts, and contribu
tions in both colloid and cathode physics. 

In the area of power conversion, a 1 kW disc type electrostatic 
generator has been developed which is particularly adaptable to the 
environment of outer space and to the needs of high specific im
pulse electric propulsion systems. Work is under way toward a 
5 kW generator. 

Tailoring its technology to the needs of the space program, ION 
PHYSICS has developed a special high voltage bushing capable of 
carrying over three-quarters of a million volts from a pressure en
vironment into vacuum. In addition to solving electric field prob
lems associated with space projects, company-sponsored research 
has led to the production of sophisticated solid-state devices, 
employing advanced ion implantation. 

Increased activity in all areas requires an expansion of our scien
tific staff. Those capable of contributing to advances in ion physics, 
charged particle dynamics andrelated solid-state techniques are cordially 
invited to consider joining ION PHYSICS CORPORATION, a sub
sidiary of High Voltage Engineering Corporation, Burlington, Mass. 

(An Equal Opportunity Employer) 

ION PHYSICS CORPORATION 
(formerly Goodrich·Hioh Voltage Astronautic,:) 

A SUBSIDIARY OF HIGH VOLTAGE ENGINEERING CORPORATION 

BURLINGTON, MASSACHUSETTS 
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Thoroughly cleaned "Sunflower" panel is suspended in Stokes vacuum metallizer. Pure 

aluminum and silicon monoxide are evaporated upward, each from 37 supply sources on 

retractable dolly. Aluminum is held, melted and "evaporated" from stranded tungsten fila· 

ment baskets; silicon monoxide is vaporized from special crucibles in an oxidizing atmos

phere to produce transparent oxide film. 

HOW THE uSUNFLOWER" 
COLLECTS SUN POWER 

The "Sunflower" solar energy collector is a 30-petaled paraboloid that 
opens out from the nose cone of a space vehicle at a predetermined 
altitude. The parabolic mirror thus formed reflects the sun's rays, and 
focuses part of this energy on a recycling mercury boiler to generate 
electric power for the satellite. 

Key to the collector's effectiveness lies in the reflectivity of its 
"petals." High-purity aluminum was selected as the ideal surface 
material, but its relatively low strength-to-weight ratio precluded its 
structural use in these tapering 12-foot-long panels. An effective solu
tion was found by fabricating the panels of lightweight aluminum-alloy 
honeycomb and by depositing an extremely thin film of pure aluminum 
on the surface, protected from abrasion by a transparent layer of 
silicon oxide. 

To assure rapid, even, and tight deposition of both films in a single 
coating cycle, Stokes worked with the TAPCO Division of Thompson 
Ramo Wooldridge Inc. to design and install a large high-vacuum 
metallizing chamber. It regularly turns out panels having coatings of 
the desired grain size, and a total deposited film of the specified 
0.000005 to 0.000007 inch depth over the entire area. 

This is another example of the way that Stokes high-vacuum tech
niques are contributing to the Space Age. If vacuum plays a part in your 
business, whether here on earth or interplanetary, we could undoubt
edly be of service to you. Vacuum Equipment Division, F. J. Stokes 
Corporation, Philadelphia 20, Pa. 

STOKES INTERNATIONAL: 
PHILADELPHIA. TORONTO. LONDON STOKES 
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cal data consi�t of 115 measurements, 
made every minute, of Van Allen radia
tion and other environmental conditions 
and of the performance of equipment in
side the satellite. 

The circuit that actually relays tele
vision and other signals uses a combina
tion of 14 transistors and the traveling 
wave tube to amplify the incoming sig
nal about 10 billion times. The signal 
is received at 6,390 megacycles and 
transmitted at 4,170 megacycles. Be
cause the signal radiates in all directions, 
its strength at the ground is between a 
billionth and a ten-billionth of a watt. 
It is received in the U.S.-by a horn an
tenna with an opening of 3,600 square 
feet and is amplified by a ruby maser 
cooled to the temperature of liquid 
helium. Comparable elJuipment has been 
installed in England and France. 

Before the end of 1962 one or two 
more Telstars may be placed in orbit. 
Also scheduled for launching this year 
are Relay, a communication satellite built 
by the Radio Corporation of America, 
and Echo JI, a reflecting satellite balloon 
]35 feet in diameter and 20 times more 
rigid than Echo 1. 

The New A.E.C. 

A her more than a month during which 
fi three scientists constituted its entire 
membership, the Atomic Energy Com
mission has been restored to full strength 
by the appointment of two lawyers, John 
Gorham Palfrey and James Thomas 
Ramey, to take the place of two lawyers 
who had resigned. Palfrey has been pro
fessor of law and government at Colum
bia University and dean of Columbia 
College. He has done research on legal 
and political aspects of atomic energy 
and has served on the A.E.C. staff. 
Ramey has served for the past six years 
as executive director of the Joint Con
gressional Committee on Atomic Energy. 
Earlier he worked for the Tennessee 
Valley Authority and the A.E.C. 

Palfrey and Ramey may serve only 
short terms. It has been reported that the 
President next year will ask Congress 
to replace the present five-man A.E.C. 
with a single administrator. The com
mission now consists of chairman Glenn 
T. Seaborg, a chemist; Leland J. 
Haworth, a physicist; Robert E. Wilson, 
a chemist and chemical engineer; and 
Palfrey and Ramey. 

No 600-Foot Telescope? 

secretary of Defense Robert S. Mc
Namara has canceled construction 

of the Navy's 600-foot radio telescope 
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EG&G PROBES THE OCEAN'S INTERFACES 
o EG&G's oceanographic instruments set a standard for those revealing buried archeological relics in the Mediterranean Sea. 
who probe the ocean's interfaces - optically and acoustically. 0 Other well·known EG&G equipment includes buoy·mounted 
o The company's solidly established sponsored research capa· electronic marker beacons; compact, high·intensity, "man· 
bilities and product development skills are expanding rapid ly and overboard" flashers; sonar boomers; sonar positioning pingers; 
substantially. The most recent addition to EG&G's line of oceano· and complete stereo and motion· picture systems for under· 
graphic equipment is the Sonar Sediment Probe. Nicknamed water photography at depths to more than 35,000 feet. 
the "mud penetrator," by its developer, Dr. Harold E. Edgerton, 0 Openings now exist at EG&G for ocean·sciences·oriented 
it provides a bottom profile chart which accurately shows sedi· technical personnel to take part in EG&G's growing oceanogra· 
ment strata as deep as forty feet below the bottom surface. It phic activities - R&D, equipment development, and specialized 
has been used successfully in such diverse applications as locat· surveys. EG&G is an equal opportunity employer, � 
ing cement flood control mattresses in the Mississippi River and and invites your inquiry. . 

EDGERTON, GERMESHAUSEN & GRIER,INC./169 BROOKLINE AVENUE, BOSTON 15, MASS. 
WESTERN OPERATIONS: P.O. BOX 1912, LAS VEGAS, NEV. - SANTA BARBARA AIRPORT, P.O. BOX 98. GOLETA. CALIF. 
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IDEAS 
TECHNIQUES 

PRODUCTS 

Dr. John Buck, who heads up the Instruments Division, 

tells a story about a youngish clerk who was given a 
yardstick and told to measure the widths of some 

newly-arrived bolts of cloth. Finding some of the bolts 

wider than 36 inches, he took the problem (not without 

trepidation) to his boss, a dour, no-nonsense type of 

the old school. "Sir," said the clerk, "this yardstick 

isn't long enough." "Well, then," came the withering roar 

Not to dally with the analogy, today's quality and 

reliability determination problems are often far beyond 

the capabilities of the testing and analytical 

techniques of just a few years ago. They call for 

"longer yardsticks" -better tools for stress analysis, 

destructive and nondestructive testing and research. 

Our business is developing and manufacturing them ... 

and our technical staff takes a savant's delight in 

applying them. We'll gladly send further information 

on any of our products. Or better still, let us have an 

on-the-spot go at your current problem. 

Instruments Division, The Budd Company, 

P.O. Box 245, Phoenixville, Pa. 

INSTRUMENTS IJ I I 
#."""" DII/ISION 

Strain gages and instrumentation 
Load cells 

PhotoStress® photoelastic materials 
Irradiation systems 

Radiography equipment 
Testing machines 

Eddy current test equipment 

because of rising costs and a decline in 
its potential military value. The 30,000-
ton structure at Sugar Grove, W.Va., 
would have been by far the world's larg
est fully steerable radio telescope [see 
"The 600-Foot Radio Telescope," by 
Edward F. Mc Clain, Jr.; SCIENTIFIC 
AMEJUCAN, January, 1960]. More than 
$41.7 million had already been spent 
on it and an additional $53.8 million had 
been obligated. When finished in 1964, 
according to the latest estimates, its cost 
would have exceeded $200 million. 

The telescope was to have been used 
for secret military work half of the time 
and for scientific studies the other half. 
According to a report in The New York 
Times, its primary purpose was to pick 
up radio messages transmitted elsewhere 
in the world by detecting their reflec
tions from the moon. Although the Navv 
did not confirm this, it explained that 
such missions can now be carried out by 
satellites and new electronie instruments. 
In theory the telescope would have had 
an effective range of 38 billion light
years, 19 times farther than the range of 
the 200-inch optical telescope on Palo
mar Mountain. It was expected to con
tribute to the solution of such basic prob
lems as the origin, age, size and nature 
of the universe. No other Government 
agency appears likely to take up the cost
ly·project where the Navy has left off. 

Efficient Beam 

A solid-state device announced re-
cently by the Lincoln Laboratory of 

the Massachusetts Institute of Tech
nology is said to convert electric current 
into infrared radiation with remarkably 
-and at the moment mysteriously-high 
efficiency: "virtually 100 per cent." 
Made of gallium arsenide and operated 
as a diode, it emits a beam that, accord
ing to the Lincoln Laboratory workers, 
can be focused well enough to transmit 
signals over line-of-sight distances up to 
30 miles. The beam intensity responds 
to variations in the input electrical sig
nal as fast as 100 megacycles per second. 
With this band width it could accom
modate 20 television channels or 20,000 
telephone circuits. vVhen the efficiency 
of the present experimental device is un
derstood, and if it can be duplicated in 
production, the diode will have impor
tant applications iI1 commtmications. 

Although infrared waves (like those 
of visible light) are absorbed by clouds, 
rain or snow, they pass freely through 
ionized gases, which stop radio waves. 
One possible use for the diode would 
be to pierce the ionized air layer sur
rounding space vehicles re-entering the 
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Space Power Systems 
A variety of accessory space power systems, some integrated with 
thermal control, are being developed by Sundstrand A viation-Denver. Some 
are now ready for the company's new advanced test facilities. 

Many ways have been explored to pro
vide reliable power in Space Vehicles for 
communications, guidance, control, life sup
port and the multitude of normal and emer
gency functions associated with space mis
sions. One company accomplished in this 
specialized field is Sundstrand Aviation
Denver, a division of the Sundstrand Cor
poration. They have developed a variety of 
approaches, each one designed to meet the 
specific and diverse requirements inherent in 
each of the missions contemplated in the 
U. S. Space Program. These development 
projects, under contract for both military 
and civilian agencies, are logical undertakings 
for Sundstrand where work has centered 
primarily in the fields of advanced turbine 
research, cryogenic and storable propellants 
and specialized pump development. They 
also have been engaged in applied research 
under USAF contract in the growth and 
advanced technology of solar dynamic ma
chinery. 

Sundstrand-developed space power sys
tems include: 

THE X-20 (DYNA-SOAR) 

Sundstrand currently holds the USAF 
contract with the Boeing Company for the 
accessory power unit of the X-20 manned 
space vehicle. All electrical and hydraulic 
power for the operation of accessory equip
ment is supplied by this unit, which consists 
of a cryogenic multistage single disk turbine 
prime mover driving a 12 KVA alternator, 
hydraulic pump, and a tach generator. This 
contract resulted from a successful three
year turbo-machinery development program 
by Sundstrand. 

THE CRYHOCYCLE-R 
The Cryhocycle-R (reciprocator) is the 

name given another Sundstrand power unit, 
designed for long duration, low power out
put with integrated thermal control. This 
unit develops up to 10 KW of electrical 
power using hydrogen and oxygen as pro
pellants. Briefly it functions in this manner: 
waste heat is utilized from the electrical sys
tem of the space vehicle and the body heat 
of its occupants to expand cold gas (hydro
gen) in the cylinders, forcing the pistons to 
move. The engine drives a generator, supply
ing electrical power for the vehicle. 

The CRYHOCYCLE-R utilizes a unique 
liquid hydrogen pump, developed by Sund
strand engineers, which raises low pressure 
fluid (20 to 30 psi) to a pressure of 2250 

psi. The fluid is then evaporated to a 
gaseous state, producing useful cooling in 
the process. High inlet pressure at the first 
stage of the CRYHOCYCLE-R makes pos
sible extremely low specific fuel consump-, 
tion, the aim of the pump design. 

The pump is additionally unique in its 
ability to operate as a compressor of gaseous 
hydrogen. This makes feasible the incorpora
tion of first stage recirculation in the 
CRYHOCYCLE-R, lowering the specific 
fuel consumption still further. 

The hydrogen which powers the CRY
HOCYCLE-R is stored as a liquid until 
ready for use in the expansion engine. Some 
hydrogen in vapor form may escape the 
tank under zero gravity conditions and 
enter the system fuel lines along with the 
useable liquid hydrogen. A Sundstrand 
liquid-vapor separator, a porous ceramic 
barrier, when saturated with liquid, con
tinues to pass the liquid but prevents passage 
of gas, thus insuring a continuing flow of 
pure liquid hydrogen. 

The CRYHOCYCLE-R system can op
erate for as long as three weeks on a, very 
small supply of gas, occupies little space, 
and requires no radiators for thermal con
trol, making it an excellent choice for ad
vanced manned space missions. 

THE STORABLE PROPELLANT 
SP ACE POWER SYSTEM 

Under U. S. Air Force contract, Sund
strand has designed, developed, and tested 
a space power system fueled by hydrazine. 
It offers indefinite storability and instant 
restarts limited only by fuel. (Available with 
an electric heating element for starting or 
small oxidizer tank for hypergolic start.) 
Both models utilize high performance, open 
cycle, monopropellant fueled turbomachin-

ery. Both accomplish the objective of effi
cient conversion of chemical energy to elec
trical and hydraulic power. Normal rated 
output is 10 kva at 0.85 power factor (elec
trical) and 14 gpm at 2700 psig (hydraulic). 
Either unit may operate on its own fuel 
supply, or on residual booster fuel at normal 
booster tank pressure: Each incorporates 
components required to convert the low 
pressure hydrazine to required decomposition 
chamber pressures. This Sundstrand SPS 
is adaptable to many space power appli
cations, such as vehicle re-entry or orbital 
rendezvous operations where high power 
outputs are needed for relatively short dura
tions (MTBF-750 hours). 

EXPANDING 
SPACE AGE ROLE 

These and other systems under Sund
strand development are rapidly reaching 
flight qualification. For these tests, the 
Company has added new facilities to its 
Denver operation, including a space vacuum 
altitude enviro'nmental test chamber, capable 
of simulating, under dynamic gas flow, alti
tude conditions up to 135,000 feet. This 
chamber was designed for evacuation of 
2000 degree F gases at weight flows of 
1000 pounds / hour. 

Also, a Rucker centrifuge 22 feet in 
diameter with a capacity of a 650 pound 
maximum test item weight on either or both' 
ends of the arm has been installed. It is 
rated at' 20,000 g pounds, or 65 g's within 
48 seconds. A two-pass, 40 gpm, 3000 psig 
hydraulic system and a hot gas exhaust 
rotary joint are also part of the installation. 

If you would like to work with the 
Sundstrand engineering team, finding prac
tical solutions to challenging space power 
problems, write to: Personnel Director. 

' 

e 
SUNDSTRAND 
AVIATION. DENVER 
A Division o f  Sundstrand Corporation 

2480 West 70th Avenue 

Denver 21, Colorado 

SUNOSTRANO IS 

AN EQUAL. OPPORTUNITY EMPL.OVER 
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PLENCO PHENOLlCS·FORMULATED 

WESTERN ELECTRIC·APPROVED 

PLENCO 482 GP phenolic molding compound is used in 
the manufacture of this wire spring relay ... having met 
Western Electric's requirements for a material possessing 
"HIGH STABLE INSULATION RESISTANCE UNDER CONDITIONS 
OF HIGH HUMIDITY". 

Of particular and outstanding engineering significance is 
that Western Electric Company transfer molds these com
ponents in large volume AUTOMATICALLY. 

Besides continuously qualifying for all of the require
ments of Western Electric specifications, only a compound 
possessing an extremely low mold erosion rate could be 
considered. It was in this connection that Plenco was evalu
ated, along with others, by Western Electric-using radio
active orifices from which extruded compounds could be 
critically examined for pickup as an index to their abrasive 
nature. It was a bonafide challenge, one which Plenco met. 

Through Plenco research, a wide variety of general and 
special-purpose phenolic compounds are easily available, 
ready-made or custom-formulated to your most exacting 
specification. 

Also available: The experienced counsel of Plenco's tech
nical staff -any time you call. 

PLEN�C> 
PHENOLIC MOLDING COMPOUNDS 

PLASTICS ENGINEERING COMPANY • SHEBOYGAN, WISCONSIN 
Serving the plastics industry in the manufacture of high grade phenotic molding compounds, industrial resins and coating resins. 
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atmosphere and thus overcome the radio 
blackout that now cloaks their re-entry. 
In general the large channel capacity of 
radiation in or near the visible portion of 
the spectrum makes them potentially 
valuable as communication relays, par
ticularly at high altitudes, where there 
are no clouds. 

In contrast to the optical maser, a 
light-producing device that also has 
possibilities as a message sender, the 
gallium arsenide diode does not emit 
coherent radiation; that is, the waves 
are not all in step. Nevertheless, the 
beam can be focused sharply by conven
tional optical means. The wavelengths 
fall into a narrow band-about 100 
angstrom units (hundred-millionths of 
a centimeter) wide-at a central fre
quency that depends on the operating 
temperature. At 77 degrees centigrade 
above absolute zero, when the efficiency 
is highest, the central wavelength is 
about 8,600 angstrom units. 

The diode is made by diffusing a spot 
of zinc on a piece of gallium arsenide 
the size of a pinhead. Current Rowing 
through the junction raises electrons in 
the semiconductor to an energy level 
higher than normal. On returning to 
their original state and filling up the 
"holes" created by their absence, the 
electrons emit infrared radiation. Theo
retically the process is extremely efficient, 
but until now the efficiency has not been 
realized in practice. Robert J. Keyes and 
T. M. Quist, who built the device, have 
not yet learned exactly what energy levels 
are involved in the transitions, nor what 
mechanism has made possible the 
achievement of practically the full the
oretical efficiency. They suspect an un
identified impurity in their crystals. All 
the high-efficiency units made so far 
come from one of two crystals grown at 
the Lincoln Laboratory. Material from 
other crystals does not perform so well. 

German Measles Virus 

The virus of German measles, or 
rubella, an illness that can cause 

severe defects in an unborn child if con
tracted early in pregnancy, has been 
isolated. It appears to be a distinctive 
type, unrelated to any other known 
virus. 

Although no reports have yet ap
peared in technical journals, three 
groups, which worked independently of 
one another, have announced the isola
tion and identification. They are Edward 
L. Buescher and his co-workers at the 
Walter Reed Army Institute of Re
search, Thomas H. Weller and Franklin 
A. Neva of the Harvard School of Public 
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New approaches to problems in technical measurement 
Nuclear structure stud ies can now be made in 
greater detail than ever, by physicists using 

the TMC 4096·channel time·of·flight analyzer. 
As the target material is bombarded by neu· 

trons, nuclear particles may be displaced and 
scattered hither and yon. The time·of·flight 
analyzer detects these particles, measures 

their flight time from target to detector and 
stores the information in an appropriate chan· 
nel of the unit's computer memory. With a 
capacity of 4096 channels· each storing 105 
"bits" of data and ability to record flight times 

in the nanosecond range, this new analyzer 
provides resolution that permits more critical 
"also available with 16384 channel capaCity • 

research analyses than ever before. In addi· 
tion, the instrument can be set up to make 

pulse height analyses of gamma radiation 
simultaneously with time-of·flight studies. 

This is one of many TMC innovations in 
nuclear physics research instrumentation. 
And TMC subsidiaries are equally important 
in their fields • . .  Mnemotron Corporation in 
medical and industrial research; Telemetrics, 
Inc. in advanced ground station telemetry. 
For details on TMC capabilities in solving 
your technical measurement problems, write 
Technical Measurement Corp., 441 Wash

ington Avenue, North Haven, Connecticut. 

.:;;::;a TECHNICAL MEASUREMENT CORPORATION � and subsidiaries - MNEMOTRON CORP • •  TELEMETRICS, INC. 

Managing displaced nuclear particles 

© 1962 SCIENTIFIC AMERICAN, INC



106 

Model 1900 
and 

Model 1967 

The advantages gained by calibrating and 
standardizing electrical measuring instru
ments using self-contained, console type 
standards are impossible to duplicate using 
individual components_ Their ease of opera
tion, long term stability, accuracy, wide cur
rent and voltage ranges, and built-in safety 
provisions yield economies which result in 
substantial cost savings over older methods 
of calibration_ 

Since development of the original self
contained instrument calibration standard 
for the U. S. Navy in 1947, RFL has produced 
many variations and offers the world's widest 
selection of such equipment. Choice of direct
comparison, regulated-power-supply and AC
DC transfer methods with accuracies to meet 
all commercial and military requirements for 
working or reference standards is available. 
Some of the models currently in production 
are illustrated. They can be seen at the factory 
or by arrangement with field representatives 
in most states and 20 overseas countries. 

Performance warranty is unequivocal. Cali
bra tion certi fica tes for every curren t and 
voltage range, on all models, are supplied. 
Accuracy is traceable to primary standards at 
the National Bureau of Standards. 

Health and John L. Sever and Gilbert 
M. Schiff of the National Institute of 
Neurological Diseases and Blindness. 
Successful isolations have also been ac
complished in at least five other labora
tories, enlisted by the Buescher group 
for confirmatory studies. 

The effect of rubella on unborn chil
dren was discovered in Australia in 
1941. Recent studies suggest that defects 
may occur in as lllany as 50 per cent of 
infants born to mothers who contract the 
disease during the first month of preg
nancy and in 20 per cent of babies 
whose mothers are infected during the 
second or third month. These figures are 
uncertain, however, because of the dif
ficulty of diagnosing rubella. Identifi
cation of the virus should resolve the 
<juestion by making possible specific di
agnostic tests. The discovery may also 
lead to the development of a vaccine. 

Genetic Lock 

I-I0w are the genes turned on and off? 
Every living cell contains in its 

chromosomes, coded in molecules of 
DNA (deoxyribonucleic acid), all the 
genetic information needed for its repli
cation. Yet even in single-celled organ
isms such as bacteria not all the informa
tion is utilized at all times in the life 
cycle, and in multicellular organisms 
most cells become specialized and there
fore need very little of the total amount 
of information. A possible mechanism 
for turning off the information flow has 
been suggested by Ru-chih C. Huang 
and James Bonner of the California In
stitute of Technology, who had set out 
to solve another puzzle: the role of the 
protein that also forms part of chromo
somes. Writing in Proceedings of the 
National Academy of Sciences, they pro
pose that the protein serves to lock and 
unlock the genes. 

Huang and Bonner extracted the 
chromatin (chromosomal substance) 
from embryo pea plants and found that 
it is about one-third DNA, one-third a 
protein called histone, one-sixth protein 
other than histone and one-sixth RNA 
(ribonucleic acid). The nonhistone pro
tein includes the enzyme RNA poly
merase, which facilitates the synthesis 
of "messenger" RNA. This substance is 
the direct product of genetic activity; 
its role is to transfer from DNA to other 
parts of the cell the instructions for the 
synthesis of specific proteins. 

When suitable "building blocks" 
(riboside triphosphates) are added to 
isolated chromatin, messenger RNA is 
svnthesized, but at a slow rate. If the 
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BENDix-PACIFIC at work in underwater communications 

Advanced underwater communications systems and other important sonar developments pioneered by 

Bendix-Pacific are bringing new scope· and flexibility to u ndersea weapons systems and oceanic instru
mentation. Bendix-Pacific is· a major su pplier .of underwater telephones, sonar and torpedo guidance and 
control systems and has made impressive contributions in transducer 
design. Such achievements represent the "imagination· plus" of 

Bendix-Pacific Division Bendix-Pacific-a combination of experience-in-depth and creative engineering which 
has established Bendix-Pacific as a recognized leader in underwater communica-

tions. Broad capabilities have also made Bendix-Pacific a leader in Guidance, 
HydraulicsjPneumaticsjElectro-mechanics, Military Navigation, Oceanics, Telemetry 

and Data Communications. 

See for yourself how the "imagination plus" of Bendix-Pacific can go to work for you in 
any of these fields. Call or write Bendix-Pacific Division, North Hollywood, California. 

r�ncf� 
COR PO R AT I 0 H 

107 

© 1962 SCIENTIFIC AMERICAN, INC



O PT I C 
I M P U LS E  

N E RV E  
D I S P LAY 

a t  th e 
S e a tt l e  Wo r l d ' s Fa i r  

The dissected eye is affixed to a test s tand with 
bees wax, and electrodes are inserted to pick up 
the electrical nerve a ctivity. Frequen cy of the lo w
level optic nerve signal in creases with the in 
tensity of stimulation . 

Among t h e  m a n y  i nte resti n g  s c i e n c e  ex h i b its  i n  t h e  U . S .  S c i e n c e  Pavi l i o n  at t h e  Seatt l e  
Worl d ' s  Fai r  i s  a d i s p lay o f  o p t i c  n e rve res p o n s e  to l i g h t  sti m u lat i o n .  T h e  e y e  o f  a H o rse
shoe Crab (L i m u l us)  i s  sti m u lated by p u lses of l i g ht ,  and t h e  res u ltant e l ectri ca l  m essag es 
alo n g  t h e  opt ic  n e rve a re d i s p layed o n  a n  osc i l loscope.  By means of a c l osed c i rc u i t  syste m .  
the d i s p lay i s  p resented o n  a large t e l evi s i o n  sc ree n i n  t h e  d e m o n strat i o n  laboratory. 

The T e ktro n i x  Type 502 D u a l - Beam Osc i l l oscope used in t h i s  a p p l icat ion i s  espec ia l l y 
u sefu l i n  s c i e nt ific stu d ies of low- l evel  s i g n a l s .  H i g h  sens i t iv ity,  d i fferent ia l  i n p u t  to both 
a m p l ifiers ,  t ri g g e red swee p s ,  ca l i b rati o n  acc u racy,  and l o n g -term d e p e n d a b i l ity h ave m a d e  
1h i s  i n stru m e n t  very p o p u l a r  with  s c i e n t i sts i n  t h e  fi e l d s  of b i ology ,  b i o p hysi c s ,  a n d  m e d i c i n e .  
Its u n i q u e  c o m b i nati o n  o f  featu res i s  maki n g  t h e  T y p e  502 i n c reasi n g l y  p o p u l a r  w i t h  osc i l 
loscope u s e rs i n  m a n y  oth e r  fi e l d s ,  too.  

Type 502 p e rformance c h a racterist ics  i n c l u d e  ca l i b rated verti ca l  sens i t i v ity,  both beams ,  
i n  16  ste p s  from 200 }J.v/c m to 20 v/c m ; ca l i b rated swee p s  in  21 ste p s  f rom 1 }J.sec/cm to 5 
sec/c m ; 2 ,  5, 1 0, a n d  20X swee p mag n ificati o n ; flexi b l e  t ri g g e r i n g  fac i l i t ies ; e l ectro n i c a l l y 
reg u lated p o w e r  s u p p l ies ; c a pa b i l ity for b o t h  s i n g l e  a n d  d u a l -beam X-Y d i s p l ays.  

Ty p e  502 D u a l - B eam Osc i l loscope (u _  s_  Sa les Pr ice .  f .o .b .  Beaverton .  O rego n) . • • • • • • • • $890 
PJ ease p h o n e  or write y o u r  Tektro n i x  Field Office or Overseas 
D i stributor for complete specificati ons and/or a demonstration. 

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

TEKTRONIX FIELD OFFICES: Albuq uerque, N. Mex . •  Atlanta. Ga . •  Baltimore (Towson) Md . •  Boston (Lexington) 
Mass. · B uffalo, N.Y . •  Chicago (Park Ridge) I I I  . •  Cleveland, Ohio . Dal las, Texas . Dayton, Ohio . Denver, Colo . •  Detroit 
(Lathrup V i l lage) M ich. ,- Endicott (Endwell) N.Y . •  Greensboro, N.C . •  Houston, Texas . I n d ianapolis,  Ind . •  Kansas City 
(Mission) Kan . •  los Angeles, Calif. Area (Encino • Orange • Pasadena • West L.A.) • M i n neapolis,  M i n n  . •  New York 
City Area (Albertson, 1.I., N .Y . •  Stamford, Conn . •  Union ,  N.J.) • Orlando, Fla . •  Phi ladelph ia  (Bala-Cynwyd) Pa . •  Phoenix 
(Scottsdale) Ariz . •  Pittsburgh (Mon roev i l le) Pa . •  Portland,  Ore . •  Poughkeepsie, N . Y  . •  San Diego, Calif . •  San Francisco, 
Calif.  Area (lafayette . Palo A l to) • Seattle, Wash . •  Syracuse, N . Y  . •  Washington, D.C. (A n nandale,  Va.). 

TEKTRONIX CA'N A D A  
. 
LTD: Montreal, Ouebec • Toronto (Wil lowdale) Ontario. 

TEKTRONIX OVERSEAS DISTRIBUTORS : Kentron Hawaii Ltd . ,  Honolu lu ,  Hawai i .  Tektronix is  rep resented in 
twenty-seven overseas countries by qual ified engi neering organ izations. 

Eu ropean and African cou ntries, the c o u ntries of Lebanon and Syria, please contact TEKTRONIX INTERNATIONAL 
A.G.,  Terrassenweg 1A,  Zug,  Switzerland, for the name of your  local  overseas d i stributor. 

Other Overseas areas, please write o r  cable d irectly to Tektronix ,  Inc. ,  I nternational  Marketing Department, P. O. Box 500, 
Beaverton,  Oregon, U.S.A.  Cable : TEKTR O N I X .  
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histone fraction is removed from the 
chromatin, however, the rate of RNA 
synthesis increases fivefold. From this 
and other observations Huang and Bon
ner have concluded that the function of 
histone is to bind DNA and block the 
expression of particular genes, depend
ing on the needs of a particular cell at a 
particular time. 

Protein Key 

The method by which amino acid 
building blocks are put into their 

proper place in protein synthesis has re
cently been clarified. It has been known 
for several years that each of the 20-odd 
amino acids found in plant and animal 
proteins is "recognized" and carried to 
its proper position on a template by a 
specific kind of soluble ribonucleic acid 
(sRNA). The template consists of an
other form of RNA called messenger, or 
template, RNA, which is bound to a 
cellular particle called a ribosome. What 
was not known was how each sRNA 
and its amino acid got to the right 
place on the template. There seemed 
to be two possibilities: the template is 
keyed either to fit the shape of the 
amino acid or some portion of the sRNA 
molecule. 

The investigation that decided be
tween these alternatives was carried out 
by Fra!1(;ois Chapeville and Fritz A. Lip
mann at the Rockefeller Institute, Giin
ter von Ehrenstein of Johns Hopkins 
University and Bernard Weisblum, 
William J. Ray, Jr., and Seymour Benzel' 
of Purdue University. Their experi
ments, which they describe in Pl'Oceed
ings of the National Academy of Sci
ences, were performed on a system 
containing natural ribosomes and sRNA, 
obtained from the colon bacillus. To this 
mixture they added a synthetic poly
nucleic acid that acts as template RNA 
on which one particular amino acid, 
cysteine, is preferentially incorporated 
into polypeptides (short-chain protein 
analogues). The cysteine was labeled 
with the radioactive isotope carbon 14 
so that it could be traced into the poly
peptide. 

It happens that cysteine can be con
verted to another amino acid, alanine, 
simply by removal of a sulfur atom. The 
trick of the experiment was to attach 
cysteine to its appropriate sRNA and to 
convert it into alanine while it was en 
route to the template. The question was: 
Would the template be "fooled"? It was. 
In other words, tne template is evidently 
keyed to the sRNA, not to the particular 
amino acid attached to it. 
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Basic Research at Honeywell 
Research Center 

Hopkins, Minnesota 

Correlation of Mechanical Properties and 

Microstructure of Polytetrafluoroethylene 

Metallurgical techniques applied to the study of 
a polymer have enabled scientists to correlate the 
mechanic al prop erties with its microstructure 
leading to possible improvements in its properties . 

PolytetraHuoroethylene ( PTFE ) has the 
lowest coefficient of friction of any solid. 
Being chemically inert it is also impervi
ous to almost everything except liquid met
als. These characteristics have prompted 
its use in many design situations. PTFE, 
however, has a high degree of cold How, 
low tensile strength and low hardness limit
ing its applications. 

The chemists have clearly described 
PTFE's molecular properties. Its mechani
cal properties as measured by the engineer 
are readily available. 

It now appears that the techniques of 
the metallurgist may be useful in determin
ing what mechanical phenomena occur in 
PTFE under varying conditions which in 
turn. may lead to improving its properties 
by changing its microstructure. The goal 
is to correlate mechanical properties with 
microstructure and propose a physical 
model. 

Studies of the fracture surface of PTFE, 
made heretofore by Bunn and his associ
ates, have indicated a structure consisting 
of a polycrystalline aggregate having indi
vidual crystallites of long chain molecules 
assembled side-by-side to form fairly thin 
sheets. 

Since PTFE normally contains from 20% 
to 50% non-crystalline material, a '  more 
specific definition of the compound's micro
structure requires a more definite indication 
of where the non-crystalline material is 
located. 

Honeywell scientists have made a num
ber of experiments which throw further 
light on the microstructure of PTFE. 

Fracture surfaces were obtained by im
pacting the specimens at liquid nitrogen 
temperatures. These surfaces were repli
cated with collodion. This collodion layer 
was then shadowed with chromium and 

carbon-backed in a vacuum chamber for 
observation with an electron miscroscope. 

The first phenomenon observed was the 
variation in the size of the band structure 
or crystallites induced by varying the cool
ing rate from the sintering temperature . 
Quenching in iced water produced crys
tallites averaging 0.2IL by lOll. Cooling at 
1 80 ° C  per hour resulted in crystallites av
eraging O.4IL by 50IL. Cooling at 150° C/hr. 
produced dimensions of III by 1001'. At 
all cooling temperatures, however, the dis-
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Illustration A 

KINKING 

tance between the striations of the crystal
lites remained at approximately 200 A. 

In the course of the deformation experi
ments at room temperatures, comparison 
was made of specimens before and after 
deformation. This revealed two general 
types of distortion within a band. First, 
there was a relative displacement between 
the striae in the band; second, there was a 
change in the geometrical shape of the 
striae. 

As shown in diagrammatic illustration A, 
these deformations took the form of sliding, 
rotation, bowing and kinking. Sliding oc
curred . when the tensile axis was nearly 

parallel with the striae; rotation was more 
common when the striae were perpendicu
lar to the stress. Incidentally, neither of 
these cases involved a distortion of the 
individual striae. Bowing and kinking, al
though present, appeared to a lesser degree. 

However, when the temperature was 
changed bowing and kinking became more 
pronounced. At - 196 ° C , only kinking and 
bowing occurred; at -70 ° C  kinking, bow
ing and sliding were in evidence; at O ° C  
all four modes were present ( kinking, bow
ing, sliding and rotation ) .  

An interesting feature o f  the microstruc
ture of the deformed PTFE was the manner 
in which the striae themselves responded 
to stress. They either underwent bowing 
or kinking or slipped past one another. 
There was no indication that the individual 
striae had ruptured. 

The fact that the striae slipped easily 
past one another indicated the presence of 
a finite layer between the striae which de
formed very readily. This and other obser
vations led to the proposal that the band 
structure which constitutes PTFE consists 
of two phases, with the crystalline stria
tions or platelets separated from one 
another by a viscous non-crystalline matrix. 

Continued research should eventually 
lead to methods of improving the mechani
cal properties of PTFE. It may also provide 
a better understanding of other polymers, 
elastomers and epoxy resins. 

If you are engaged in scientific work in
volving PTFE and wish to know more 
about Honeywell's research in this area, 
you are invited to correspond with Mr. 
Charles J. Speerschneider, Honeywell Re
search Center, Hopkins, Minnesota. 

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

Honeywell 
[jj] �t � �  
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Why s o  many? 
We admit it. 

Amphenol. more than any other 
connector manufacturer. accepts re
sponsibility for confronting you with 
a seemingly endless selection of rack 
and panel connectors. 

There's a good reason. 
For some uses. a ten-contact con

nector the size of an Idaho potato will 
do just fine. In others, ten connections 
must be squeezed into a space no 
bigger than a jelly bean. Still other ap
plications have unique requirements 
that relate to environment or mating 
force-even the technical skill of the 
operator. 

WHY WE DO IT 
We make a lot of different rack and 

panel connectors because it takes a 
lot to satisfy the wide range of appli
cations. 

For example: the Amphenol Blue 
Ribbon® rack and panel connector 
is widely used in "blind" mating ap
plications. Part of Blue Ribbons' pop
ularity is due to the fact that they 
mate with a smooth and gradual 
wedge-like force. Because they mate 
so smoothly. the "feeling" of correct 
alignment is unmistakable. 

Another advantage of the Blue 
Ribbon design is the wiping action 
that occurs as connectors mate. Each 
time Blue Ribbons are mated. contact 
surfaces are wiped clean. Combine 
wiping action with high mated contact 

pressure. and the result is an extreme
ly low-resistance connection. 

THINKING SMALL? 
As fine a connector as we know the 

Blue Ribbon is - it's just not right for 
the real tiny stuff. Thus. as miniaturized 

electronic equipment became popular. 
Amphenol engineers developed the 
Micro Ribbon® -a rack and panel 
connector utilizing the ribbon contact 

principle. but in as little as one-half the 
space. Further development produced 
a circular Blue Ribbon connector 
which crammed 50 contacts into a 
diameter just under 3 inches. 

Also. there's the question of termi
nating rack and panel connectors. 
Often. confined quarters or complex 
wired harnesses can tax the dexterity 
of even the most skilled worker. 

To solve this problem. Amphenol 
engineers developed rack and panel 

connectors with Poke-Home® con
tacts. Poke-Home contacts make it 
possible to terminate conductors inde
pendent of the connector. Contacts are 
crimped. soldered. or even welded to 

conductors. then inserted into the con
nector. Besides simplifying assembly. 

Poke-Home contacts can be easily re
moved after assembly should circuit 

changes or repairs later become neces
sary. Needless to say. Amphenol rack 
and panel connectors with Poke-Home 
contacts (Min-Rac 1 7®. 93 and 94 
Series. for example) are popular items 
with engineers who are forced to think 
small. spacewise. 

BEATING THE ELEMENTS 
There's a need for environmentally 

resistant rack and panel connectors. 
too. High performance aircraft. missiles 
and space craft led to the development 
of Amphenol 1 26 and 2 1 7  Series en
vironmentally sealed rack and panel 
connectors. <The 2 1 7  offers the added 
feature of Poke-Home contacts.) Other 
Amphenol rack and panel connectors 

can accommodate coaxial connectors; 
many can be supplied with hermeti
cally sealed contacts. There are rack-to
cable connectors available in every 
series. There are super-economy types 

and super-reliable types. 
So. when you have a rack and 

panel connector problem. contact an 
Amphenol Sales Engineer (or an au

thorized Amphenol Industrial Distrib
utor). With the broadest line of rack 

and panels in the industry-if he can't 

solve it. no one can. If you prefer. 
write directly to Dick Hall. Vice Presi
dent. Marketing. Amphenol Connector 
Division. 1 830 South 54th Avenue. 
Chicago 50. Illinois. 

Amphenol connectors shown on the opposite 

page are: l -Min-Rac 17 with (a) crimp-type 

contacts and (b) solder-type contacts 2-94 
S e r i e s  3-M i c r o- R i b b o n  4-1 26 S e r i e s  

Rectan g u l a r  5-93 Series 6-Blue  Ribbon 

with (a) barrier polarization, (b) pin polari

zation and (c) keyed shel l and barrier polar

ization 7-1 26 Series "CN I "  8-1 26 Series 

Hexagonal  9-Circu lar  B lue Ri bbon 

GtiQUIUilJ Connector Division / Ampheno l -Borg E lectron ics Corporati o n  

1 1 0 
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Let's look at the price of eggs 

What did you pay for eggs this week? Probably a little more or a little less than last week. Prices of things go 

up and down because of many factors . . .  such as supply and demand, wages, materials and shipping costs, 

and needed profits. It all gets more complex when you consider taxes and competition, or compare our econ

omy to that of other countries . .. Now millions of people can learn more about economics from a stimulating 

series of television programs on The American Economy. Conducted by leading educators and economists, 

"College of the Air" will describe how our economic system works . . .  how it provides stability and growth 

. . .  how it enhances individual freedom. Starting in September, The American Economy will appear on the 

CBS television network as five one-half hour programs per week for 32 weeks . . .  equal to two semesters of 

college classes. � With the belief that only through broader education can we meet the growing needs of 

tomorrow, American business is giving financial support to "College of the Air. " The people of 

Union Carbide are proud to be among the donors to such a worthwhile project. 

A HAND IN THINGS TO COME 

COLLEGE CREDIT will be given by many colleges for The American Economy. For names of 

participating colleges and local viewing times, write Union Carbide Corporation, 270 Park A venue, New York 1 7, N. Y. 
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The Antarctic Ocean 

The Atlantic, Pacific and Indian oceans meet ll1 a distinct body 

(�f water that wheels around Antarctica. It absorbs heat frOln the 
other oceans and its cold bottOln w aters creep bey·ond the Equator 

O
rdinary maps usually show the 

Atlantic, Pacific and Indian 
oceans extending all the way to 

the frozen shores of Antarctica. To the 
oceanographer the water surrounding 
the Antarctic continent is not merely a 
conAuence of three oceans but an ocean 
of itself, often known as the Antarctic, 
or Southern, Ocean. Although neither 
name has won international recognition, 
the latter is preferred by British and 
Soviet oceanographers. The Southern 
Ocean is unique in that it completely en
circles the earth, unbroken by a conti-

by \-. C. Kort 

nental land mass. In this great circum
polar expanse of water, driven eastward 
by the prevailing winds, the narrowest 
constriction is the 1,000 kilometers (620 
miles) that separate South America from 
the Antarctic Peninsula. Elsewhere the 
distance between Antarctica and the 
nearest continent is more than 2,000 
kilometers of open water. 

The northern boundary of the South
ern Ocean cannot be rigidly defined. 
Sometimes it is taken to be the region 
of the Antarctic Convergence, between 
50 and 60 degrees south latitude, where 

surface waters Rowing generally north 
converge with waters Rowing generally 
south. The result is a marked change 
in temperature and salinity and an even 
sharper change in the character of the 
marine life [see "The Oceanic Life of 
the Antarctic," by Robert Cushman 
Murphy, page 186]. According to an
other definition, which I prefer, the 
Southern Ocean can be regarded as ex
tending northward to about 40 degrees 
south latitude, or approximately the 
southern coasts of Africa and Australia. 
Here there is another transition in flow, 

SOVIET RESEARCH VESSEL Ob took part in the Soviet Marine 

Antnrcti .. Expedition in the years 1956 to 1959. It and other vessels 

provided deep hydrologic observations from Antarctica to the 

coasts of So lith America, Africa, Tasmania and New Zealand. 

1 13 
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ANTARCTIC CURRENT FLOW has been computed from data 
t'ollected during the International Geophysical Year by the Soviet 

Marine Antarctic Expedition. The volume of transport between 

adjacent How lines is 10 million cubic meters per second. The Ant· 

114 

arctic Convergence (A), where temperature and salinity change 

abruptly, coincides with the region of heaviest flow. The Antarctic 

Divergence (8) coincides with the region of minimum How near 

the Antarctic coast. The Subtropical Convergence, which can be 

--

.J 
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regarded as the northern boundary of the 

Southern Ocean, cannot he very accurately 

defined, hut it generally rollows the north. 

ern limit or the flow lines plotted here. 

temperature and salinity designated the 
Subtropical Convergence. The Subtrop
ical Convergence also marks the approx
imate limit of the northward drift of ice 
from the Antarctic. If 40 degrees south 
latitude is taken as the boundary, the 
Southern Ocean covers about 75 million 
square kilometers, nearh' six times the 
area of the Antarctic continent. This is 
22 per cent of the total area of all the 
oceans, The heat content of the South
ern Ocean, however, is only 10 per cent 
of the oceanic totaL It is apparent that 
this vast expanse of water, ranging in 
temperature from about -1,8 to 10 de
grees centigrade (28,8 to 50 degrees 
Fahrenheit), exerts a great influence 011 

the climate of the entire planet 
The interaction of the water masses of 

the Southern Ocean and the atmosphere 
over it was an important aspect of the 
program of the International Geoplwsi
cal Year, Extensive oceanographic ob
servations were conductcd in Antarctic 
waters from 1956 to 1959 b\' the re
search ships of Argentina, Australia, 
France, Japan, New Zealand, the U,S, 
and the U,S,SJt 

One of the tasks of the Soviet �1arine 
Antarctic Expedition was to obtain 

more precise values of water transport 
and current How in the Southern Ocean, 
It had previously been established that 
the strong western winds set up a cur
rent that travels around the Antarctic 
continent. It was also known that frigid 
waters flow down from the shores of the 
continent and slowly travel northward 
along the bottom into the Atlantic, 
Pacific and Indian oceans, At the same 
time an equivalent volume of warmer 
water travels southward at intermediate 
depths to replace the water Bowing 
northward below it [see illustration on 
page 118], 

One of the first attempts at a quanti
tative estimate of Antarctic water trans
port was published in 1942 by Harald U, 
Sverdrup, then director of the Scripps 
Institution of Oceanography in La Jolla, 
Calif. His values were based on hydro
logic observations carried out in cruises 
of the British research ship Discovery 
and the cruises of other research ves
sels. Although it is possible to make a 
rough estimate of surface currents by 
determining how much a ship is carried 
off its course, the oceanographer must 
resort to other methods for estimating 
the volume and velocity of currents be
low the surface. The standard method 
used by Sverdrup and others, including 
ourselves, involves measuring the tem
perature and salinitv of the ocean at vari-

ous depths, From these values one can 
calculate the relative fields of pressure, 
which must be converted to absolute 
fields. This is done by making assump
tions as to the topography of the sea 
surface or the current velocity at some 
particular depth. The final step is to 
calculate the field of motion from that 
of pressure, 

Sverdrup calculated the total west-to
east water transport in the Southern 
Ocean across three sections: between 
Antarctica and South Africa, between 
Antarctica and Tasmania (the island off 
the southern coast of Australia) and be
tween Antarctica and South America 
(the Drake Passage). His values for 
total water transport in a layer from the 
surface to a depth of 3,000 meters across 
these sections were respectively 120 
million cubic meters per second, 150 
million cubic meters per second and 90 
million cubic meters per second. The 
smallest of these values, that for the 
Drake Passage, is more than 400 times 
the volume of water carried by the 
Amazon, the world's largest river. It is 
evident that if 150 million cubic meters 
per second Bows into the Pacific Ocean 
between Antarctica and Tasmania, some 
60 million cubic meters must be di
verted northward into the Pacific, since 
only 90 million cubic meters can be 
found moving into the Atlantic through 
the Drake Passage. One would also have 
to explain how this 60 million cubic 
meters per second is replenished. 

To check Sverdrup's calculations, the 
Soviet Marine Antarctic Expedition used 
observations carried out primarily from 
the 12,000-ton diesel-electric research 
ship Ob. Deep hydrologic observations 
of temperature and salinity were made 
from the continental shelf of Antarctica 
to the coastal waters of South Africa, 
New Zealand (as well as Tasmania) 
and South America. The map at left 
shows in detail the path of the entire 
Antarctic Circumpolar Current as com
puted from our data. It can be seen 
that the maximum current How is in the 
zone of the Antarctic Convergence. 

In general our figures for transport 
across the three principal sections do 
not show such great variations as those 
computed by Sverdrup. Nevertheless, 
variations remain, and as I discuss them 
it may help the reader to follow the Bow 
chart on the next page. For the three 
principal sections the average values in 
millions of cubic meters per second are: 

Antarctica to Africa 190 
Antarctica to Tasmania 180 
Antarctica to Cape Horn 150 
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The flow of 190 million cubic meters per 
second represents water moving east
ward from the Atlantic into the Indian 
Ocean, mainly between 38 and 56 de
grees south latitude. To the north of this 
region, between 38 degrees and the 
African coast, about 25 million cubic 
meters of water per second is carried 
in the opposite direction-westward
from the Indian Ocean into the Atlan
tic by the Agulhas Current. South of 
56 degrees south latitude an additional 
10 million cubic meters per second is 
carried westward by the Antarctic West
ern Coastal Current. 

If one now looks at the flow through 
the section between Antarctica and 
Tasmania one sees that the volume of 
water leaving the eastern end of the 
Indian Ocean is 180 million cubic 

AUSTRAL I A 

meters per second, or 10 million less 
than that entering from the Atlantic. 
It appears, therefore, that 10 million 
cu bic meters per second is diverted into 
the circulation of the Indian Ocean and 
partially makes up for the outflow car
ried west by the Agulhas Current. The 
balance of this current consists of 10 
million cubic meters per second pro
vided by the West Australia Coast Cur
rent and five million provided by river 
discharge and by Pacific water flowing 
through the Indonesian straits. 

To the east of Tasmania the Antarc
tic Circumpolar Current branches and 
sends almost 40 million cubic meters 
per second northward into the Tasman 
Sea, which lies between Australia and 
New Zealand. Whereas 180 million 
cubic meters per second enters the Pacif-

ic Ocean (including the Tasman Sea) 
from the Indian Ocean, only 150 million 
cubic meters per second enters the At
lantic Ocean from the Pacific Ocean 
through the Drake Passage. The deficit 
of some 30 million cubic meters per 
second is accounted for partly by evap
oration in the Pacific, partly by move
ment of water into the North Pacific and 
partly by transport back into the Indian 
Ocean across the northern coast of 
Australia. 

Finally we observe that the 150 mil
lion cubic meters per second entering 
the South Atlantic through the Drake 
Passage is 40 million less than the vol
ume leaving the Atlantic between South 
Africa and Antarctica. Of this deficit 
about 35 million cubic meters per sec
ond is compensated for by the Agulhas 

» 
-n 
:;0 

WATER TRANSPORT SUMMARY, in millions of cubic meters 

per second, shows how the Circumpolar Current varies in volume 

as it passes between Antarctica and other land masses. Largest 

diversion occurs where current meets the New Zealand Plateau. 
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Audio engineers long realized 
that the advantages electronic 
circuits brought to the home or
gan might apply equally well to 
the piano. 

Needed were true piano tone, 
touch and response; proper ped
al action; and volume propor
tional to striking force on a key. 

The problem is solved with 
the new Wurlitzer Model 720 
vacuum-tube console electronic 
piano-one of the most important 
new musical instruments since 
the electronic organ. 

HOW IT WORKS· In the Wurlitzer electronic piano, key and 
hammer linkage are virtually the same as in a conventional piano 
(see diagram) -assuring the classic key action and touch. 

But the hammer - instead of striking taut strings - strikes a 
weighted metal cantilever reed tuned to the exact pitch of the note 
struck. Above each reed is an electrically charged pick-up plate. 
As the reed vibrates, capacitance changes between the reed and 
the pick-up plate produce a voltage at the frequency of the note 
struck. This voltage is amplified by the electronic audio system of 
the piano. 

ELECTRONIC PIANO ADVANTAGES· Result is a compact 
instrument with true piano tone and action. Sound output can be 
piped to remote or multiple locations-can be re-amplified to fill a 

large auditorium-or can be applied to earphones so that only a 
practicing student himself can hear. Special musical effects are 
possible and maintenance costs are low. 

RCA NOVAR TUBES ASSURE TONAL FIDELITY· In such 
an instrument, sound quality is the critical element-the key to 
customer acceptance. For this reason Wurlitzer engineers selected 
RCA-7868 novar power pentode tubes for the audio output stage, 
to serve as the "voice" of the Model 720 piano. 

Navar Tubes were selected only after comparative tests with 
other power output tubes. They were chosen because they provide 
at low cost the necessary high power sensitivity and high power 
output capability sought by Wurlitzer engineers. 

Novar tubes helped Wurlitzer turn out a better product at lower 
cost. This new tube family may also be able to help you in your 
critical circuit applications. For information on specific novar types, 
call your RCA Field Representative, or write: Commercial Engi
neering, Section 1-95, RCA Electron Tube Division, Harrison, N. J. 

e. The Mos' T,us'ed Name ;n E',"",on;cs 
RCA ELECTRON TUBE DIVISION-FIELD OFFICES . . .  EAST, 744 
Brood Street, Newark 2, New Jersey, HUmboldt 5-3900 • MIDWEST: 
Suite 1154, Merchandise Mort Plaza, Chicago 54, Illinois, WHitehall 
4-2900 • WEST: 6801 E. Washington Boulevard, Los Angel",s 2? Coli. 
fornia. RAymond 3-8361. 
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Current and the Antarctic Western 
Coastal Current. The remaining five 
million or so is supplied by melted ice 
carried southward from the Arctic 
Ocean and by river discharge. In spite 
of the approximate nature of these trans
port figures, they provide a reasonable 
account of the water exchange between 
the great ocean systems. 

A study of the transport pattern of 
the Antarctic Circumpolar Current re
veals that all changes in its direction 
are closely correlated with changes in 
the topography of the ocean bottom. 

This is particularly clear in the region 
south of Tasmania. Under the influence 
of the western edge of the New Zealand 
Plateau a significant fraction (more than 
20 per cent) of the Circumpolar Current 
is diverted northward into the Tasman 
Sea, and the remaining mass is de
flected to the south. The result is a sharp 
southward displacement of the Antarctic 
Convergence. 

Hydrologic data collected close to the 
Antarctic shelf indicate strong cyclon
ic (clockwise in the Southern Hemi
sphere) and anticyclonic circulation 

patterns in the vicinity of the Weddell, 
Ross, Amundsen and Bellingshausen 
seas. The largest of the anticyclonic pat
terns appears to lie in the region to the 
northeast of the Ross Sea. The most ex
tensive cyclonic circulation is between 
Africa and Antarctica. 

A second task of the Soviet Ylarine 
Antarctic Expedition was to esti

mate the meridional flow of deep water: 
toward and away from the Antarctic 
continent. More than 35 years ago 
Georg vVi.ist, who is now at the Lamont 

COMPLEX FLOW of currents in the Southern Ocean is depicted 

in this schematic view hased on the work of Harald U. Sverdrup. 

Water cooled by the coastal ice masses of the Antarctic continent 

(right) sinks and flows northward along the bottom. An equal vol· 

ume of warmer "Deep water" flows southward to replace it. The 

Antarctic Convergence is formed where south· flowing water of 8 to 

10 degrees centigrade meets much colder surface water flowing 

away from the Antarctic. Figures at left in color, computed by the 

author and his associates, show the amount of heat, in calories, 

transported annually by the deep and bottom waters. Other Ii gures 

in color show that the heat given off to the atmosphere by the 

Southern Ocean greatly exceeds the heat received from the sun. 
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A new, small source of X-Ray Radiation at 108 rad/sec . 

The FEXITRON MODEL 730 is a complete flash x-ray system including a 30 kv dc supply 

(1), a modified Marx surge pulser (2), a cold cathode field emission x-ray tube (3), which 

is housed inside the grounded metallic pulser can, and a trigger amplifier/delay gen

erator (4), which will fire the pulser after pre-set delays from 1 to 1000 ,usec; the pulsers 

2,5 and 6 operate respectively at 300, 150 and 100 kv and are available in optional, fixed 

pulse lengths of 30, 70 and 100 nanoseconds; all operate off of the common dc supply. 

Extend your radiation effects studies to higher dose rates (10' rad/sec), to 

shorter pulse lengths (30 to 100 nanoseconds), to a range of voltages (100·300 

kv); separate ionization effects from atomic displacements by use of a single 

radiation component (x-rays); gain research efficiency and economic advan

tage offered by a small radiation source that can be conveniently operated in 

your laboratory with minimum maintenance. 

FEXITRON 730 offers other advantages: 

Repetition rates to 10'/sec by use of multiple sources fired in time 

sequence; 

Uniform irradiation of samples by use of multiple sources on several 

sides of the sample; 

Dose rates above 10' rad/sec by use of multiple sources fired simul

taneously (also inquire about our higher voltage machines, e. g. 

Model 201 with 10' rad/sec at 600 kv); 

Square voltage wave helps separate "rate" effects from "relaxation" 

effects; also minimizes x-ray spectral width and maximizes dose; 

One or more each of the several pulser models may be simultaneously 

charged from a common dc supply, then fired in time sequence to 

observe radiation effects as a function of the various available pulse 

lengths, applied voltage (x·ray wavelength), dose rates and rep· 

etition rates; 

Small tube head permits remote location, also multiple source ir· 

radiation of small objects; 

Price-single channel 300 kv; 730·1·233 $8,887.00 

-single channel 100 kv; 730·1-232 $5,242.00 

c 
o 
C> 
� 

o 

At 10' rad/sec, the dielectric impedance 

of a small mica capacitor was reduced to 

500,000 ohms; radiation induced currents 

of 1 milliampere were observed at large 

signal/noise. 

Pulser Specifications 

Model No. 231 232 236 235 233 

Pulse length (psec) 0.03 0.07 10 .10 10 

Voltage (kv) 75-105 75-105 75-105 100-150 150-300 

Source size (mm) 2.5 3.8 3.5 6.0 

Dose rate (rad/sec) 

at tube surface 5:dO' 5�10 5xl0' 10' 2xl0' 

Energy Stored 10 14 20 55 

(joules) 

Charging Voltage 30 30 30 30 30 

(kv) 

Physical Dimensions 

0, D, (inches) 8' • 8' � 8'. 8'� 9'; 

length (inches) 12 12 12 16 36 

Weight (Ibs) 40 40 40 60 150 

Tube Model 524 525 526 529 515 

� 
c > 

2 � 
fr ::< 

FOR ADDITIONAL INFORMATION: Write or call Field Emission Corporation, Dept. 0·2, 
McMinnville, Oregon _ Telephone: 472·5101, or our field office: Riviera Central Bldg., 

Dept. 0·2,205 Avenue "I", Redondo Beach, California _ Telephone: 375·5510 
� � 

Field Emission Corporation 
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polyethylene 
in a 

salt shaker? Take 
MICROTHENE@ powdered polyethylene 
... stir in a little imagination ... 
chances are you'll come up with a way 
you can use it. A new use, perhaps. 

Here's a material that's inertchemi
cally; melts around 200-300· Fahren
heit; has a low specific gravity, a low 
coefficient of friction and enormous 
surface area. 

This finely divided solid can be used 
to do things usually limited to fluids. 
Techniques like spraying, coating, 
and casting are among current appli
cations. Also, it can be used as an addi
tive in waxes, lubricants and other 
plastics. Only recently it opened up the 
field of rotational molding to plastic 
powders. 

Give it head room. MICROTHENE has 
an important future in technology. 
Maybe yours. 

U. S. INDUSTRIAL CHEMICALS CO. 
Division of National Distillers and Chemical Corp. 
99 Park Ave., New York 16, N. Y. 
Gentlemen: 

I think I have the germ of an idea. Please 
send me more information on the properties and 
present uses of MICROTHENE polyethylene in 
powdered form. 

Geological Observatory of Columbia 
University, analyzed deep observations 
made in the Atlantic Ocean by the Ger
man research ship Meteor and con
cluded that Antarctic waters cross the 
Equator and penetrate as far as 40 de
grees north. Soviet observations carried 
out in the Indian Ocean by the Ob indi
cate that Antarctic waters penetrate to 
the Arabian Sea and the Bay of Bengal, 
both of which lie some 10 to 20 degrees 
north of the Equator. 

Because of the absence of a reliable 
theoretical model, the meridional trans
port is more difficult to compute than 
the circumpolar transport. Our semi
empirical method of computation de
pended on measurements of tempera
ture and turbulent exchange of heat 
at various depths. When observations 
made on nine meridional sections were 
analyzed, the mean northward transport 
of bottom waters around the whole 
perimeter of the Antarctic continent 
turned out to be something more than 
800 million cubic meters per second, 
or more than five times the flow rate of 
the Antarctic Circumpolar Current it
self. To replace this huge outflow a 
mighty layer of deep warm water, equal 
in volume, crosses the perimeter of the 
Southern Ocean from the north. 

Knowing the water exchange between 
the Southern Ocean and adjacent oceans 
and knowing water temperatures, it is 
possible to make a rough estimate of 
the amount of heat exchanged. First, 
however, it is necessary to determine 
the amount of solar radiation absorbed 
at the surface of the water and the 
amount of heat radiated from the sur
face back into the atmosphere. Data 
obtained in the third and fourth cruises 
of the Ob in summer (February) and 
winter (August), together with obser
vations made at the Soviet Antarctic 
stations of Mirnyy and Lazarev and 
elsewhere, were used to estimate the 
radiation balance of the Southern Ocean 
to 40 degrees south latitude. It was 
found that the Southern Ocean gives: 
off annually to the atmosphere nearly 
34 X 1021 (34 followed by 21 zeros) 
gram calories and takes up from it only 
slightly more than 10 X 1021 gram calo
ries. The heat given off serves to warm 
the frigid Antarctic air masses as they 
travel over the Southern Ocean on their 
way northward. 

It is apparent that the main source 
of heat received by the Southern Ocean 
is the deep waters that carry it in from 
the north. Our estimates show that these 
waters annually bring in approximately 

SOUTH A M ERICA 

Name _________ Titie HEAT DISTRIBUTION in the Southern Ocean in summer (Octoher through March) has 

Company _______________ _ 

Address' _____________ _ 

been estimated by Soviet oceanographers. Figures represent the heat content, in thousands 

of calories, of a column of water a square centimeter in cross section extending from the sur· 

face to the ocean bottom. Heat content is proportional to number of degrees between the 

City ______ Zone __ State___ average water temperature and the freezing point of sea water, multiplied by the depth. 
S 
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You are looking at an incredible achievement by Fairchild Semiconductor: the 

world's first successful integrated semiconductor circuit. It has nine transistors, five 

resistors-and it takes the place of a whole boardful of components in a computer. 

Oh, and one more thing ... 
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CURRENT VELOCITY DISTRIBUTION is shown for the ocean

ographic section between Antarctica (le/t) and South Africa. Fig

ures give velocity in centimeters per second. The predominantly 

eastward flow is indicated by negative values and colored areas. 

The westward flow at right is produced by the Agulhas Current. 

Westward flow at left is the Antarctic Western Coastal Current. 

30 X 1021 gram calories. This value rep
resents the heat released when some 800 
million cubic meters per second of deep 
water at 1.2 degrees C. is chilled to 
the mean temperature of .2 degree pre
vailing near the coast of Antarctica. The 
equal volume of bottom water flowing 
northward carries with it about 5 X lOon 
gram calories of heat. 

These figures derived in different 
ways yield income and outgo energy 
values that are in reasonable, if not com
plete, balance. The income is 10 X 1021 
gram calories of solar energy plus 
30 X 1021 gram calories delivered by 
deep waters from the north, for a total 
of 40 X 1021 gram calories. The outgo 
is roughly 34 X 1021 gram calories lost 
to the atmosphere plus 5 X 1021 gram 
calories carried north in bottom waters, 
for a total of approximately 39 X 1021 
gram calories. 

One can see from the above analysis 
that the thermal influence of the South
ern Ocean is two-sided. First, and most 
important, the Southern Ocean takes up 
from adjacent oceans a considerable 
amount of heat and expends it in warm
ing up the cold Antarctic air masses, 
thereby exerting a decisive influence on 
the atmospheric circulation of the South
ern Hemisphere. Second, the cold wa
ters of the Southern Ocean penetrate 
into the adjacent oceans and noticeably 
cool their deep layers. 
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The interplay of water temperature 
and currents in the Southern Ocean can 
be brought out by charting the pattern 
of heat distribution in the water sur
rounding Antarctica. To do this one in
tegrates two factors: the average water 
temperature from the surface to the 
bottom and the water depth. One can 
then calculate the heat content of a col
umn of water a square centimeter in 
cross section extending from the surface 
to the bottom. In our calculations we 
regard the heat content of sea water at 
its freezing point (around -1.8 de
grees C.) as being zero. Thus a cubic 
centimeter of water one degree above 
freezing is said to have a heat content of 
about one gram calorie. The pattern of 
heat distribution of the Southern Ocean 
in the Antarctic summer is shown in the 
map on page 120. 

It can be seen that the coldest region 
of the Southern Ocean is the Weddell 
Sea, which lies within a huge cyclonic 
system. This system draws a vast quan
tity of water from the Antarctic Circum
polar Current and transports it south
ward to the great ice shelf of the Weddell 
Sea, where the water is intensively 
cooled. As a result the region is liter
ally a factory of cold waters. 

Picked up again by the Antarctic 
Circumpolar Current, the refrigerated 
waters are carried eastward until, on 
reaching the New Zealand Plateau, some 

40 million cubic meters per second is de
flected into the Tasman Sea. The tongue 
of frigid water penetrating northward 
shows up clearly in the heat-distribution 
map. As the Circumpolar Current moves 
east into the South Pacific it is again 
deflected sharply northward under the 
combined influence of the Pacific-Ant
arctic Ridge and the anticyclonic circu
lation near the Ross Sea. The cold shelf 
waters of the Ross Sea also contribute to 
the outflow of cold water to the north. 
The net effect of these great diversions 
is to make the PaciRc Ocean somewhat 
colder than the Indian Ocean and sub
stantially colder than the Atlantic 
Ocean. According to the data of my col
league V. N. Stepanov, the annual mean 
heat content of the Pacific Ocean is 
1,746,000 gram calories per square cen
timeter, compared with 1,783,000 for 
the Indian Ocean and 1,989,000 for the 
Atlantic Ocean. The mean heat content 
of the Southern Ocean is approximately 
half of these values, which accounts for 
the statement that it contains only about 
10 per cent of the world's oceanic heat 
while representing 22 per cent of the 
world's oceanic area. 

The exceptional intensity and stability 
of the Antarctic Circumpolar Cur

rent offer the investigator an attractive 
opportunity for testing theoretical mod
els of the flow of a homogeneous fluid 
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this is its actual size: 

• 

F=�IRCHILO 

SEMICONDUCTOR 
FAIRCHILD SEMICONDUCTOR/S45 WHISMAN ROAD, MOUNTAIN VIEW, CALIFORNIA/YORKSHIRE a.8l6I/TWX: MN VW CAL 853/A DIVISION OF FAIRCHILD CAt�ERA AND INSTRUMENT CORPORATION 
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in a circular channel. It has been rec
ognized for 50 years that the move
ment of the Antarctic waters from west 
to east is caused by the strong west 
winds that blow almost constantly in 
the belt between 40 and 60 degrees 
south latitude. 

The first comprehensive description 
of the dynamics of the Southern Ocean 
was published 25 years ago by G. E. R. 
Deacon, now director of the National 
Institute of Oceanography in England. 

Subsequently Sverdrup developed the 
concept that the Antarctic Circumpolar 
Current is the sum of a pure wind-driven 
current in the surface layers of the ocean 
and of a gradient current, due to density 
variations, acting through the whole wa
ter mass. Sverdrup was also the first to 
call attention to the influence of bottom 
topography on the Circumpolar Current. 
Since then the leading students of the 
dynamiCS of the Southern Ocean have 
treated the Circumpolar Current as a 

current driven through a channel by 
a steady zonal wind. 

The main objective of the theoretical 
studies, conducted primarily by U.S., 
French, German and Japanese investi
gators, has been to compute the volume 
of water transported by the Antarctic 
Circumpolar Current and to provide 
mathematical models describing how the 
current is influenced by bottom topog
raphy. Although such studies have usu
ally led to unrealistically high values of 

FLOATING PACK ICE at Moubray Bay, adjacent to Hallett Sta

tion on the Ross Sea, was photographed from 8,000 feet by Emil 

Schulthess, using his homemade "fish eye" camera. The round ob

jects at the edge of the picture are the four wheels of the helicopter. 

124 

© 1962 SCIENTIFIC AMERICAN, INC



Who helps him make picture landings-and then shows him the picture? AMPEX. 

He landed four tons of supersonic steel on a 
moving carrier that looked like a miniature 
matchbox from 20,000 feet. It took skill, dar
ing-and an assist from an Ampex VR-lOOO 
Videotape* recorder. This advanced recorder i 

and camera system gave carrier landing per
sonnel a complete picture of the pilot's pro
gress; helped talk him down with greater pre
cision. Now that he has landed, it lets him see 
the whole operation recorded on Ampex video i 

tape. He watches his approach, has an exact 
record of his speed, hears his conversation 
*T M Am pex Corp. 

with landing personnel. Next time he'll make a 
safer, surer landing. The Navy calls this PLAT: 
Pilot Landing Aid Television. It was developed 
by Com Air Pac with Ampex. And it's one of the 
many ways videotape recorders are now being 
used for education and training in every area. 
For details on an Ampex videotape recorder 
to meet your needs write the only company 
providing magnetic recorders and tape for 
every application: 934 Charter St., Redwood 
City, California. Sales and service lAM 

I engineers throughout the world. PEX 
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D A MILLION WAYS ... 

BAUSCH & LOMB CERTIFIED-PRECISION DIFFRACTION GRATINGS 
let you slice light just exactly the way you want it! Choose from the 
world's widest range of diffraction gratings-over 2000 different grat
ings available for use, from x-rays to microwaves. This grating selec
tion chart tells the story: 

Sizes and Types Grooves/mm Blaze Remarks of Gratings 

Soft x·ray Concave used in high 600·3600/mm 1 ° to 6° Coating unimportant. 

IDA to SODA vacuum at grazing 

incidence; sizes and 

types with radii from 

400 to 6650mm. 

Far Vacuum Concave gratings used 600·3600/mm 1 ° to 10" Special coating. 

Ultraviolet near normal incidence; 

SODA to usually in first order. 

1000A 

Vacuum Large variety of 600·3600/mm 2° to 22° MgF2 coating for work 

Ultraviolet concave and plane below 1600A enhances 

1000A to gratings. Used in efficiency. 

2000A first or higher orders. 

Ultraviolet Over 500 sizes of plane 300·2160/mm 3° to 64° Plane for photoelectric 

and Visible or concave gratings used spectrometers; concave 

2000A to in first or higher orders. for photographic 

I 7000A Also a selection of plane recording of spectra. 
I transmission gratings. I 

Infrared Complete range of sizes 20.600/mm 5° to 30° Plane gratings with 

0.7 to 75 and types of plane aluminum coating. 

microns gratings. First order. 

Far Infrared Plane gratings ruled to 0.8 to 12/mm 15°t031· SiO coated ... used with 

40 to 1,000 order in magnesium plane filter gratings. 
I microns metal. Any desired size 
I 
I up to 330x360mm. 
I 
I 
••••••••••••• S A V E FOR FUTURE REFERENCE····-··· 

MAIL COUPON for details on the theory and mechanics of diffraction grat
ing use in light dispersion plus complete data on all B&L Certified-
Precision Gratings. 

BAUSCH & LOMB Y 
�--------------------------------- l 
I Please send Catalog D-261. I I BAUSCH & LOMB Name. ..................................................................... ..... . ......... I 
I INCORPORATED I I 75833 BAUSCH ST. 

Company.................................................................................. I I ROCHESTER 2, N. Y. Address..................................................................................... I 
L _________ ..:�����.�.�.�.�.�.�.�.::...�o��.�.!��.�.�.�.�J 
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water transport, they all con'irmed that 
the transport is caused by wind. 

The theoretical models developed 
prior to the ICY program left unan
swered the yuestion of whether the cur
rent is a continuous flow through the 
whole body of the ocean, from surface to 
bottom, or whether it has deep counter
current or transverse circulation. The 
models also had difficulty explaining the 
mechanism of the formation of conver
gent and divergent zones of flow in the 
surface layers of the oceans; these zones 
are the Antarctic Convergence, the 
Antarctic Divergence and the Subtrop
ical Convergence, which navigators in 
these regions have long recognized by 
changes in water and air temperature. 
Finally, the models could not assess 
lluantitatively the influence of bottom 
topography on the Antarctic Circum
polar Current. 

Data collected during the ICY pro-
gram have made it possible to start 

solving some of these problems. For ex
ample, detailed deep observations of 
temperature and salinity, and of the dis
tribution of oxygen and other elements, 
show that waters in the Antarctic Circum
polar Current move eastward through 
the whole body of the Southern Ocean. 
The structure of this current, however, 
is complicated. The total flow breaks 
into separate streams with fast-mOVing 
cores. Elsewhere, in certain regions, 
countercurrents run westward. The il
lustration on page 122 shows a char
acteristic structure of the Circumpolar 
Current in the section between South 
Africa and Antarctica, along 20 degrees 
east longitude. 

With the new evidence that the flow 
of Antarctic waters embraces the whole 
body of the ocean, it becomes easier to 
explain the role of large-scale sub
marine trenches and ridges. The bends 
in the stream lines, as charted on pages 
114 and 115, are formed by the joint in
fluence of bottom topography and the 
Coriolis force, which results in the de
flection of the Antarctic Circumpolar 
Current to the north over a rising bottom 
and to the south over a falling bottom. 

With these qualitative observations as 
a starting point, a new theoretical model 
of the Antarctic Circumpolar Current 
has been developed by V. M. Kamen
kovitch, one of my colleagues at the 
Institute of Oceanology of the Soviet 
Academy of Sciences. The model yields 
values of water transport that agree 
reasonably well with the values actually 
observed in the Circumpolar Current. 

Another worker at our institute, J. A. 
Ivanov, has been examining the forma-
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A t  this South Pole Station (and at the 
o ther four) , sensors on the wind and 
temperature p1'o/ile tower (above) de
tect ambient weather paramete?·s. 
Speedomax G recorde?'s (below) plot 
1'ecords of temperatu1'e and 1·adiation. 

Antarctica, the US. Weather Bureau's Frigid Frontier 
Antarctica, the only large land mass not regularly in
habited by man, has proved to be a meteorologist 's  
frontier. Here, working i n  an atmosphere free from the 
contaminants of civi l ization, the Weather B u reau of the 
U. S. Department of Commerce is cooperating with 
meteorologists from nine countries to obtain an u nder· 
s tanding of Antarctic weather, its causes and effects. 

Backed by funds from the National Science Founda
tion, the U. S .  Weather B u reau is currently staffing and 
gathering meteorological data from five stations : B yrd, 
H allett ( co-op New Zealand ) ,  Wilkes ( co-op Au stral ia ) ,  
Ellsworth (co-op Argentina ) , and Amundsen-Scott 
South Pole. Research measurements, made at these 
stations under extremely adverse con ditions,  also se rve 
two additional pu rposes : 
1 .  For operations,  measurements of meteorological ele. 
ments such as winds, air temperature and pressure, 
cloudi ness, etc . ,  are of use in local forecasting for air
craft and ship movements and for oversnow traverses.  
2. To establish climatological normals, collection of 
long-term basic meteorological data is required.  

Additional measurements, recorded for later study, 
include radioactivity, ozone, carbon dioxide,  chill  factor, 
snow transport, energy balance and other quantities . 

Most of these meteorological measurements are 
radioed daily to the International Antarctic Analysis 
Center at Melbourne, Australia, not only from the U. S.  
stations, but from practically every other station in  the 
Antarctic .  This  Center issues analyses and forecasts 
for areas south of 350 S. latitude. 

Obtain i n g  data under severe envi ronmental conditions 
( the lowest recorded temperature at the South Pole i s  
_1 1 0 0  F )  often presents unusual difficulties, sometimes 
requiring development of special equipment. Among 
the many types of instruments used are L&N Speedo
max® recorders in  the radiation programs and for plot
ting surface and subsurface temperatu res, as well as 
upper-ai r  data obtained by means of radiosonde balloons.  

This  informa tion,  supplemented by that obtained from 
weather stations of other nations,  provides answers to 
many of the meteorological questions on Antarctic wea
ther, and raises many new questions. This ,  then, i s  the 
continuing role of the U. S .  Weather B u reau : to 
measure, study and evaluate Antarctic weather elements 
and to determine their global weather effect. 

Although your research and test operations may not 
be performed under conditions as ri gorous as those i n  
t h e  Antarctic, y o u  m a y  value t h e  continu ity of opera
tions, the u nwaverin g  preci sion, and the freedom from 
annoying mai ntenance which users of Speedomax re
corders and other L&N instruments i nvariably encounter. 

To d i scuss any problem i nvolving measurement, data 
handling or control, contact your nearest L&N office, or 
4935 Stenton A venue, Phi ladelphia 44,  Pa. 

LEEDS & NORTHRUP 

Pioneers in Precision 
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"Bless my whalebone, Mr. Chutney, 
I 've never even tasted one ! "  

" But I don't understand.  Don't whales live on plankton ?" 
" Yes , M r .  Drinkley , we d o .  But they ' re s o  
dang ' d  small they slither past your upper plate 
like schoolfish at recess bell . Actually we eat 
Pteropods or Krils . They ' re bigger . They eat the 
plankton . " 

"Th at's pretty slick. You can't h andle the plankton so the kril 
eats them for you, and you eat the kril !" 

"Just like K Cj S." 
" What ' s  that,  M r .  Chutney ? "  

"K Cj S . . . K ulicke and Soffa is something like your kril. " 
" Are they crustaceans too ? "  

" Good h e avens no, M r .  Wh ale, they're people. M r .  Chutney 
means that K & S m akes precision instruments with which 
other people h andle,  assemble and test things that aren't m uch 
larger than a plankton. Some m ake transistors, some . . .  " 

" Ridiculou s ! This interview has deteriorated to 
the point of idiocracy ! Beside s ,  I 'm late for dinner 
already. I ' m  supposed to meet my wife under the 
Ross ice shelf. She ' ll be furious ! "  

Transistor, sem iconductor and m icrocircuit manufacturers 
acclaim K & S products beca use they ' re precise and easy - to
use . If you too manipulate things . . .  a lmost anything . . •  

which border on the m icroscopic, send for a complete K & S 
catalog. You ' ll have a wha le of a tim e just marveling at the 
precision and ingen uity of the many K & S devices. 

K U L I C K E  a n d  S O F F A 
M A N U F A C T U R I N G  C O M P A N Y  

1 35 C O M M E R C E  D R I V E . I N D U ST R I A L  PA R K ' F O R T  WAS H I N GT O N . P E N N A .  
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tion of ocean "frontal" zones, such as 
the zone of the Antarctic Convergence. 
He finds that seasonal changes in the 
geographical position of this zone cor· 
relate rather closely with seasonal 
changes in the meridional component of 
air pressure gradients over the Southern 
Ocean. 

Harry Wexler, the late director of re
search for the U.S. Weather Bureau, 
concluded independently that the Ant
arctic Convergence is caused by mete
orological factors. Wexler believed, 
moreover, that wind strength determines 
whether a frontal zone will be a conver
gence or a divergence. Klaus Wyrtki, a 
German investigator, has reached much 
the same conclusion. Thus, as a result of 
the combined efforts of the oceanogra
phers of several countries, the dynamic 
processes in the Antarctic waters have 
received a more or less satisfactory 
physical explanation. 

. 

This does not mean, of course, that 
oceanographers have no more work 

to do in the Southern Ocean. I shall 
mention only one outstanding gap in our 
knowledge. The volume of water ex
changed between the Southern Ocean 
and the oceans to its north varies con
siderably from season to season and 
from year to year. Such variability can
not help but influence the heat exchange 
of the Southern Ocean and therefore the 
atmospheric circulation over it. At pres
ent, however, we lack a quantitative 
estimate of this variability. 

To fill this gap in knowledge we need 
a sharp increase in radiation measure
ments on research ships and at all island 
stations. There should be an interna
tional effort to make systematic deep 
observations over a period of many years 
in several sections across the Antarc
tic Circumpolar Current, repeating the 
measurements made most recently by 
the Soviet Marine Antarctic Expedition. 
In addition, periodic observations, at 
three-to-five-year intervals, should be 
made in large meridional sections ex
tending from the coast of Antarctica to 
the northern latitudes in each of the ad
joining oceans, the Atlantic, the Pacific 
and the Indian. 

Such observations will provide the 
data necessary to reveal variations in 
the exchange of heat between the South
ern Ocean and its neighbors to the north 
and to show how this heat exchange in
fluences both atmospheric and oceanic 
circulations. A thorough understanding 
of these mechanisms will be of invalu
able help in making long-range fore
casts of weather and climate for the 
entire planet. 
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Modern stainless steel technology is making brightwork brighter and more economical 

thap. ever. In huge, new, specially constructed furnaces, stainless steel sheet is 
bright annealed-heated in precisely controlled atmospheres. The 

H ow to cut the 
cost of beautiful 

brightwork 

process improves workability without reducing surface brightness. 

Manufacturers of brightwork and trim often find that bright 

annealed stainless steel requires less costly buffing. And, by 

reducing the possibility of chromium depleted areas, bright 

annealing gives stainless steel greater resistance to corrosion. 

Leading producer of stainless and alloy steels, R E P U B L i e  
Republic offers bright annealed ENDURO® Stainless Steel in widths 

� to 56 inches. Call your nearest representative for information or write: 5 T E E  L REPU Lie 
Republic Steel Corporation, Department SA-4407-A, 1441 Republic C L E V E L A N D  1 .  O H I O  • 

Building, Cleveland 1, Ohio. 
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A Hewlet t-Packard 
precision frequency/time 

s tandard sys tem is 
reflected in the deposited 

gold surface of a glass
encapsula ted quartz 

crys tal. Advanced 
technology produces 
crys tals tha t assure 

high accuracy in 
the system. 
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PROGRESS in measurement . . .  

. .  . accuracy comparable to 8/10 inch 

in 25,000 miles, from frequency 

stability of 5 parts in 10lO/day 
Successful programs of space navigation, missile con

trol, and modern communication depend on highly 
accurate time and frequency measurements. Today, 
the quartz-controlled frequency/time standard is the 
most used basic reference for precise measurement. 

Hewlett-Packard, to assure accurate and dependable 
performance of the standard systems it builds, de
signs and manufactures the quartz crystals which de
termine basic system accuracy. 

rtjJ manufacturing specifications for quartz crystals 
are exact and unyielding. For example, crystal thick
ness governs frequency. Hewlett-Packard's tolerance 
for this dimension is 70 billionths of an inch . 

If the angular orientation of the crystal's surface to 
its atomic structure is not exact, even small tempera
ture changes can affect frequency. To minimize this 
effect, rtjJ controls the generation of the surface in 
atomic space to a few seconds of angle. 

Mechanical stress on the crystal affects its frequency. 
Hewlett-Packard prevents stress by suspending each 
crystal on a unique kinematic support-the nearest 
thing to floating in space. 

To eliminate contaminants which can cause long-term 
frequency changes, the crystal is first placed in a dry 
nitrogen atmosphere filtered to 0.3 microns. Then 
contaminants are boiled away at 3000 C, the crystal 
is gold plated by vacuum deposition and sealed in an 
evacuated glass envelope. 

Finally, the crystal's characteristic curves are plotted 
and the optimum temperature for operating stability 

is determined. The crystal is then housed permanently 
in its oven, and the oven set to the optimum tempera
ture. Under extreme environment this temperature 
varies less than ± 0.01° C. 

The sta b i l ity a nd re l i a b i l ity 

thus achieved have made 

Hewlett · Packa rd freq uency /  

t i me sta ndard systems wide

ly u sed refe rences i n  la bora

tories concerned with pre

c i se measurement. The typ o  

i ca l  � system shown here 

i n c l udes (top to bottom) � 
113 B R  Freque ncy Div ider  

and C l ock, � 103AR Quartz 

Osci l lator a n d  � 725AR Sta ndby Power Supp ly. Model  113BR pro

vides t i m e  signa l s  prec ise to 1 m i c rosecond,  and a l l ows accurate 

syste m ca l i brat ion  with WWV sta ndard s  broadcasts; pri ce, $2,750. 

Mode l l03AR provides 1 M C  and 100 KC s i n u so i d a l  outputs whose 

gua ra nteed long-term sta b i l i t ies  a re 5/ 1010/ day and whose short 

term sta bi  l i ty is such that 1/ 1010 ca n be expected under  l a b

oratory cond it ions;  price $2,500. Model  725AR powers the osc i l 

lator and c l o c k  a n d  assures cont i n ued operat ion i n  t h e  eve nt of 

l i ne power fa i l u re ;  pr ice,  $645. 

H EWLETT - PAC KARD C O M PANY 
1501 Page M ill Road, Palo Alto, California 

H ewlett-Pac kard S.A. ,  Geneva: Hewlett·Packard (Canada) Ltd. , Montreal: 

Boonton Radio Corporat ion, Dymec D i vision, Harrison Laboratories, I n c . ,  

Hewlett-Pac kard Associates, F. L. Moseley C o . ,  Palo Alto Engineering 

Company, Sanborn Company. Plants:  California (4), Colorado (2), Mass

ac h u setts, N ew Jersey (2) : England, Germany. 
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The Ice of the Antarctic 
Some 2,500 lniles across and an average of lnore than a mile thick, 

the Antarctic glacier is one of the InajO,. features of the earth's 

slll/ace. �Vhether it is growing or shrinking is still undetermined 

The vast ice sheet of the Antarctic 
dominates all other features of the 
region. The most interesting geo

physical problems of the Antarctic have 
to do with the warping of the earth's 
crust by the weight of the ice. The 
weather and climate of the Antarctic, 
and the ways in which they differ from 

by Cordon de Q. Hobin 

the weather and climate of the Arctic, 
are largely determined by the ice sheet. 
The meteorology in turn governs the 
character and motions of the surround
ing ocean and the native forms of marine 
and terrestrial life, to say nothing of the 
activities of human visitors. For other 
parts of the world the ice sheet repre-

DEEP ICE·CORE DRILLING is done with this well·drilling rig at Little America on the 

Ross Ice Shelf. The drill derrick is 38 feet high. The photographs on these two pages were 

made by Anthony J. Gow of the U.S. Cold Regions Research and Engineering Laboratory. 
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sents a potential source of water suffi
cient to raise sea level by an amount that 
would Rood all major seaports and low
lying land areas. 

Just how much ice is there in the 
Antarctic? Like most questions about the 
Antarctic, this one can as yet be an
swered only roughly. For more than a 
century Antarctic expeditions have been 
engaged in determining the area of the 
Antarctic continental glacier, and this 
broad but straightforward undertaking 
is almost finished. Until about 10 years 
ago, however, the thickness of the ice 
was a matter of almost pure conjecture. 
In the past decade a number of meas
urements have been made-enough to 
provide a large-scale picture of the en
tire ice sheet even though substantial 
gaps remain. 

All the thickness measurements are 
based on seismic shooting. In this tech
nique an explosive charge is set off at 
the surface or in a hole a few tens of 
meters deep. Seismic waves traveling 
outward from the explosion are refracted 
in passing through regions of different 
density and are reRected from any sur
face where the density or elasticity in
creases abruptly. Seismometers at vari
ous distances from the source record the 
time required for the reRected or re
fracted waves to reach them. With 
enough data it is possible to deduce the 
paths of the waves, their velocities and 
therefore the depth of various layers un
der the surface. 

ReRection shooting, or echo sounding, 
is the simpler of the seismic methods 
and the one more commonly used. In 
principle it works like echo sounding 
at sea: the depth is computed from the 
time required for a signal of known 
velocitv to travel down through the ice 
and back up again after being reRected 
by the rock surface underneath. In prac
tice, however, a number of factors com-
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ICE SECTIONS from depths of 71 (top) and 300 meters (bottom) 

at Byrd Station are magnified 3.25 diameters (a grid square rep· 

resents one square centimeter). The numerous tiny gray, white and 

black spherules are air bubbles trapped in the ice. With increased 

depth ice crystals tend to become larger and air bubbles smaller. 

The deeper ice was deposited as snow about 1,600 years ago. 
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"SNOW MINE" at the South Pole is a tunnel that descends 90 feet 

below the surface. Sets of gauges (in crossbar arrangements like 

the one seen here) have been installed at several levels in the mine 

134 

to measure the pressure on the tunnel walls and the rate at which 

they are moving together. The temperature in the mine is constant 

at - 61 degrees Fahrenheit. Glaciologist checking gauges is Gow. 
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bine to make reflection shooting on the 
ice sheet considerably more complicated 
and difficult. To begin with, the record
ing seismometer cannot be located at the 
point of explosion; the movement of the 
ice is too violent. Second, the surface of 
the rock below the ice mav not be hori
zontal; thus seismic waves reflected from 
the rock may arrive at an angle. Correc
tions for such geometrical factors, how
ever, can be easily applied. A more 
serious problem arises from the varietv 
of motions that can travel through ice. 
Whereas water transmits only compres
sions (P waves) , ice, like the solid earth, 
also transmits transverse vibrations (S 
'waves) and circular, or rolling, vibra
tions along the surface (L waves). It is 
not always easy to pick out the desired 
signal-P waves reflected from the rock 
surface below the ice-from the melange 
of wave types that reach the recording 
station [see illllstration on page 139]. 

S till another complication is introduced 
by the varying density of the snow 

and ice and the varying speed of seismic 
waves in their upper layers. Over most of 
Antarctica the temperature does not rise 
enough in summer to melt the snow at 
the surface and allow it to turn into ice 
by refreezing. Instead the fallen snow 
gradually hardens into the solid but po
rous intermediate stage between snow 
and ice known as fim, or neve, which is 
compressed into ice at a certain distance 
below the surface. The density of Ant
arctic fim usually starts at .3 to .4 gram 
per cubic centimeter near the surface 
and increases with depth. Between 50 
and 100 meters (some 150 to 300 feet) 
it reaches a value of about .82 gram per 
cubic centimeter. At this point the mate
rial is no longer porous and is classified 
as ice. It still contains small air bubbles, 
which are squeezed further until, at a 
depth of 150 meters or more, the density 
of the material is close to that of pure ice. 
In general the density increases more 
rapidly with depth in the coastal regions 
than it does in the colder plateau of the 
interior. 

The velocity of seismic waves through 
a given material is roughly proportional 
to its density. Consequently the waves 
from an explosion speed up as they move 
deeper into the firn and then into ice 
of increasing density. Conversely, the 
waves reflected from the bottom begin 
to slow down when they reach the firn 
laver. To correct for these effects in an 
echo-sounding measurement it is neces
sary to know the exact relation of veloc
itv and depth. This can be learned by 
refraction shooting. 

Because of their increasing speed, 

DRILLING ICE CORES in wall of the snow mine at the South Pole are Rene O. Ramseier 

(left) and Edward J. Oliver of the U.S. Cold Regions Research and Engineering Laboratory. 

"WORK ROOM" of the snow mine also provides storage space for snow samples (on shelf 

in background). The steel tubes on the worktable are containers for melting ire ('ore,. 

Oliver looks on as Ramseier tests the strength of a tim sample in a compression gauge. 
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waves traveling obli(lUely down through 
the firn are refracted continuously and 
increasingly upward. Some of them are 
bent enough to return to the surface 
without ever leaving the Brn layer. Of 
these the waves arriving at more distant 
points from the explosion will have pen
etrated deeper [see top illllstration on 
page 138]. Travel times are recorded at 
a number of stations ranging out to a few 
hundred meters from the source. From 
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a plot of the times against distance the 
change in velocity with depth can be 
computed. 

Once the seismic waves reach ice of 
maximum density they travel at practi
cally constant speed until they come to 
the underlying rock. There the portion 
of the energy that is not reflected enters 
the rock, speeds up and is refracted in 
an upward direction. As explained in 
the following article ["The Land of the 
Antarctic," by George P. Woollard, page 
151], a wave refracted along the rock 
surface and leaking back into the ice 
will overtake waves traveling entirely 
through the ice at some distance from 
the source. If the speed in the rock is 
known, the depth of the ice can be com
puted from the distance at which the re
fracted waves begin to arrive first. This 
offers an accurate check on depth meas
urements by echo sounding. Deep re
fraction shooting, however, requires a 
heavy explosive charge and a line of re-

ceiving stations perhaps 20 kilometers 
long. It is an expensive and difficult pro
cedure in the Antarctic and has only 
been carried out in about a dozen places. 

Nl seismic measurements in Antarctica 
.L are plagued by noise. The winds 
that continually buffet the snowy ex
panses set up vibrations in sensitive seis
mometers. Reverberations persist longer 
at low temperatures. Because of its re
fractive properties the Brn layer acts 
as a wave guide, trapping a large part 
of the energy from shallow explosions 
and converting it to surface waves. 
When the firn temperatures are colder 
than 30 degrees below zero centigrade, 
which is the case on most of the Antarc
tic plateau above elevations of about 
2,000 meters (6,600 feet), the large sur
face waves cause prolonged intermittent 
noise on the seismic records, possibly as 
a result of the collapse of weak layers 
in the firn. These disturbances make the 
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The significance of the deuterium content is explained in the text. 

Years at right indicate when various ]ayers were first 1aid down. 
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faint echoes almost impossible to detect. 
The onlv way to overcome the difficult v 
is to fir� the explosion at such a depth 
that little energy is captured in the sur
face layers. Near the edge of the plateau 
shot depths of 12 meters (40 fect) 
sometimes give satisfactory results, but 
in general it is necessary to go down 30 
to 60 meters. 

Every reading Oil the Antarctic pla
teau is more or less obscured by noise. 
One cannot easily assess the reliability 
of results without seeing the seismic rec
ords, and few have been published so 
far. At the South Pole in particular differ
ent workers have measured different 
depths. The author would assess the 
present situation as follows: Most re
sults in areas with a surface elevation 
of less than 2,000 meters can be con
sidered well proved. Thev cover the 
periphery of the continent to about 200 
kilometers in from the coast, as well as 
most of West Antarctica. Farther inland 
there have been enough measurements 
using shot depths of 30 to 60 meters to 
show that the great ice thicknesses found 
near the coast continue and that the 
subglacial Hoor of East Antarctica lies 
near and even below sea level in several 
regions. Although it seems likely that 
some depths reported for the Antarctic 
plateau will need revision, any changes 
will probably be of regional rather than 
continental significance. 

In addition to making echo soundings, 
most of the parties that have recently 
traversed Antarctica have measured the 
value of gravity at intervals as short as 
three to five kilometers. The force of 
gravity at any point depends on the 
mass of the material under that point, 
and so variations in thickness of the ice 
will cause small variations ill gravity. 
With rock of normal densitv under
neath, a change of ice thickness of about 
14 meters (45 feet) will produce a 
change of one part per million in gravity. 
Modern gravimeters can easily measure 
such small differences, but difficulties 
arise in interpreting the readings, be
cause a change in surface elevation of 
only three meters will also produce 
a gravity change of one part per million. 
Variations in elevation between succes
sive observation points should therefore 
be measured to an accuracy of about one 
meter, and for similar reasons changes 
in latitude should be determined to 
about a tenth of a mile. This accuracv 
is now attainable, so that gravity meas
urements can furnish a useful indication 
of the variation in ice thickness. In some 
cases, however, local changes of rock 
density below the ice can be confused 
with changing ice thickness, and the 

-

LAYERS OF SNOW are marked Ollt with pencils by Cow at the beginnin� of a "pit study." 

The pit, which is abolll eight feet deep, is lo('ated near the sno\\ mine at the South Pole. 

\ 

\ 

.0 
"61 

\ �I 
LA YERS ARE LABELED according to the year in which they were originally laid down.  

Separate layers can be distinguished easily even without the cards that date them. Three 

snow samples still to be extracted are at center. The gauges measure snow temperature. 
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changes of gravity anomalies from one 
region to another, discussed by Woollard 
in the following article, mean that grav
ity results must be adjusted by reference 
to seismic shooting measurements at in
tervals of about 80 kilometers (50 miles) . 

Putting together all the measure
ments made so far, it appears that the 
mean thickness of the 11,5 million 
square kilometers (4.4 million square 
miles) of the Antarctic ice sheet, ex
cluding the floating ice shelves, must be 
more than 2,000 meters (6,600 feet) 
and possibly as much as 2,500 meters 
(8,200 feet). What if the ice were to 
melt? Since the area of the oceans is 
about 32 times the area of Antarctica, for 
each 34 meters ( 1 12 feet) of ice melted 
off the Antarctic ice sheet, sea level 
would rise one meter (3.3 feet). Total 
melting of the ice would raise the world
wide sea level by about 60 meters (200 
feet) if the Antarctic continent did not 
rise up or the ocean floor sink when the 
ice load was transferred to the oceans . 
If the ocean floor were to sink, the esti
mate of the rise in sea level would have 
to be reduced to 40 meters ( 130 feet) . 

N ow that the present quantity of ice 
has been established, the next yues

tion is whether it is now increasing or 
decreasing, and how fast. Every year 
an average of 30 to 60 centimeters (one 
to two feet) of snow falls on Antarctica. 
Some blows into the sea and a little 
evaporates, but most remains to be 
gradually compressed into a layer of ice 
with an average thickness of 10 to 20 
centimeters, which weighs one to two 
million million tons. 

Recent exploration has shown that the 
surface slopes down toward the coast all 
over the continent; therefore the ice 
flows everywhere toward the sea. The 
ice discharges into the ocean either di
rectly from glaciers or by way of the 
large Hoating ice shelves surrounding 
much of the continent. The problem is 
to determine whether or not this out
flow is in balance with the annual accu
mulation over the continent. 

The loss of ice over the entire con
tinent is extremely difficult to measure. 
�Ieasurements have tended to be con
fined to the more accessible glaciers. 
There are satisfactory figures for the 
outward creep of smooth areas of ice 
near coastal mountains but very little 
data on the velocity and thickness of the 
wider and more rapidly flowing glaciers, 
which are often impassable to surface 
vehicles because of heavy crevassing. 
Ideally all discharges should be meas
ured along the line at which the glaciers 
start to float, since heyond this line the 
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effect of melting will not change the sea 
level. In practice it is easier to observe 
the movement of the seaward face of ice 
shelves, b�:t in order to relate this move
ment to the discharge of inland ice one 
must allow for accumulation on top of 
the shelves and for possible melting on 
the bottom. 

The most recent estimates of the an
nual ice budget range from a gain of 
1.32 million million tons to a loss of .41 
million million tons. These figures are 
eyuivalent respectivelv to the addition 
of 9.9 centimeters (3.9 inches) of water 
over the entire continent and to the 
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subtraction of 3.1 centimeters ( 1.2 
inches). The corresponding effect on sea 
level ranges from a drop of 3.6 milli
meters (.14 inch) to a rise of 1.1 milli
meters (.04 inch). Estimates of annual 
loss still vary more widely than do the 
figures for annual accumulation, It will 
probably be another decade or two be
fore the budget method can provide 
a moderately accurate answer to the 
mass-balance problem. 

The most direct indicator of changes 
in the ice mass is the level of the ice 
with respect to protruding mountains 
and nunataks. Unfortunatelv such fea-

tures are confined to the borders of East 
and West Antarctica, Seismic and gravi
tational methods, with a potential ac
curacy of the order of five or 10 meters, 
are inadeyuate to detect the small 
changes in thickness that may be occur
ring. Even if their accuracy is improved, 
the difficulty will remain of repeating a 
measurement at precisely the same point, 
because positions on a moving ice sheet 
can be fixed only by relatively inaccurate 
astronomical methods. The surface of 
the high central dome of the ice sheet 
cannot be rising more than six to 10 cen
timeters (two to four inches) per year, 
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SEISMIC SHOOTING produces a variety of disturbances that can 

travel through ice: compression (P), transverse (S) and surfaee 

(L) waves ; R is a compression wave reflected from the roek below 

the ice ; 0 indicates the shot instant on all traces, which are the 

records obtained by the French Polar Expeditions in 1952 of eight 

shots on the Greenland ice sheet. Six seismometers, 50 meters apart, 

were used for each shot. Distance of closest and farthest seismom· 

eters for each shot appears at left. Some traces are omitted. 
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ECHO SOUNDING, or rellection shooting, is complicated by 

"noise" that oi'ten drowns out a reflected wave. In two seismic rec-

ords obtained by A_ P. Crary in the Antar('tic, echo appears clearly 

after 1.8 seconds in one (top), hut is lost in the other (bottom). 

the rate of precipitation in this region. 
Therefore it may take as much as a cen
tury before present methods of direct 
observation can establish whether or not 
the level of the central part of the ice 
sheet is changing and, if so, how fast. 

One experimental approach remains: 
to trv to deduce the variation of the 

Antarctic ice mass indirectly from the 
observed changes in world-wide sea 
level. According to the most widely ac
cepted figure, the sea level has 

'
been 
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rising at about 1.2 millimeters per year 
during the first half of the 20th century. 
It is possible that variations in the mean 
temperature of the oceans together with 
changes in the mass of glaciers outside 
Antarctica can account for this rate of 
increase. About all one can say at pres
ent is that the observed rise in sea level 
casts doubt on the larger rates of fall 
predicted by some Antarctic ice budget 
figures. 

Finally, the problem of variation in 
the mass of ice can be attacked theo-

retically, by applying what is known 
about the mechanical properties of ice. 
Over the past 12 years laboratory and 
field studies have provided a consider
able amount of data on the flow of ice 
under stress. The rate of flow is small 
under small stresses, but it increases 
rapidly, approximately in proportion to 
the cube or fourth power of the applied 
stress. A thick ice sheet that discharges 
into deep ocean on all sides, and there
fore has a constant base area, will flow 
faster or slower in such a way that 
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changes in the rate of accumulation have 
little effect on the total mass. Computa
tions show that halving or doubling the 
annual snowfall on the Antarctic conti
nent is unlikelv to change the equilib
rium value of the ice thickness by more 
than 10 per cent, which would corre
spond to a change in sea level of four 
meters (13 feet) . .\1oreover, it would 
take some thousands of years for the ice 
sheet to reach its new equilibrium. 

How well does the theory fit the 
available evidence? One test is to com
pare different ice sheets. The illustra
tion on this page shows profiles across 
four ice sheets that rest on bedrock lying 
within a few hundred meters of sea level. 
Although the un deriving rock surface 
varies considerably, and the accumula
tion ranges from 50 centimeters per year 
in central Greenland to less than 10 
centimeters per year on the high Ant
arctic dome, the ice profiles are much 
alike, as the theory predicts. 

Although the Antarctic ice sheet is 
now probably quite stable, it has 
changed substantially over long periods 
of time. Some exposed mountains show 
evidence of erosion and deposition bv 
ice that must have been at least 600 
meters (2,000 feet) thicker than at 
present. The increase was most Iikelv 
due to an enlargement of the base area. 
Lowering of sea level bv the formation 
of ice sheets in the Northern Hemisphere 
would have caused the grounding of 
large areas of ice shelves around Ant
arctica. The shclves would then have 
thickened until they reached a value ap
propriate to inland ice. If this explana
tion is correct, evidence of the greatest 
former thickening should be found in 
todav's coastal areas. This seems to be 
the case from the limited observations 
made so far. 

The parts of Antarctica most vulncr
able to an\' general warming of climate 
appear to be the ice shelves, with an 
area of about t\\'o million square kilo
meters (800,000 sCluare miles), and 
those sections of the inland icc resting 
on rock that is well belo\\' sea level. Melt
ing of the ice shelves would not affect 
sea level. If all the vulnerable inland 
ice were to melt, the total ice mass of 
Antarctica would decrease bv 10 to 20 
per cent and sea level would rise by two 
to six meters (seven to 20 feet) . 

L n the foregoing discussion of glacial 
- flow and equilibrium it has been as
sumed that the ice spreads out uniformly 
under its own weight. Some glaciers, 
however, have a tendency to move in 
surges. It is therefore worth considering 
whether or not the Antarctic ice sheet is 

likely to undergo a catastrophic advance 
on a large scale. Some surges are 
thought to take place in glaciers with 
bottom temperatures slightly below the 
melting point. When the solid ice is sub
jected to a large enough force, it begins 
to flow. This releases frictional heat that 
melts the bottom surface of the ice, 
thereby allowing it to flow much faster 
and producing a surge. In the case of 
Antarctica, bottom temperatures have 
not been measured directh- below thick 
inland ice. The theon' of heat conduc
tion, however, indicates that bottom 
temperatures are probably at the melt
ing point under the central part of the 
ice sheet and under rapidl\' moving dis
charge glaciers. Colder bottom tempera
tures are more likelv under the outer 
parts of the ice sheet. Since faster dis
charge glaciers cut through these ollter 
areas. one would not expect the icc to 
surge over a large part of Antarctica at 
one time. 

So much for large-scalc studies of the 
Antarctic ice sheet. Another line of in
vestigation is concerned with the de
tails of its stratigraphy. Close to the 
surface the firn is divided into distinct 
lavers differing from one another in 
density, hardness, crystal size and tex
ture. The lavering refiects seasonal varia
tions in temperature and precipitation, 
and it affords a means of deducing the 
net annual accumulation in most areas 
[see illustration on page 1.36]. 

In recent vears the development of 
isotope techniques has provided a 
further powerful tool for stratigraphic 
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studies. Most of the molecules in atmos
pheric water vapor are composed chief
ly of oxygen of atomic weight 16 and 
hydrogen of atomic weight one. There 
is also, however, a small percentage of 
oxvgen 18 and hvdrogen 2, or deuterium. 
When ice forms from water vapor in 
clouds, the heavier molecules tend to 
freeze first. Therefore as a cloud be
comes progressiveh' colder, for example 
when it moves up a mountain rangc, the 
concentration of deuterium and oxvgell 
18 tends to fall. Cloud temperatures 
also val'\' with season and location on 
earth, becoming colder as one moves 
toward the poles. Consequentlv the 
amount of the heavier isotopes in snO\\' 
and ice varies with season and decreases 
at higher latitudes with lower mean an
nual temperatures [see illustration 011 
page 144]. Striking seasonal variatiom 
in the ratio of oxvgen 18 to oxvgen 16 
have been found in Greenland in 800-
�'ear-old ice at a depth of :300 meters. 
At this depth other tvpes of stratification 
have practically disappeared. Isotope 
studies therefore provide a means of 
measuring the variation in precipitation 
in ice sheets over the past 1,000 years 
and more. 

The possibilitv of using isotope ra-

---------- CENT RAL GREENLAND 

NORTH GREENLAND 

___________ ANTARCTICA 

(95° EAST LONGITUDE) 

ANTARCTICA 

(140° EAST LONGITUDE) 

,,' ------_ .. ---_. 
i 

1 
, - - = ��:-��:-::::.:;"------

- - - - 1 
t I 

200 300 400 500 600 700 
DISTANCE FROM COAST (KILOMETERS) 

SIMILARITY OF ICE·SHEET PROFILES, in spite of differences in the rock surfaces 

underlying them and in accumulation rates, confirms the theory of ice flow discussed in the 

tex\. Key to ice and rock profiles is at top right ; vertical scale is greatly exaggerated. 
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tios as a type of "fossil" temperature 
indicator also appears promising. Here 
matters are complicated by the fact that 
ice formation represents only one side 
of the evaporation-precipitation cycle. 
lf a world-wide climatic change were to 
lower the temperature of the whole 
cycle, the amount of different isotopes 
precipitating in any given region might 
not change with temperature as it now 

does. Hence it seems that the fossil 
temperature technique may be limited 
to detecting relative changes of tem
perature among different regions rather 
than global variations in climate. 

Another isotope technique, which has 
been used only in Greenland so far, 
is carbon-14 dating of the carbon di
oxide in air bubbles trapped in ice. Sev
eral tons of ice must be melted to provide 
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enough carbon dioxide for each deter
mination. P. F. Scholander of the Scripps 
Institution of Oceanography has carried 
out several measurements on ice dis
charged by glaciers into the fiords of 
western Greenland. The oldest sample 
obtained was 3,100 years old, plus or 
minus 150 years. Oxygen isotope ratios 
in the same material, determined bv the 
Danish glaciologist W. Dansgaard, in-

Cl0i��\'-\��\J\)\.�\'-\\) • . - - . . 
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FOUR SECTIONS through the Antarctic ice sheet (color) and the 

('ontinent and continental shelf (hatched areas) are based on data 

obtained largely in the past decade. One seetion (bottom) passes 
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only through the continental shelf. At the edge of the shelf the 

land mass begins to slope rapidly downward. On the greatly ex· 

aggerated vertical seale used here, one inch equals 9,800 meters. 

© 1962 SCIENTIFIC AMERICAN, INC



purposeful imagination .... in concept 

The men of Aerospace, a corporation chartered exclusively to serve the United States Government, blend the full 

resources of modern science and technology in developing concepts for advanced ballistic missile and space systems. 

o With the Air Force-science-industry team, the men of Aerospace marshal individual talents for the full 

exploration and assessment of advanced concepts, selected for significant potential. Aerospace contributes 

advanced systems analysis and planning; theoretical and experimental research; general systems engineering and 

corresponding technical direction of programs. 0 Aerospace Corporation, an equal opportunity employer, now needs 

more men to meet these responsibilities. Highly skilled engineers and scientists with advanced degrees, knowledgeable 

in interdisciplinary problem solving, are urged to contact Mr. Charles Lodwick, Room 120, Aerospace Corporation, 

p. o. Box 95081, Los Angeles 45, California. Cl Organized in the public 

interest and dedicated to providing objective leadership in the advancement �AE R 0 S PAC E 
and application of science and technology for the United States Government. � CO RPO RATION 
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in antarctic 
research 

A TI Geosciences Department ocean
o g r a p h i c  d a t a - g a thering t e a m  i s  
aboard the NSF's antarctic research 
ship Eltanin.  
In oceanography, seismology, gravi
metry, geomagnetism, geochemistry 
and terrain analysis Tl is there . . . in 
both government  and c o m m e r c i a l  
programs .  
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For details on 
TI's science service 
capabilities, write . . .  

TEXAS I N ST R U M E N T S  
I N C O R P O R A T E D  

S C I E N C E  S E R V I C E S  D I V I S I O N  
1 1 00 E X C H A N G E  B A N K  B U I L D I N G  

D A L L A S  3 5 .  T E X A S  
GEOSCIENCES DEPARTMENT 
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MEAN ANNUAL AIR T EMPERATURE ( DEGREES CENTIGRADE) 

CLOSE CORRELATION between ratio of oxygen 18 to oxygen 16 in precipitation ( com· 

pared with that in sea water ) and temperature makes possible study of past precipitation 

at depth s where other data are lacking. Illustration is based on study by W. Dansgaard. 

clicated that the ice was deposited at a 
mean annual temperature of 30 .6 de· 
grees below zero C. At present such tem
peratures are found on the ice sheet 
some 460 kilometers in from the coast of 
Greenland. This distance, combined 
with the age of the sample, indicates that 
the ice has moved an average of 170 
meters per year. Mean velocities of 110 
to 270 meters per year were computed 
for seven younger samples, all in ap
proximate agreement with the estimated 
velocities for a stable ice sheet. 

Now that it is feasible to date strati
graphic layers in ice over periods 

of 1,000 years, glaciology can provide 
data of interest to other fields of study. 
The applications to climatology have al
ready been mentioned. It is possible that 
changes in the composition of the at
mosphere can be traced by analysis of 
trapped bubbles. Any substance depos
ited from the air-micrometeorite mate-

rial from space, dust from volcanic ex
plosions, microorganisms and so 011-
is preserved and can be dated in the polar 
ice sheets. A deep-drilling rig that has 
been tried out in Greenland will proba
bly be moved to the Antarctic during the 
coming summer season. This equipment 
will produce cores of ice adding up to a 
depth of 2,500 meters, representing the 
accumulations of tens or hundreds of 
thousands of years. 

Glaciology may also contain valuable 
lessons for geologists. Glaciers and ice 
shelves constitute a mass of material of 
reasonably well-known physical proper
ties that is spreading out under its own 
weight and folding and shearing. The 
earth's crust and mantle appear to be 
subject to somewhat similar systems of 
stress and strain. Ice deforms on a scale 
of magnitude intermediate between 
those of the laboratory and those of the 
solid earth, and it deforms with sufficient 
rapidity so that its motions, unlike most 
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Wyle Laboratory, at its Norco , California, facility, 
tests the structural soundness of Minuteman, Polaris, 
and Skybolt missile stages under transportation con
ditions with a battery of four multiplexed Model 1012 
Visicorder oscillographs. The total Wyle-Honeywell 
system at the three Wyle test sites includes eight 
1012 Visicorders, 84 Accudata III  amplifiers, and a 
14 channel FM tape system . 

The Wyle test site uses Wyle hydrashaker systems 
of about 100,000 force pounds, mounted on million 
pound concrete reaction blocks . . .  the only installa-
tion of its magnitude in the country. The hydra-
shaker exciters introduce vibration into the missiles , , .� 
comparable to those encountered during transporta- � 
tion prior to launching. 

The specimen record shows data recorded from 
accelerometers on the third stage of a missile at the 
locations marked on the record . 

The fidelity , contrast , and easy readability of all � 
Honeywell Visicorder records is vividly shown in this 
record . Where traces are numerous and of this com-
plexity or greater, the trace-identifier interruptions, 
occurring at regular in tervals along the time base of the ) 
record , make it easy to identify the individual traces. 

For details about Honeywell Signal - Conditioning . 
equipment, the Model 1012, and other Visicorder oscil-

' 

lographs, and the LA R 7400 FM Tape Sub-system ' . 
write Minneapolis-Honeywell, Heiland Division,  4800 
E. Dry Creek Road, P.O. Box 8776, Denver 1 0, Colo
rado. Telephone DDD Area Code 303-794-431 1 .  

T h e  H o n e y w e l l  
LAR 7400 FM tape 
sy s t e m  s t o re s  1 4  
channels of data 

A battery of multiplexed Model 
1012 Visicorders directly re
cords 1 1 2  parameters of infor
mation 

Honeywell 
[j!) �t L.t, � 
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OUTPUT VOLTAGE -VOLTS 

Designed to s imu late the characte ristics 
of a bank of solar ce l l s  operating under 
constantly changing conditions of l ight 
intensity and color, and temperature 
variations, NJE's C ustom Power Supply 
has accurately performed the un ique 
task of testi ng the sophisticated com· 
ponents that a re the heart of so lar· 
powered sate l l ites. Currently in use, 
this p reci sion·engineered power supply 
system is  programmed to dup l icate, 
within 1 %, the energy that solar ce l l s  
would receive a n d  convert from t h e  sun.  
For compl ete i nformation on  a wide range 
of custom power supp l i es, write today ! 

C O R PO R AT I O N  ..... 
Electronic Development & Manufacturing 

20 B O R I GHT AVE N U E . KEN I LWORTH, N. J .  
BR 2-6000 • TWX Cranford, N. J . •  FAX-FFP 
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earth movements, can be measured in 
a short space of time. Glaciology may 
even be able to throw light on the mys
tery of continental drift. Johannes 
Weertman of Northwestern University 
has recently made a detailed study of 
the forces governing the thickness and 

spread of the Antarctic ice shelves. H e  
has shown that, assuming a mean tem
perature difference of no more than 30 
degrees in the earth's mantle under the 
different oceans, the same kind of force 
could make the continents  wander over 
the face of the earth . 
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SEASONAL V A R I ATIONS i n  precipitation on the Greenland i cecap are reflected i n  th is  
graph, w h i c h  sho\V s variations in the ratio o f  oxygen 18 t o  oxygen 1 6  ( compared w ith the 

same ratio in sea water ) at different levels of a deep bore hole. The summer snows have 
the hi ghest values ; wi nter snow s, the lowest. At 300 meters the ire is about 800 yea rs old. 
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T h e  word "gea r "  i n  o u r n a m e  kee p s  ex p a n d i n g i n  t h e  h ea t  of p rogre�s 
" . 

Str i k i ng wh i l e  the i ro n  i s  hot h a s  kept the word "gea r" i n  o u r  name growi ng i n  i m porta nce s i nce 
1 888. Si nce the days of horseshoes a nd steel -ti red wago n wheels ,  Wester n  Gea r  has grown to 
seve n d iv is ions ,  des ign i ng a nd ma n ufact u r i ng sta n d a rd a nd spec i a l  e l ectromecha n ica l powe r 
tra n sm iss ion eq u i pme nt. The word "gea r" i n  Wester n  Gea r n ow a p p l ies to ove r 500 p rod ucts. 
Th ese prod ucts ra nge from m i n iatu re rota ry e l ectr ica l eq u i pm e nt,  to system s  to com plete 

p la nt p rocess i ng mach i ne ry . Get the fu l l  story of h ow th i s  expe r ie nce a nd d iversif icati o n  ca n be of 

service to yo u r  own com pa ny's  growth . Write for Corporate Ca pa -
b i l i t ies B u l l et i n 5900. Ad d ress Wester n  Gea r Corporati o n ,  Box 1 82 ,  W Ly nwood , Ca l i f o r n i a .  O r  ca b l e  WESTG EA R ,  Ly nwo o d , Ca l i fo r n i a .  
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Little Collar is big news 
Hailed as the greatest development in 

shotshell history, Winche ster-We stern's 
radical new ((shot collar"gets more shot on 
target at longer range than ever before. 

This little collar, the first im- else happens when you fire a shot
provement in the shotshell in 17 gun. Inside the barrel, nearly half 
years, is creating a minor revolution. the shot streaks along in contact 

Inside the bright red Mark 5 with the sides. Even the most scru
shell, loose shot is held together by p u l o u s l y  m a n u f a c t u r e d  s h o t  
a tiny band of polyethylene. This becomes distorted from the friction 
collar stays around the shot until and drops by the wayside. 
after it leaves the muzzle. By protecting the shot and car-

As hunters and trapshooters rying it cleanly through the barrel, 
know, the longer shot stays to- this remarkable little collar prac
gether after it leaves the barrel, the tically eliminates friction-dis tor
more shot gets on target. You get a tion. More of the shot stays in 
denser pattern . . .  not a smaller pat- shape, stays together, and ends up 
tern but a denser one out where if where it belongs : on target. Win-
counts. This makes chester-Western's  
for more effective �I. ballistics scientists 
shooting at much _ _ 

D
call it "the best-per-

longer ranges. _ _ I forming long range 
But something """ shotshell in history." 

OLIN MATHIESON CHEMICAL CORPORATION, 460 PARK AVENUE, NEW YORK 22, NEW YORK 
C H E M I CA LS · INTEHNATIONAL · META LS · ORGANICS . PACKAG IN G . SQU)I3B . WINCHEsrER-WEsrERN 
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NOW . . .  compact automatic t ransmissions for smal l fore ign cars 
Once, few British cars could be fitted with auto

matic transmissions. Most cars and engines were 
simply too small. But now the majority can offer 

shift-free driving, thanks to Borg-Warner. Cars 
and engines are still small, but now there's  a 3-
speed automatic transmission that matches their 

size, eliminates "lugging" under low power, 

weighs only about 100 pounds and doesn't 

need a larger floor tunnel. 

The new "Model 35" is maae at the Borg

Warner Ltd. plant at Letchworth, England, 

and in the U. S. at Warner Gear Division, 

where the idea and engineering originated. 

Borg-Warner has doubled the size of the Letch
worth plant to serve British and European car 

makers. And so successful is this international 
globetrotter, now featured on a popular American 

compact car, that it soon will appear on others 

here. Compact automatic transmissions are still 

another example of better products through 
c r e a t i v e  r e s e a r c h  a n d  e n g i n e e r i n g  b y  

Borg-Warner. 

The 7 Hats of Borg-Warner are (from the top, left 
to right) national defense .. oil, steel and chemicals .. 
agriculture .. industrial machinery .. aviation .. autemotive; 
home equipment. Their benefits are with you everywhere. 

ORG-WARNER 
2 0 0  S o u t h  M i c h i g a n  Ave n u e . C h i c a g o  4, I l l i n o i s  

B e t t e r  p r o d u c t s  t h r o u g h  c r e a t i v e  r e s e a r c h  a n d  e n g i n e e r i n g  
(!)·1962. B·W Corp. 
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The Land of the Antarctic 

Because Inost of it lies below the ice, which In some places pushes 
it below sea level, it lS explored b'y sllch Inethods as setting of}' 

the r�flected and r�fracted selSlnlC waves e.rplosions and ana�yzing 

B
efore the International Geophysical 

Year very little was known about 
the continental land mass below 

the ice of Antarctica, and that little was 
derived almost entirely from observa
tions around the continent's edges. 
Soundings in the surrounding ocean 

by C. P. Woollard 

had shown that the Antarctic conti
nental shelf lies at a depth of about 
400 meters ( 1 ,300 feet) , compared with 
a depth of 100 meters for the shelves of 
all the other continents. It could be seen 
that the enormous mass of overlying ice 
is pushing down the earth's crust. An-

cient raised beaches along the coast, 
standing 100 meters above the present 
sea level, indicated that the crust had at 
one time been depressed even farther. 
On the floor of the surrounding ocean 
was found a roughly circular pattern of 
rises lying about 18 degrees from the 

SEISMIC REFRACTION SHOT sends up a geyser of snow in 

Marie Byrd Land. This photograph "as made in January, 1958, duro 

ing the Sentinel Range traverse, by Ned A. Ostenso of the Geophys. 

ical and Polar Research Center of the University of Wisconsin. 
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coast line. This feature presumably rep
resents a compensating bulge in the 
crust caused by displacement of plastic 
material from the mantle below the de
pressed continent. The rock surface it
self emerges in onl�' a few places in 
Antarctica: outcrol'pings in low coastal 
areas, the cliffs forming the inner bound-

MAGNETIC 
POLE 
(JURASSIC 
PERIOD) 

ary of the Ross Ice Shelf, and a fe\\' 
nunataks-mountain peaks-sticking up 
through the ice on the high pla(eau. 

Two great embayments, marked b,' 
the flat, low-lying ice d the Ross and 
Filchner ice shelves, face each other 
across the continent; this suggested a 
connection through the intervening rock. 

The connection was envisioned as a 
huge trough that divided Antarctica into 
two parts. There was, however, no direct 
evidence for it. The surface of the con
tinent belo.v the ice had been meas
ured only along a single path about 650 
kilometers (400 miles) long, b�r a Nor
wegian-British-Swedish expedition from 

ANTARCTIC LAND MASS, as the contour lines (ill meters) show, 

does not for the most part exceed an elevation of 3,000 meters above 

sea leveL Open dots mark the locations in the Antarctic at which 

seismic refraction measurelnenls have been taken (see upper illus� 
tration 011 page 1541. The much more numerous solid dots repre

sent the points at which sej�lni(' reflection measurements were made. 
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1950 to 1 952. This traverse delineated 
an extremely rough rock surface, lying 
well below sea level in manv places. 

One of the chief aims of the IGY pro
gram was to obtain more information 
about the land below the ice. Ground 
traverse parties, each made up of five or 
six men and equipped with two snow-

going caterpillar tractors ( Sno-Cats), 
covered a total of approximately 10,000 
kilometers. In addition two- and three
man teams traveling by airlift made 
some 20 spot landings to fill out the 
picture in critical areas. Both the ground 
and the airlifted groups took readings 
of gravity and magnetism and probed 

POLE OF 
INACCESSIBILITY J. 

\ 

the subsurface structures by setting off 
explosive charges and observing the 
transmission times for reflected or re
fracted seismic waves. Of course the 
seismic reflection observations described 
in the preceding article, by which the 
thickness of the Antarctic ice was de
termined, also served to trace out the 

DEPTH OF BASE OF ANTARCTIC LAND MASS in kilometers 

below sea level is indicated by the contour lines and their asso· 

�iated numbers. The measurements on which the contours are based 

"ere made at the points represented by solid dots. Figures [or crust· 

al thicknesses along colored lines were deduced from dispersion 

of earthquake surface waves recorded at Hallett, Scott and Mirnyy. 
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topography of the continent. But re
Rection measurements bv themselves are 
often subject to consid�rable uncertain
ty, and most of those carried out in Ant
arctica give onlv the depth to the sur
face of the underlving rock. Much more 
informative depth figures are obtained 
from seismic refraction measurements 
[see "Seismic Shooting at Sea," by 
Maurice Ewing and Leonard Engel; 
SCIEXTIFIC AMERICAI', May]. Moreover, 
seismic refraction observations can pro
vide information about the physical na
ture and the thickness of the various 

SHOT POINT 

lavers that make up the earth's crust. . 
Like the shallow-refraction method 

for studving the upper lavers of the ice, 
the deep seismic refraction technique 
can only be applied if the speed of seis
mic waves increases with depth. As Gor
don de Q. Robin explains in the preced
ing article, the top 50 meters of the ice 
are characterized bv a continuous in
crease in density and in the velocity with 
which seismic waves are propagated. 
Oblique rays are thus bent continuously 
upward. The earth's crust, on the other 
hand, is made up of more or less distinct 

layers, differing from one another in 
density, composition and in the speed at 
which they transmit seismic waves. Be
cause the lower layers have been subject 
to greater pressures over longer geologic 
periods, they are generallv characterized 
by higher densities and propagation 
velocities. When a ray passes down
ward obli(luely through the crust, it is 
refracted upward at each interface be
tween layers. 

At every interface there is a crit
ical angle of incidence for which the 
refracted rav travels along the surface of 

RECORDING SITE 

REFRACTION SHOOTING provides information about the vari. 

ous layers of the earth's crust. Of the foul' shot waves represented 

here, the first travels directly along the surface of the top layer, the 

se('ond is reAected and the bottom two are refracted I i.e., bent). As 

explained in the text, the first wave to arrive at the "recording site" 

comes from the deepest layer, the second from the next deepest 

layer, and so on. The increased speed of sound in the deeper layers 

overcomes the tinle necessarily lost in traveling a longer path. 

r 
w 
2: 
I-

DISTANCE ---;;.> 

PLOT OF FIRST ARRIVALS of shot waves recorded at various 

distances from a shot point (see top illustration) contains data 

about three layers. Each section of the plot (black line) represents 

a layer; its slope equals the reciprocal of the speed of sound in that 

15 4 

layer. Extrapolation to zero distance (brokell lilles) is the basis for 

calculating the time required for sound to pass through the top 

(bottom left section) and middle layer (middle section). Layer 

thickness is determined from time interval and speed of sound. 
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Vitro probes the Polar mysteries ... 

Vitro communications equipment 

was used by Admiral Byrd in the 

Antarctic. It was the standard,even 

then. Our modern 'birds' in every 

major space effort are monitored 

from by Vitro telemetry receivers. 

Byrd to 'bird' ... 

-

Special electronic and sampling 

gear made by Vitro is standard 

equipment for our Atomic Fleet. 

I n atomic power, Vitro is involved 

from from ore to reactor design. 

a hole in the Pole ... Thousands of research hours on 

micro-bubbles, ultra-sound, salin

ity, temperature, density, particle 

population and cavitation effects 

make Vitro scientists leaders in 

from underwater communications. 

,gIrD 

troubles with 
bubbles ... 

Vitro is known for systems engineering on Polaris and other weapons systems; 
design contributions to atomic power plants; chemical developments and high 
temperature research; technical management of missile testing. A single-current runs 
throughout these assignments and organization-technical competence and integrity. 

VITRO CORPORATION OF AMERICA · 261 MAOISON AVENUE . NEW YORK 16. NEW 'LaRK 
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the lower Lwer. As the disturbance moves 
horizontallv along the top of the lower 
laver part of its energy is communicated 
to the material lying directlv below, 
and part is refracted back into the up
per layer. This latter part returns to 
the surface, traveling upward at an 
angle that is the mirror image of the 
angle of incidence. 

rl'o carry out a refraction measurcment, 
- seismometers are located along a line 

at successivelv greater distances from 
the point of explosion. The first waves 
to arrive at the instruments nearest the 
source will have traveled straight 
through the ice. At a certain distance 
away these are overtaken bv waves re
fractcd through the first rock layer, the 

higher speed in rock more than compen
sating for the increase in the length of 
the path. At some still greater distance 
the once-refracted waves are in turn 
overtaken by those that have penetrated 
the next deeper laver, and so on. From 
". plot of the times of arrival at vari
ous distances, the velocitv of seismic 
transmission in each layer can be de
duccd [see lower illustration on page 
154]. With the velocities established, 
it is possible to calculate the depths 
of the successive boundaries and to 
make a good guess as to the physical 
constitution of the various layers of rock. 

The depth to which refraction meas
urements extend depends on the 
amount of energ�' put into the ground 
b\' the explosive shot. Recognizable 

signals must also be recorded over a 
horizontal distance three or four times 
greater than the depth to be investi
gated. If the layers slope, a reading 
taken uphill from the source will give too 
high a velocity and one taken downhill 
too Iow a velocity. By reverse shooting, 
recording travel times in both directions 
over the same path. the true velocities 
and depths can be determined, as can 
the inclination of the laver. 

Seismic refraction studies are bv far 
the most accurate as well as the most 
informative of the available techniques 
for studying the Antarctic continent. To 
set out the necessary al"l"<l\"S of recording 
stations over the Antarctic snow, how
ever, is a difficult and time-consuming 
job. It is also costlv in terms of the 
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refraction measurenlents made so Jar on the Antarctic continent. 

The numbers indicate the speed of sound in kilometers per second. 

15 6 

/' / / / / 

© 1962 SCIENTIFIC AMERICAN, INC



amount of explosive and the logistic 
support required. 

Because of these difficulties only 12  
deep seismic refraction measurements 
have been made so far on the entire con
tinent, and only seven of these have ex
tended to any great distance into the 
crust. The results summarized in the il
lustration on these two pages show that 
the constitution of the upper crust itself 
does not vary significantly from western 
to eastern Antarctica . The near-surface 
geology, on the other hand, exhibits 
marked differences both as to the eleva
tion of the rock surface and the amount 
and kinds of sedimentary layers present. 

Obviously a great deal remains to be 
done. M any more refraction measure
ments are needed on the continent, par-

� 
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------------- °0----
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5.4 

6.5 

�<l: >..J 
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ticularly measurements extending deep 
enough to plumb the entire thickness of 
the crust. The studies should also include 
the surrounding ocean, out to 2,400 
kilometers ( 1 ,500 miles) from the coast 
of Antarctica, in order to determine the 
basins and rises in the sea Roor around 
the continent. Only then will it be pos
sible to draw a complete picture of the 
mechanical behavior of the crust under 
its load of ice and thereby arrive at a 
better understanding of its elastic prop
erties. 

It is much easier to record a seismic 
reRection than a seismic refraction, since 
only one array of seismometers is re
quired. In Antarctica many more reRec
tion measurements have been made than 
refraction measurements [see illustration 
on page 152]. Most of the traverse par
ties did only reRection shooting. Some 
of the observations are of doubtful ac
curacy because of high noise levels. 

Simpler still than seismic observations 
are gravity measurements. They were 
carried out at every point where explo
sives were set off and, on th� average, 
at six places in between. They serve 
to check the depth figures obtained 
from reRections and to trace the con
figuration of the rock surface from one 
seismic measurement point to the next. 

1'he most reliable gravity determina-
- tions are made with pendulums. The 

period of a given pendulum, or the time 
for one swing back and forth, varies 
directly with the force of gravity. 
By timing some hundreds of thousands 
of swings at two different places, the 
difference in period, and therefore the 
difference in gravitational force at 
the two sites, can be measured very pre
cisely. The method is cumbersome: 

• 
ICE 

WATER 

.. 2.2 UNCONSOLIDA TED MARINE 
AND GLACIAL SEDIMENTS 

_ 4.2-4.5 CONSOLIDATED ROCK 

• METASEDIMENT 5.2-5.5 
CRYSTALLINE ROCK 

. 57- 6.1 GRANITIC CRUSTAL ROCK 

6.3-6.5 DIORITIC CRUSTAL ROCK 

68 BASALT? 

The speed of sound in water is 1.5 kilometers per second. Probable matedal eorresponding 

to figures is keyed at lower ri ght. Composition of Stepaside Spur is not yet certain. 

hours or days are required to make a 
single measurement, and the pendulum 
must be handled and transported with 
great care. 

A much simpler instrument is the 
spring gravimeter. Basically nothing 
more than an extremely accurate spring 
scale, it consists essentially of a small 
weight hanging from a thin spring of 
wire or quartz. The amount of stretch
ing of the spring at any given location 
can be related to the force of gravity 
there. The gravimeter weighs only a few 
pounds and can be carried anywhere. 
It gives a reading in three or four min
utes. No two gravimeters are precisely 
the same, however, and the individual 
instruments tend to drift in the course 
of time. Therefore spring gravimeter 
measurements are always taken relative 
to the reading of a base station where 
the force of gravity has been established 
with pendulums. 

By international agreement the Hel
mert Tower in Potsdam has been 
adopted as the world reference point for 
gravitational measurements. The value 
of gravity there is 981 .274 gal. (This 
unit, named for Calileo, expresses the 
force of gravity in terms of the accelera
tion it will give to a falling body: at the 
Helmert Tower a body in free fall would 
speed up by 981 .274 centimeters per 
second per second.) A number of pri
mary gravity bases have been set up 
over the earth, in each case by compar
ing the period of a specific pendulum 
with the period of the same instrument 
at Potsdam (or at a base previously tied 
to Potsdam) . As one of the first steps in 
the ICY program a primary base was 
established at McMurdo Sound, where 
the value of gravity was found to be 
982.9928 gal. With McMurdo as refer
ence point a network of secondary bases 
was established over Antarctica, using 
spring gravimeters transported by air. 
These bases provided the control for the 
over-snow traverse observations. 

To extract useful information from 
gravity measurements the geophysicist 
focuscs attention not on the total force 
recorded at any point but on the gravita
tional anomaly-the discrepancy be
tween the actual reading and the theo
retical value at that point. In arriving at 
the theoretical figure he applies New
ton's law, which says that the gravita
tional pull exerted by the earth at any 
point varies inversely with the square of 
the distance to the center. First he al
lows for the elevation at Potsdam, com
puting the value of gravity at sea level 
there. Then he makes two adjustments 
that cl3pencl on the latitude of the point 
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of observations. Because the earth is flat
tened, points nearer the poles than Pots
dam is are also slightly nearer the center 
and therefore subject to a larger gravita
tional force; points nearer the Equator 
are farther from the center and the force 
is correspondingly weaker. 

The second factor that varies with lati
tude is centrifugal force. As the earth 
spins on its axis it tends to whirl objects 
on its surface out into space. The force, 
which partially offsets gravity, is greatest 
at the Equator, decreasing to zero at the 
geographic poles. 

Correcting the Potsdam value to sea 
level and adjusting for latitude gives 
the theoretical value of gravity at sea 
level at any point. For measurements 
made above sea level, the theoretical 
value must be reduced to take into ac
count the extra distance to the center 
of the earth. The difference between the 
resulting figure and the actual reading 
is called the free-air anomaly. As the 
name implies, it does not give effect 
to the additional mass of earth between 
the point of measurement and sea level. 
This mass increases the theoretical 

LITTLE AMERICA Vi +100 

force of gravity, and therefore it part
ly offsets the adjustment for elevation 
alone. The difference remaining between 
the observed and the theoretical values 
after this final correction is known as the 
Bouguer anomaly. 

Toward the end of the 19th century, 
as accurate gravity measurements 

began to accumulate, an unexpected 
relation emerged. Over any considerable 
area free-air anomalies averaged zero, 
regardless of changes in elevation from 
one point to another. Bouguer anoma
lies, on the other hand, became increas
ingly negative with elevation; that is, 
the actual force of gravity fell shorter 
of the theoretical value the higher the 
point of measurement. Evidently the 
effect of the extra mass from sea level 
up to the point of measurement is almost 
exactly canceled by a deficiency in mass 
below sea level. The explanation gen
erally accepted today is that the earth's 
crust is floating on the denser plastic 
material of the mantle underneath. The 
higher the light crustal material pro
jects above sea level at an)' point, the 
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deeper it must extend into the mantle, 
just as high icebergs extend deeper into 
the water than low ones. If the total 
weight of the crust is supported by the 
underlying mantle, the pressure at some 
depth below the crust, just under the 
deepest crustal root, will be equal 
everywhere, since floating bodies dis
place their own weight.  This situation 
is known as isostatic equilibrium. 

If the crust actually floats, it must 
have no stiffness, and over long enough 
distances this appears to be the case. 
But over shorter distances the crust does 
exhibit some strength and is able to sup
port localized changes in topography 
without local compensating changes in 
crustal thickness. Therefore in areas of 
marked surface relief the free-air anoma
lies var), with the topography: they are 
positive on mountain peaks and negative 
in deep valleys because there are no 
complementary variations in mass at the 
bottom of the crust. Between the ex
tremes of no isostatic compensation, 
where the free-air anomalies completely 
reflect changes in surface elevation, and 
full compensation, where the free-air 

GRAVITY ANOMALIES were measured on the traverse from Lit

tle America to Byrd Station_ The free-air anomaly (black line) 

closely approximates the corresponding rock surface (see illltslra-

lion below) ; the Bouguer anomaly (broken colored line) is also 

shown corrected to the rock surface (colored line) _ Both anomalies 

and the correction to the rock surface are explained in the text. One 
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ROCK AND MANTLE PROFILES from Little America, at the 

edge of the Ross Ice Shelf, to Byrd Station represent the l'esults of 
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both seisnllC lneasurmnents and the measurement of gravity anom� 
alies. The broken line represents the position that the present rock 
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anomalies average zero, there are all 
degrees of partial compensation through 
flexure of the crust. The degree of flex
ing depends on the load, the base area, 
the thickness of the crust and its elastic
ity. The crust can be compared to an 
ice sheet on a lake. The ice might sustain 
the weight of a man without bending at 
all (no compensation); it might support 
a small car with some visible bending 
(partial compensation); and it might 
give way completely under the weight of 
a three-ton oil truck, which would float 
independently (complete compensa
tion). It is estimated that the earth's 
crust is completely compensated for sur
face mass distributions more than 250 
kilometers in width. 

T he relation of free-air anomalies to 
local, uncompensated mass distribu

tions provides a means for studying the 
topography of the rock surface beneath 
the ice of Antarctica. Consider the trav
erse from the Ross Ice Shelf to Byrd 
Station [see upper illustration below]. 
The free-air anomaly values are marked
ly irregular, whereas the elevation profile 

BYRD STATION 

milligal is the gravitational force that will 

cause a falling hody to accelerate at a rate 

of .001 centimeter per second per second. 

BYRD STATION 

--_/-........ -"" """'------�--/-

surface would assume if it were not pushed 

down by mass of the continental ice sheet. 

of the ice surface describes a smooth 
transition from sea level to an elevation 
of 1,513 meters (4,970 feet) at Byrd 
Station. Clearly the anomaly variations 
are related not to the relief of the ice 
surface but to the sub-ice mass distribu
tion. The difference in density between 
ice and average rock material (.9 gram 
per cubic centimeter for ice compared 
with 2.67 grams per cubic centimeter for 
rock) is considerably greater than the 
difference between different kinds of 
rock, which seldom exceeds .7 gram per 
cubic centimeter. Consequently the 
largest part of the local variations in the 
free-air anomalies must be caused by 
variations in the elevation of the under
lying rock surface rather than changes in 
the constitution of the rock. From the 
anomalies alone, however, it is impos
sible to tell whether the local variations 
are superimposed on a plane surface, a 
broadly undulating surface or even a 
buried mountain range of such size that 
its gross mass is compensated. All one 
can say is that there are peaks and val
leys. Assuming a differential of 1.77 
grams per cubic centimeter between the 
densities of ice and rock, it can be cal
culated that a change of one milligal 
(thousandth of a gal) in the measured 
free-air anomalies corresponds to a 
change in elevation of about 1 3.5 meters 
in the rock surface. 

To establish the surface on which the 
relief is superimposed requires a number 
of seismic depth measurements. Taking 
one of the seismic depth sites as a start
ing point, one can use the change in free
air anomaly values to construct, in fair 
detail, the configuration of the under
lying rock surface to the next seismic 
site. Since gravity readings can be com
pleted in a few minutes, they provide a 
most valuable adjunct to seismic reflec
tion measurements, each of which takes 
two to three hours. 

The illustrations on the next page 
compare the seismic and gravity depth 
measurements for several Antarctic trav
erses. Examination of the two profiles 
shows that the gravity results can be 
made to fit the seismic data by tilting the 
curve in fairly large sections. This incli
cates that partial isostatic compensation, 
and not local variations in the density of 
the rock, accounts for most of the differ
ences. In some cases gravity-derived 
profiles may be more accurate than the 
seismic measurements made so far. Two 
such cases are the results obtained by 
the British Trans-Antarctic Expedition 
of 1956- 1957 and the Soviet expedition 
to the Pole of Inaccessibility in 1958-
1959 [see middle and bottom illustrations 
on next page]. Seismic measurements re-

peated at three points along the route of 
the British expedition have shown that 
the gravity-derived section is more re
liable than the original seismic one. As 
yet it is not known which of the two sets 
of data from the traverse to the Pole of 
Inaccessibility is the more reliable. 

In gravity studies on other continents 
Bouguer anomalies can be reduced to 

sea level by using a standard value for 
the average density of rock, and the re
sulting figures provide an indirect meth
od for studying variations in crustal 
thickness. When the standard density 
value is applied to the Antarctic data, the 
Bouguer anomalies exhibit the same 
local mass irregularities as do the free
air anomalies. In order to deduce the 
crustal mass distribution it is necessary 
to make a realistic correction to the 
theoretical value of gravity for the mass 
of the actual column of material between 
the point of measurement and sea level. 
Above sea level the Bouguer correction 
may therefore consist of two parts, rep
resenting ice and rock. Where the rock 
surface lies below sea level one must 
subtract the gravitational effect of the 
total ice column and then add back a 
correction for the portion of ice below 
sea level, based on the density difference 
between ice and rock. A proper correc
tion to bedrock level smooths out the 
Bouguer anomaly profile. Along the 
traverse from the Ross Ice Shelf to 
Byrd Station the change in the corrected 
values suggests a gradual downwarping 
of the crust beneath the icecap. That 
this is in response to the increasing load 
of ice is evident from the fact the bed
rock surface remains essentially at the 
same level. Since the free-air anomalies 
average close to zero over the entire 
profile, the ice load is isostatically com
pensated. Assuming the original rock 
surface was also in isostatic equilibrium 
before glaciation, the elevation of a 
superimposed layer of rock having a 
mass equal to that of the ice will mark 
the mean position of the original sur
face. The thickness of an equivalent 
rock layer therefore indicates the amount 
of crustal warping that has taken place. 
On this basis it is calculated that the 
crust in the Byrd Station area has been 
warped down about 900 meters. Presum
ably the crust would also rebound by 
the same amount if the ice were to melt. 
The equivalent rock profile along the 
traverse from the Ross Ice Shelf shows 
that this portion of western Antarctica 
must originally have been an island ar
chipelago with much of the surface 
below sea level. 

Once the outline of the top of the 
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BRITISH PROFILES of Antarctic bedrock depicted here repre· 

sent the seisml(, and gravimetrie data obtained by the British 
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some exceptions the t\\ 0 profiles agree fairly well. Key at lower 

right also applies to the other two illustrations on this page. 
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Trans.Antarctic Expedition of 1956-1957. As explained in the text, 

gravitational profile is apparently more reliable than seismic one. 
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considerable differences between the profiles obtained by the 

two methods, it is not yet known which profile is the more reliable. 
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crust has been determined, the next step 
is to estimate the crustal thickness. In 
the absence of seismic refraction meas
urements one can make an approxima
tion by reference to refraction data from 
other parts of the earth. In general the 
crust at sea level is found to be some 33 
kilometers thick. Judging by observed 
velocities of deep seismic waves, the 
crust is on the average .43 gram per 
cubic centimeter lighter than the mantle 
material underneath. Equilibrium con
ditions for a Boating crust then require 
that an increase of one kilometer in sur
face elevation be compensated by an 
increase of 6.8 kilometers in the depth 
of the compensating crustal root pro
jecting down into the mantle. At Byrd 
Station, where the eljuivalent rock col
umn for the 2,645 meters of ice sheet 
is about 900 meters thick, the synthetic 
rock surface elevation is 2 1 5  meters 
below sea level. This means a nega
tive compensating root of 2 1 5  X 6.8, or 
about 1,500 meters. Subtracting both 
this and the 2 1 5-meter surface deficit 
from 33 kilometers gives a crustal th ick
ness of 3 1.3 kilometers. 

Another way to arrive at the thickness 
is to start with the Bouguer anomaly cor
rected to the actual rock surface. At 
Byrd Station this anomaly is + 20 milli
gals ( that is, the measured value exceeds 
the theoretical value by 20 milligals ) .  
Assuming that the density difference is 
.43 gram per cubic centimeter between 
crust and mantle, it can be computed 
that 20 milligals of Bouguer anomaly 
corresponds to 1 . 1 kilometers of com
pensating crustal root . The positive 
value of the anomaly indicated that the 
point of measurement is closer than nor
mal to the heavier mantle material; in 
other words, the crust is thinner. If a 
thickness of 33 kilometers corresponds to 
zero Bouguer anomaly, the thickness at 
Byrd Station is 33 minus 1 . 1  minus .2 
( the depression below sea level ) ,  or 3 1.7 
kilometers. The two computations agree 
'Iuite well. 

T lIrning now to the observations in 
- eastern Antarctica, where the polar 

icecap reaches its maximum elevation, it 
is apparent that the crustal profile differs 
markedly from that of western Antarc
tica, although the load of ice is about 
the same. For example, Soviet measure
ments conducted at the Pole of Inacces
sibility indicate a surface elevation of 
3,820 meters, with nearly 3,000 meters 
of ice overlying the bedrock, which is 
850 meters above sea level. The syn
thetic equivalent rock elevation of 1 ,850 
meters indicates a crustal warping of 
1 ,000 meters. This is not far from the 

PI Recorder captures Antarctic Whistlers 

If you know how to l isten, you can hear a thunderstorm halfway around the world. 
The "Whistler" that you hear as a momentary descending tone in  your  headphones is a 
fascinating phenomenon of electro-magnetic radiation that originates with a bolt of 
l ightning and propagates outward along the earth's magnetic l ines of force through a n  
ever·changing system of ionized ducts. Travel ing at o n l y  about o n e  tenth t h e  speed o f  
l ight, t h e  Whistler  sweeps o u t  as far as 25,000 mi les into space before returning t o  earth 
laden with scientific information. 

During the most recent Antarctic expedition* performed by Stanford University's 
Radioscience Laboratory, Whistlers were captured by a PI tape recorder fed di rectly by 
a simple audio ampl ifier and antenna system.  Because Whistlers and related phenomena 
range widely i n  frequency, from 10 cps to 20,000 cps, incoming signals  were recorded 
on  both FM and di rect record tracks, thus catching this enti re range at the slow, 
tape·saving speed of 7 1/2 ips. Analysis of the tape discloses a surprising wealth of 
information on the regions visited by the Whistlers. For example,  the recorded time lag 
between the originating l ightning bolt and the returning Whistle r  reveals  the density 
of the e lectrons in the rarefied gas a long its distant path. 

I n  the Antarctic, "survival of the fittest" appl ies to both man and machine. The PI 
recorder was given the tough assignment of recording 50 mi les of tape, 24 hours a day, 
3 times an  hour on schedule,  regardless of adverse operating conditions, and was 
expected to survive and function despite frequent moves by hel icopter, ice-brea ker, and 
snow-cat. For this and other demanding appl ications, PI  recorders offer a unique, 
space-saving stacked reel  design, rugged and rel iable a l l -solid-state electronics, and 
the performance you'd expect from a laboratory machine several times the s ize.  Would 
you l i ke to know more? Write for  Bu l letin 64. 
'* Supported by National  Sc ience Foundation 

P R E C I S I O N  
I NSTR U M E NT 
S A N  C A R L O S .  C A LI F O R N I A / LY 1 - 4 4 4 1 

P. I. Invites inquiries from senior engineers seeking a challenging future. 
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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 itse lf. Because in 
the strange world of i nfrared, all obj ects 
which are " warm"-above absolute zero
r adiate . In fact, Hughes infrared detection 
equipment could measure the infrared en
ergy produccd by an ice cube 5 miles away ! 
Hughes scientists and engineers have been 
applying the science of " invisible light" to 
problems of national defe nse for well over 
a decade . Their work has produced striking 
resul ts-such as the capability to sense dis
tan t temperature variations as small as 
1 000th of a degree.  
Hughes infrared search ,  detection and track 
systems, b e i ng m a nufactu red for our front 
l ine in tcrcepLOr aircraft, can locate poten-

tial attackers by the infrared they generate. 
This allows the interceptor to attack its 
quarry without revealing its own presence . 
The Falcon infrared air-to-air missiles (a 
backbone of our air defense program with 
over 1 0, 0 0 0  h a v i n g  b e e n  d e l i v e r e d  b y  
Hughes) have repeatedly demonstrated ex-

tremely high striking accuracy at compet
itive weapons meets. 
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 

H u g hes i nfrared s e a rc h · t rack s e nsor head d e 

s i g n e d  f o r  i nt e rce ptor a i rc raft e n a b les  p i l ots t o  
d e t e ct " b o g i e s " by t h e  i n frared t h ey g e n e rate. 

The i n frared system works e f f e ct i v e l y  even a g a i n st 
very low a lt i tu d e  targets. 

I n frared w i n d ows - s i n ce g l ass i s  not tra n s parent 

to i nfrare d ,  " w i n d ows " and l e n s e s  of  ot h e r  m ater

i a l s ,  s u c h  as s i l i c o n  or g e r m a n i u m ,  m u st be u s e d .  
H u g hes m a n u factu res m a n y  t y p e s  of s u c h  o p t i c a l  
com p o n e nts. 

C reat i n g  a n e w  wo r l d  w i th  e l ectro n i cs r--------- - - - - - - - - - - - - - - - - � 
I I 
I I 

i H U G H E S i 
I I 
I I 
L _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  � 
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tracker, seeking a navigational " fix," will 
identify the star Canopus simply by the 
amount of energy i t  generates. 
Other Hughes work i n  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 
quantity production of highly advanced 
detectors, optical components and cryogenic 
systems. 
I n  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." 

value over most of western Antarctica. 
The bottom of the crust, however, evi
dently lies much deeper than it does in 
the west. Both types of estimate yield a 
crustal thickness of about 48 kilometers. 
Confirmation of the large contrast in 
thickness has come from the velocity dis
persion of earthquake surface waves 
from distant sources traversing the Ant
arctic continent. These waves, for which 
the crust acts as a wave guide, travel at 
different speeds depending on their 
wavelength. The amount of spread, or 
dispersion, varies with the thickness of 
the crustal layer. Observations over dif
ferent paths to the permanent recording 
seismograph stations in Antarctica in
dicate a mean crustal thickness of 40 
kilometers beneath the eastern part of 
the continent and a thickness of 30 kilo
meters beneath the western part. The 
same measurements show that the crust 
beneath the adjacent ocean ranges 

from five to 10 kilometers in thickness. 
It should be mentioned here that 

earthquake waves reaching Antarctica 
carry much more geophysical informa
tion than concerns the continent itself. 
In fact they constitute the best means for 
studying the entire three-dimensional 
structure of the earth. Conditions in 
the interior of the earth are inferred 
from the behavior of earthquake body 
waves that travel a more or less direct 
route through the globe from the source 
to a seismological station. The farther 
apart the source and the station, the 
deeper the wave will have penetrated. 
Recordings of body waves from the most 
distant earthquakes show compressional 
vibrations but none of the transverse, 
or shear, vibrations that are also set 
up by the earthquakes. Evidently the 
deep interior of the earth can transmit 
compressional waves but not shear 
waves, which means that it must be 

DISTANCE IS MEASURED between shot point and recording site with a tell urometer. 

Perry Parks of the Geophysical and Polar Research Center speaks to a colleagne at the 

recording site. This photograph was made by John C. Behrendt, al so a member of the Center. 
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liquid. Both the absence of shear waves 
and the observed refraction of compres
sional waves show that the liquid core 
begins at a depth of about 2,900 kilo
meters ( 1,800 miles) . They also suggest 
a solid inner core at a depth of 5,400 
kilometers (3,350 miles) . 

The study of this basic structure of 
the earth is hindered by the fact that 
most of the world's seismographic sta
tions are located in the Northern Hemi
sphere. Their distribution with respect 
to major earthquake centers makes it 
difficult to collect data over all distances 
and therefore for all depths of penetra
tion. M oreover, the noise level at most 
stations is high because of local seismici
tv, man-made vibrations or both. Noise 
�ften masks arrivals from distant earth
quakes. 

The establishment during the ICY of a 

J 

-

network of seismographic stations in 
Antarctica provided a solution to these 
difficulties. The continent is seismi
cally quiet-only one earthquake orig
inating there has been recorded since 
the beginning of the ICY in 1957-and 
there is no man-made noise from traffic 
or other sources. In addition, the unique 
position of Antarctica, in the center of 
an oceanic hemisphere with an open 
aspect to most of the world's belts of 
seismic activity, means that the stations 
there can receive waves from all dis
tances from 500 miles to 1 2,000 miles 
(measured along the surface) , with no 
intervening continents to affect travel 
times or signal amplitudes. This is true 
both of body waves and surface waves. 
Although earthquake observations in the 
Antarctic will not yield up their full 
potential of information for several years, 

the program may well turn out to be one 
of the most valuable of those initiated 
during the ICY. 

To return to the examination of the 
Antarctic continent itself, a valuable 
supplement to seismic and gravity meth
ods can be provided by air-borne mag
netic measurements. They furnish the 
best available means for determining the 
depth of the crystalline rock surface be
low the sedimentary rocks at the base 
of the ice in seismically unexplored areas 
as well as for charting tectonic trends. 
Although a considerable body of data 
has been recorded, it has yet to be re
duced and analyzed. 

Even more interesting than local 
variations in the geomagnetic field is the 
location of the South M agnetic Pole it
self. Contrary to what might be ex
pected, the position of the M agnetic 

SEISMIC D ISTURBANCES generated by explosive charges are de· 

tected by geophones, such as the one located on top of the snow 

next to Osten so, who is setting some out in preparation for a shot . 
Phones are hooked up to recording equipment in Sno·Cat at right. 
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Science and Defense 

I n  these times Science cannot live i n  an undefended atmosphere. And Defense, without Science would b e  n o  de

fense at all. * The scientific community of the nation wants to apply its talents to the problems of defense. The 

Department of Defense needs the best possible technical inputs to resolve the questions and reach the decisions 

which determine our defense posture. * At the behest of the government, eleven great universities have j Oined to 

sponsor a non-profit association, called the Institute for Defense Analyses, to provide an important link between 

the two separate but interdependent specialties . * IDA is staffed by scientists and engineers brought from all sources 

of such talents - from academic pursuits , from profeSSional practice , from the research and development agencies 

of industry,from experimental laboratories , from graduate circles. * I D A  accepts , and can put to good use on its 

permanent professional staff, practitioners of almost all the scientific disciplines. They find real satisfaction in being 

identified with work at the interface between science and strategy, one of the most important relationships of our 

times. * Due to its unique nature and to the two -way purpose of its basic structure, I D A  also can accept people for 

comparatively short periods of time. A two- or three-year stint with I D A  could be the catalytiC agent in your career. 

Possibly it could satisfy that feeling that you owe part of yourself to your country. Probably it would show you 

new facets of, and new uses for, the discipline you profess. * Why not get in touch with us ? 

INSTITUTE F O R  DEFENSE ANALYS E S  Department A ,  I 7 I 0 H Street, Nw, Washington 6 , D C  An equal opportunity employer 
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low-loss dewar design commands qua l i ty engi
neer ing.  Rati ngs of some Cryenco h igh effi c iency 
h e l i u m  dewars show on ly  a 1% bo i l -off loss per  
day at h e l i um's - 452 ° F. temperature-designed 

without l iquid n i trogen 
sh ie ld ing. Most of these 
Cryenco dewars are stand
ard production un i ts. These 
inc lude l i qu id  n i trogen mo
bi le d ispensing dewars with 
on ly  .26% n i trogen loss 
per  day,  and in -p lant  l i q u i d  
hydrogen tra i l er dewars 
with 1 % hydrogen loss per 
day. Cryenco a l so makes a 
complete l i n e  of cryogen ic  

hardware - l i quefiers, refrigerators, cryova lves, 
tanks, cold traps, transfer l i nes, cryostats and 
b iostats. Al l  Cryenco equ ipment  i s  designed to 
free your physici sts and engineers for funda
mental work.  Write for q uotation on  your specif ic  
requ irement, as wel l as fu l l  deta i l s  on Cryenco's 
low-temperature capab i l i t ies  and exper ience .  

at 
C R V E N C O  
C R Y O G E N I C  E N G I N E E R I N G  C O M PA N Y 
249. W. 48th A V E .  / D E N V E R  1 6 , C O LO RA D O  
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I Pole appears to be changing rapidly. 
Over the past 50 years it has migrated 
some 800 kilometers; during the past 
eigh t years it has migrated 150 kilome
ters! At present it is on the Adelie Coast 
at about 67 degrees south latitude and 
143 degrees east longitude. So much re
cent migration makes plausible a still 

.--greater wandering over geologic time. 
The direction of remanent magnetism in 
rocks that were laid down or that crystal
lized at a known time on the geologic 
scale gives information about prehistoric 
locations of the poles. Studies of rocks 
in Antarctica indicate that the Mag
netic Pole occupied a position on the 
opposite side of the continent, at about 
65 degrees south latitude and 140 de
grees east longitude in JuraSSic time, 
between perhaps 170 million and 140 
million years ago. In the early PaleozoiC, 
about 500 million years ago, it was lo
cated not far from the Tonga Islands 
at about 30 degrees south latitude and 
1 60 degrees west longitude. According 
to the accepted theory of the source of 
the earth's magnetic ReId, the Magnetic 
Pole should always lie not too far from 
the axis of rotation. If so, either the crust 
as a whole or the Antarctic continent 
itself must have moved over the surface 
of the earth. 

The idea of continental migration is 
not new. According to a theory dat

ing back to 1 885, Antarctica, together 

with Australia, South America, South 
Africa and India,  once formed a single 
continental land mass known as Gond
wanaland. In early Mesozoic time, 
about 200 million years ago, Gond
wanaland presumably broke up into sep
arate continents and these subsequently 
drifted to their present positions. As the 
following article makes clear, this long 
doubted theory is strongly supported by 
geological evidence and the distribution 
of various fossil plants and animals . 
Meanwhile it has proved ([uite difficult 
to reconcile the various lines of evidence 
and put together a unified picture of 
world geography during past ages. But 
one thing does seem certain : that the 
various continents have changed position 
not only with respect to the North and 
South poles but also with respect to one 
another. 

The ancient forests of Antarctica, now 
visible as coal beds, demonstrate un
equivocally that the continent bas not 
always been at the bottom of the world, 
buried beneath snow and ice. It is not 
yet possible to say whcre the continent 
was when thc lush plant life flourished. 
Once the question has been answered 
and the pattern of continental drift has 
been established, the next step will be 
to discover the mechanism of the drift. 
In this, as in all large-scale studics of 
the earth's structure and history, the 
Antarctic continent will continue to oc
cupy a key position. 

CHARGE IS SET for a seismic shot by Thomas Laudon of the Geophysical and Polar Re

,;earch Center. Hole for charge is at lower right. Photograph was made by Behrendt. 
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B E N D IX  G -20 COM PUTER SYSTE MS CUT H I D D EN P R O G RAM M I N G  CO STS 

From every poi n t  of v i e w- h a rdware ,  software,  s u p po rt ,  res u l ts-the B e n d i x  G - 20 m a kes i m m e d i ate ,  p ract i ca l ,  d o l l a r-sav i n g s  

s e n s e .  Take software ,  fo r i n sta n c e .  A s  p a rt o f  t h e  i nteg rated G - 20 h a rdwa re/software package ,  B e n d i x  p rov i d es a var i ety of 

p rog ra m m i n g  syste m s .  Majo r p rog ra m m i n g  syste m s  are now o p e rat i o n a l  fo r ave rag e G -20 conf i g u rati o n s .  Des i g n e d  to c u t  

stra i g ht t o  t h e  h e a rt o f  h i d d e n  p rog ram m i n g  costs, these powerfu l a n d  f l ex i b l e  syste m s  a l low y o u  t o  m a ke faste r , m o re eff i c i e n t  

u se o f  you r  G-20 co m p uter .  A d d i t i o n a l  p rog ram m i n g  ve rsat i l i ty a n d  com pat i b i l i ty a r e  p rov i d e d  by G - 20 P E R T ,  F O R T RA N ,  

650 S i m u lator,  a n d  L i n e a r  P rog ra m m i n g  . . .  p l u s  a l i b ra ry o f  p re-tested ut i l i ty ,  c o n v e rs i o n  a n d  d e b u g g i n g  ro u t i n e s  a n d  m a t h e 

mat ica l  s u b ro u t i n e s .  S N A P- a n  i n d e p e n d e n t ,  sym bol i c - l a n g u a g e  p rog ra m m i n g  syste m - offe rs st i l l  a n ot h e r  d i m e n s i o n o f  

p rog ra m m i n g  e a s e  to G-20 u s e rs .  B u t  you w i l l  want  to i n vest i g ate t h e  B e n d i x  G - 20 from every poi n t  of v i e w .  C a l l you r n e a rest 

Be n d i x  Comp ute r  sa les/serv i ce off i c e .  O r  w r ite : B e n d i x  C o m p u t e r  D i v i s i o n ,  5630 Arbor V itae St . , Los A n g e l e s  45, C a l i f . ,  Dept .  42-C. 

T�nc(t/ B e n d i x  C o m p u t e r  D i v i s i o n  
C O R P O R A T I O N  
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LARGE FOSSIL LEAF of the plant Glossopteris, found in Permian 

sandstone, testifies to the favorable climate that prevailed in Ant· 

FOSSIL LOG, photographed by Long in the same Ohio Range 

formation as the Glossopteris leaf, was formed when iron oxides 

arctica some 250 million years ago. Associated with coal and 

fossil wood, the leaf provides a link to deposits on other continents. 

replaced the wood of a tree trunk buried in alluvial deposits. Its 34 

well·defined rings indicate rapid growth in a temperate climate. 
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The Ancient Life of the Antarctic 

The puzzle of Antarctic history lS that lce now covers a land 
where forests once grew £n a temperate climate. This suggests 
that the continents or the poles, or both, lna.y have wandered 

by George A. Doumani and \\,illiam E. Long 

T
he first parties to ventur e  ashore 
on Antarctica at the turn of the 
century were astonished to find 

signs that plants and animals had once 
thrived in this barren and remote land. 
The trunks of petrified trees,  the im
print of leaves in the rocks and the fossil 
verdure of coal seams all showed beyond 
doubt that mild and favorable climates 
in  ages past had fostered life here in 
vigor and abundance. These discoveries 
conjured up an exotic vision , as Charles 
Hedley wrote in 1912, "of rippling 
brooks, of singing birds, of blossoming 
flowers, and forest glades in the heart of 
Antarctica." 

During the past decade systematic 
sampling and study of the rock out
crops and the few regions that are free 
of ice have placed the first scattered 
fossil finds in the context of a broadly 
sketched h istory of  Antarctica and its 
role in the history of life. The crustal 
block of the continent has proved to be 
as ancient as that of most other conti
nents. It has been shown that life ap
pears in  the Antarctic sediments as early 
as anywhere else in the world .  The rec
ord thereafter reveals the same mighty 
succession of plant life from the first 
aquatic forms to the immediate ances
tors of contemporary forest trees .  Al
though the fossil faunas are sparser, it  is 
clear that over long ages Antarctica was 
equally hospitable to animal life. 

Not all  the rocks contain fossils .  Pe
riods of mountain building and glacia
tion in the distant past erased much 
of the record that is  not concealed by 
the continental icecap. But the story of 
Antarctica as now worked out agrees 
well with the established h istory of the 
continental land masses of the Southern 
Hemisphere. In fact, the story seems 
to supply the missing link in  the chain 
of events recorded in India,  South Africa, 

South America and Australia-places as 
far removed from one another as they 
are from the South Pole. The new under
standing conjures up a still stranger 
vision of Antarctica: the heartland of 
a vast continent that once united all  
the Southern Hemisphere land masses.  
Whether or not Gondwanaland ever ex
isted, the ancient life of the Antarctic 
compels serious reconsideration of the 
hypothesis of  continental drift . This is 
the idea that the continents did not al
ways occupy their present positions on 
the map of the world and have drifted 
like great rafts over the plastic underly
ing mantle. It i s  difficult otherwise to 
reconcile the geology and paleontology 
of Antarctica with the isolation of the 
continent on the bottom of the globe. 

The Antarctic continent resembles 
other continents in the major fea

tures of its structural make-up. It con
sists of a basement complex that shows 
much evidence of the intrusion of fluid 
magmas from below and reworking by 
erosion from above. Until very recently 
geologists had to depend on the presence 
of vestiges of life to assign relative ages 
to the rocks that contain them ; there was 
no practical and accurate way to date 
non-fossil-bearing rocks .  Now, from 
knowledge of the half lives of radioac
tive i sotopes of the elements and by 
measurement of the ratios of parent and 
daughter isotopes in the rocks,  i t  i s  pos
sible to compute the absolute ages of 
igneous and sedimentary formations. 
Employing these methods, Soviet geolo
gists have dated the origin of outcrops 
near M irnyy Station in East Antarctica 
at about 1,450 million years ago . 

S uch an age is in line with that of 
other continents.  A second group of 
rocks located in the Bunger Hills and 
Wilkes Station region, also on the east-

ern side of the continent, has been as
signed an age of about 1,050 million 
years. These rocks must represent in
trusive bodies of granite or the action of 
forces strong enough to deform and alter 
what i s  now the basement complex . 
Such activity probably persisted through 
the first half of the life of the continent 
up to about 700 million years ago. Rocks 
of this age have been reported from sev
eral places around the east coast of Ant
arctica. In such late Pre-Cambrian or 
early Cambrian rock the Soviet geologist 
B.  V. Tim06ev has reported the finding 
of spore like microfossils . It was during 
this period that living forms the world 
over began to leave recognizable remains 
in sedimentary rocks. 

The oldest macrofossil  found in Ant
arctica is that of an archaeocyathid, a 
common coral-like marine organism, 
similar to specimen s from the Cambrian 
rocks of Australia and faraway Siberia .  
I t  w a s  found in 1909 b y  members of Sir 
Ernest Sh ackleton's party in a boulder of 
limestone displaced from its original site 
by glacial transport and deposited in  
the debris at the foot  of Beardmore 
Glacier south of the Ross Ice Shelf. 
More recently another limestone boul
der containing many archaeocyathids 
was dredged from the ocean floor on 
the other side of the continent, near the 
South Orkney Islands. Since the ocean 
bottom all around the continent i s  lit
tered with glacial debris rafted seaward 
by the ice, it  can be con6dently inferred 
that the South Orkneys boulder came 
from inland, possibly from highland 
areas near the Pole. 

Associated with the archaeocyathids 
in this 6nd are the calcium carbonate 
structures of microscopic algae and frag
ments of trilobites, the primordial an
cestors of the huge class of arthropods 
that embraces the modern insects, arach-
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ANTARCTIC GEOLOGY, largely buried beneath ice, is revealed 

in mountain ranges, rock outcrops and dry valleys. This aerial 

photograph made by the Navy for the U.S. Geological Survey shows 

Mount Tyree, one of the highest peaks on the continent, which 
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towers 16,400 feet above sea level in the Sentinel Range of the Ells· 

worth Mountains of West Antarctica. These mountains were formed 

within the past 50 million years when intense forces folded, up· 

lifted and metamorphosed huge thicknesses of sedimentary rock. 
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nids,  crustaceans and other such jointed
leg animals . The small size of the 
archaeocyathids suggests a deep-water 
habitat, but the cleanliness of the lime
stone matrix and the presence of algae 
should probably be taken to indicate 
deposition in shallow, clear water, with 
a minimum amount of agitation,  under 
climatic conditions that were unfavor
able for rapid,  luxuriant growth . These 
organisms, now long extinct, are good 
horizon markers of the Lower Cambrian 
period of about 600 million years ago . 
The Antarctic specimens exhibit char
acteristics of archaeocyathids of that age 
in South Australia . 

The basin in which these Cambrian 
fossils and sediments were depos

ited probably lay just to the west of 
the present-day mountainous belt that 
reaches toward the Pole from Victoria 
Land and includes the Queen Maud and 
Horlick ranges. Gradually the Boor of 
this basin subsided and the nearby land 
areas became active with uplift and vol
canism . Poorly sorted debris from th e 
new land was dumped into the sinkin g 
trough, accumulating to a depth of up 
to 15,000 or 20,000 feet . By late Cam
brian or early Ordovician times (about 
500 million years ago) compression of 
the earth's crust crumpled the sediments 
of the sinking basin, forcing the seas 
farther away from the center of the con
tinent and exposing considerable areas 
of the sedimented bottom .  Today these 
sediments are called the Robertson Bay 
group, after the representative forma
tion at that location on the coast near 
the Ross Sea.  Granitic bodies forced 
their way up into the overlying sedi
men ts in the course of this episode of 
mountain building;  radioactive-isotope 
dating of the granite confirms the date 
of about 500 million years ago . The slow 
but relentless forces of erosion then be
gan to break down these land masses 
and put an end to the history of the 
building of the basement complex . 

The younger rocks of the continent 
begin with the Devonian strata, about 
400 million years old. They are less dis
turbed by mountain-building processes 
and are rich in fossils .  Devonian rocks 
were first found in Antarctica in 1910 
by Frank Debenham, a geologist with 
the last Scott expedition ; they were 
pieces of  black shale containing some 
fish remains similar to fossils found in 
late Devonian black shales in the Great 
Lakes region of North America. Of far 
greater consequence was the discov
ery in 1958, in the course of the In
ternational Geophysical Year, of early 
Devonian sandstones and shales in the 

GEOLOGICAL PARTY is shown climbing in the Ohio Range of the Horlick Mountains, 

where the Gondwana deposits described in the text were found. Mount Glossopteris rises at 

right, 4,000 feet above the level surface. Discovery Ridge is the dark, flat ridge at center. 

NORTHERN ESCARPMENT of the Ohio Range is seen in this photograph made, like the 

others on this page, by Long. The cliff in the foreground is composed of wind-eroded sand

stone. In the background, sedimentary layers can be seen lying on an ancient erosiDll surface. 

SUCCESSION OF STRATA is shown in this Discovery Ridge scene. A Devonian erosion 

surface is exposed (smooth surface at center). On it Devonian seas deposited fossil-rich 

sands (horizontal layers on slope at left). Much of this Devonian sandstone was eroded away 

by glaciers that deposited a thick layer of tillite (dark rock high on slope (It left). 
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Ohio Range of the Horlick Mountains.  
Unlike the earlier Rnd, these rocks are 
ill situ and form part of the spectacular 
escarpment along the northern margin 
of the range . The sandstones are dirty, 
rich i n  fossil invertebrates and inter
bedded with dark shales containing the 
remains of primitive plants . 

The fossils collected from the Ohio 
Range now include brachiopods (scal
lop-like prototypes of modern bivalves), 
gastropods (prototypes of modern 
whelks and snails) and a large variety 
of other mollusks, a coral and trilobites .  
This diversiRed assemblage is the Rrst of 
its kind ever collected in Antarctica. 

The specimens run large in size and have 
thick shell s .  Impressions of razor clams 
measure nine inches in length, and the 
trilobites appear to have been a foot 
long. The presence of brachiopods of 
the genus Lingula provides strong evi
dence that the climate was warm. 

Plants and their spores found in asso-

GEOLOGICAL MAP of Antarctica is far from complete. Here 

the generalized geological provinces thus far identified are shown, 

with the most common types of rock indicated in each. West Ant

arctica is a region of highly folded mountains and subglacial basins; 
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ciation with these animals have been 
identified by James M .  Schopf of the 
U . S .  Geological S urvey and Ohio State 
University as belonging to a primitive 
vascular (that is, stemmed and leaved) 
variety. All indications point to an en
vironment of shallow, warm waters with 
a sandy, slightly muddy bottom as being 
characteristic of Devonian times in that 
region . The dark shales containing the 
plant remains were probably deposited 
in intermittent m arsh and brackish water 
environments . In general it can be said 
that the Lower Devonian fossils of Ant
arctica differ from those of the Northern 
Hemisphere and resemble more closely 
the South African and South American 
faunas of the same period . It is  most 
striking to realize that they lie within 
300 miles of the South Pole. 

The Middle Devonian period does not 
appear in the fossil record as vet, and 
the Upper Devonian is represented only 
by the fish in the black shale picked up 
by Debenham in 1910.  What followed 
in the immediate post-Devonian period, 
however, is  dramatically portrayed by 
one of the most fruitful finds in Antarc
tic geology to date . In 1960 our group 
from Ohio State University discovered 
that the Devonian rocks in the Ohio 
Range are overlain by a considerable 
thickness of glacier-deposited tillite . 
These deposits indicate severe climatic 
conditions and possibly a continental 
glaciation comparable to that of today. 
Great m asses of ice spread over the con
tinent, clearing away the Devonian sedi
ments in some regions, polishing and 
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K .. t Antarctica, still largely unexplored, 

seelilo to be a more level, unfolded plateau. 

AO Stereo Microscopes 

lick unusual assembly problems 

at Fairchild Semiconductor 

If typical assembly line at Fairchild Semiconductor Corporation's silicon 
transistor plant in Mountain View, California. 

Fairchild SemiconductOr Corporation, one of the nadon's largest manufacturers 
of semiconductOr products and electronic components, needed microscope�, 
hundreds of them, for the assembly of their extremely small component parts. 
But they had specific problems to overcome, such as extreme temperature 
changes, rough handling and operator fatigue. Let their transistor Plant Man
ager, Mr. Charles Sporck, tell you, in his own words, how these problems 
were solved. 

"The optical and mechanical deJign of our Amer
ican Optical microscopeJ (AO SerieJ 27 Stereo Micro
scopeJ) a!!ows our assemblers to work with them for 
a longer period of time, without the norma!!y pre· 
valent operator fatigue. They stay in co!!imation 
better through the rough handling and severe tem· 
perature cycling, common to our production. We 
also like their ease of maintenance which enableJ us 
10 perform a!! routine adjustments and repairs in 
OIlY own plant" . 

If you are faced with any kind of production, assembly 
or inspection problem which can be helped by the use 
of Stereoscopic Microscopes ... ask to see the most 
complete line available in America tOday. From over a 
hundred different models you'll be sure to find, like 
Mr. Sporck, one that exactly fills the bill for you. Cou
pon below brings complete information. 

r----------------------------------. 
I Dept. I 178 I I Please send 32 page Color Brochure SB56 on I 
I A . � O · America!1 Optical Stereoscopic Microscopes and 

mencan ptlcal accessories. I I I I COMPANY Name I I INSTRUMENT DIVISION, BUffALO 15, NEW YORK Address I 
L City Zone __ State i 

---------------------------------- � 
IN CANADA write-American Optical Company Canada Ltd., Box 40, Tenninal A., Toronto, Ontario. 
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GEOLOGICAL HISTORY of Antarctica is shown in this chart. 

An approximate time scale and the major geologit'al periods are 

indicated at left. The next column lists and illustrates schemati
cally the succession of geological events, the fossil and rock evi .. 
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NO ROCKS KNOWN 
dence for which are shown at right, Many 

gaps and uncertainties remain in the record, 

grooving the exposed basement rock and 
depositing as much as 900 feet of �illite 
in the Ohio Range . 

The onset of this ancient ice age is  
not precisely dated,  but the indica

tions are clear that the glaciation came 
between the Devonian and Permian 
periods . The history of Antarctica in this 
latter, closing period of the Paleozoic 
era, some 250 million years ago, is  
richly preserved in the fossi l  Hora found 
in a sedimentarv sequence that lies on 
top of the glacial deposits in the Ohio 
Range, The most striki ng testimony to 
the richness of this record are the nu
merous coal beds as much as 13 feet 
thick. In the bedding planes,  the large 
tongue-shaped leaf of the well-known 
Permian plant Glossopteris is  profusely 
displayed, 

The sandstones in which the coal beds 
occur are plainly terrestrial in ori gin ,  
above sea  level at the  t ime of  deposi
tion . High percentages of feldspar in the 
sandstone indicate that granitic moun
tains were eroded to provide a source 
of the fine-grained sand particles spread 
by streams and deposi ted on Hood 
plains, The abundance of coal and fos
sil  Hora i n  other forms suggests a 
lush, green vegetation in a humid, 
swampy environment, Large petrified 
tree trunks, as much as 24 feet in length 
and two feet in diameter and with 
prominent growth rings, are embedded 
in the sandstone. They evoke a picture 
of a fast-growing Temperate Zone rain 
forest not unlike that of Washington and 
Oregon, Rivers and streams meandering 
across great alluvial plains must have 
undermined and buried these trees 
where they fell . The plant remains be
came a part of stagnating swamps and 
formed peat bogs that were later trans
formed to coal . Although it is difficult 
to reconstruct the Permian topography 
of Antarctica, it appears that the up
lands from which the sediments were 
eroded lay in the same relative direction 
from the coal beds as the South Pole 
does today, But those uplands may not 
have been at the South Pole then, even 
though an ice-free polar region might 
have a climate fit for a Hourishing vege
tation during a warm period i n  the 
earth's climatic cycle, 

Coal measures and strata bearing 
Glossopteris have been known i n  Ant
arctica since 1901, when Hartley T, Fer
rar, the geologist attached to Scott's 
first expedition, found carbonaceous 
streaks in the sandstones of Victoria 
Land and called these beds the Beacon 
sandstone, Rocks of similar description 

and age have been found around the 
edge of the continen t, at such wide
spread localities as Horn Bluff, the 
Amery Ice Shelf and the Shackleton 
Bange, What gives the new finds in the 
Ohio Range significance is  the associa
tion of these Permian deposits with the 
underlying glacial tillite. Similar asso
ciations have been found in India,  
Madagascar, South Africa, South Amer
ica, New Zealand and Australia.  
VVhenever they occur, these deposits
essentially glacial formations that un
derlie a varied thickness of continental 
deposits rich in plant remains and 
coal-are referred to as representing 
Gondwana deposits (named after Gond
wana, a region in  India), This and other 
parallels in the geological record of the 
land masses of the Southern Hemisphere 
suggest that much closer ties must have 
existed among them in thc past. As early 
as 1885 the Austrian geologist Eduard 
Suess was moved to postulate the ex
istence in past ages of a gigantic conti
nent that he called Gondwanaland . 

From Cape Horn to the tip of the 
Antarctic Peninsula the distance is 
roughly 1,000 kilometers (600 miles) 
across the Scotia Hidge, This is the near
est any other continent of the Southern 
Hemisphere comes to An tarctica .  Around 
other points of the compass much 
greater distanccs separate the seventh 
continent from the nearest land masses, 
Distances of the same order of magni
tude separate these land masses from 
one an other. Geographically and cli
matically they have little in common, 
and none of them bears any resemblance 
to Antarctica, 

I n spite of present geography, h ow-
ever, the record of geological history, 

augmentcd by recent work in Antarc
tica, must now be pressed agai n .  The 
post-Devonian glacial episode, which 
some geologists have regarded as a local 
event on each of the present continents, 
assumes hemispheric dimensions once 
more with the discovery of  the consid
erable deposits of tillite in the Horlick 
Mountains . Especially close parallels 
can be seen between the Antarctic for
mations and the classic Gondwana sec
tion of South Africa [see illustration on 
next pagel, Everywhere the Gondwana 
association is  dominated by the abun
dant leaves of the Glossopteris Hora, 
and also almost invariably includes 
plants of other genera, Noeggamthiop
sis, Gangamopteris an d Schizoneura, 
The assemblage is much less diversified 
than the contemporary Horas of the 
Northern Hemisphere, and these plants 
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dominate virtually all the habitats in 
the Gondwana area . Evidence for a 
common historv is to be seen even in 
the present-day economics of the Gond
wana lands . The wealth of coal laid 
down in continental deposits and the 
dearth of oil  in marine deposits support 
the idea that in ages past the Southern 
Hemisphere was a land hemisphere rath
er than an ocean hemisphere . 

Gondwana deposits also show a com
mon assemblage of distinctive terrestrial 
and aquatic reptiles . None of these has 
yet been found in Antarctica. The most 
promising i s  the free-swimming reptile 
Mesosaurt/s, which inhabited river 

JURASSIC 

TRIASSIC 

PERMIAN 

CARBON
IFEROUS 

DEVONIAN 

SILURIAN 

ORDOVICIAN 

CAMBRIAN 

ANTARCTICA 

mouths now distantly separated in Bra
zil and South Africa.  Careful search of 
the Permian deposits in  the Ohio Range 
has so far failed to produce any verte
brate remains . The hunt is encouraged, 
however, by the finding of impressions 
of trails and tracks on bedding planes . 
There is still a possibility of finding re
mains of Mesos(lllTlIS or its contem
poraries in these deposits .  

The Antarctic coals are  of "high rank" 
-that is ,  anthracitic and low in volatile 
components rather than bituminou s .  
This indicates that t h e  plant debris must 
have been buried under enormous thick
nesses of sediment . Around 180 million 

vears ago. in the Lower Jurassic period, 
hot mol ten material invaded the sedi
ments from below, baking the deposits 
and altering the coal in some cases so 
that it  became graphitic . 

As the receEt discoverv of the Ant
arctic Gondwana formations suggests, 
the open terrain and exposed rock of 
the eastern continental land mass h ave 
not vet been thoroughly explored and 
picked over by geologists . But it i s  ap
parent that the record of the past 250 
million years, embracing most of the 
Mesozoic era and all of the Tertiary and 
Recent periods, is largely hidden by the 
continental ice sheet. For insight into 

SOUTH AFRICA SOUTH AMERICA INDIA 

1 1 1 +----------------------
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ANTARCTIC STRATA are correlated with those in three other 

areas in this chart. The most striking correlation is found at the 

so-called Gondwana levels, where glacial debris, or tillite, lies 

under continental sediments rich in plant and animal fossils_ The 

close correspondence of these levels in regions that are now wide

ly separated suggests that they once formed a single land mass_ 
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these later periods one must turn to the 
exposed lands of the Antarctic Peninsula 
and the islands of the Scotia Ridge. 

The historv of West Antarctica is 
more clos�ly related to the Andean 

province of South America than to the 
main continental land mass of Antarc
tica. In 1895 the Polish geophysicist and 
meteorologist Henryk Arctowski, who 
made the first landing on the continent 
with Carsten E. Borchgrevink, noted that 
the geology of the Antarctic Peninsula 
is nearly a mirror image of Patagonian 
geology and suggested the name Ant-

arctandes for the mountains of '''lest 
Antarctica. Here a large m arine basin, 
the limits of which are not determined, 
was accumulating sediments during the 
Jurassic period. The sedimentary rocks 
now uplifted on South Georgia and 
other islands of the Scotia Ridge as well 
as on the peninsula itself bear the record 
of this span of years. 

Between 1901 and 1903 the rich fos
sil deposition of the Jurassic was first 
sampled at Hope Bav on the northern 
tip of the Antarctic Peninsula. �10re 
than 61 species of plants have now been 
identified, and it is clear that the J uras-

sic landscape was as luxuriant as the 
Permian of 100 million years before, 
even though no Jurassic coals have yet 
come to light. One may judge that the 
climate was warm, perhaps even trop
ical. The fossils are found in black shales 
that are interbedded with volcanic 
rocks . Most likely the seas in which 
these sediments accumulated were part 
of a shallow shelf area adjacent to the 
deeper trough to the north. Compared 
with the sh·ata from the Permian period 
in the interior of the continent, which 
lie flat in the horizontal planes in which 
they were deposited, the flora from the 

MOUNT EREBUS, the only active volcano in Antarctica, is on 

Ross Island at the end of a long chain of extinct volcanoes running 

down the Antarctic Peninsula and along the coast of the continent. 

An extinrt rrater is visible here to the right of the main crater. 
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ADVANCED SATURN, shown in artist's concept above, will be 
the free world's largest rocket, standing some 350 feet high and 
measuring 33 feet in diameter. Takeoff weight will be approxi
mately 6,000,000 pounds. A National Aeronautics and Space Ad
ministration program, Saturn will be used to power orbital and space 

flights, including the three-man Apollo vehicle's lunar flight. Saturn 
will be able to place 100 tons in earth orbit, or transport several 
tons of instruments to Mars. Boeing holds NASA contract to de
velop, build and test the s-Ie first-stage booster, comprising five 
engines developing thrust equal to about 160 million horsepower. 

Capability has many faces at Boeing 

AIR CARGO enters jet age with new 70 7-
320C cargo jets. Already ordered by two car
riers (Pan American and World Airways) -320C 
can carrr, 45 tons at 575 mph, providing "next 
morning 'deliveries across an ocean or continent. 

HOT SHOT wind tunnel tests winged research 
model in re-entry attitude, part of extensive 
Boeing space vehicle research. Test was made at 
simulated speed of 12,000 mph and altitude of 
215,000 feet, at temperature of 5300 degrees F. 

MISSILE LAUNCH. U. S. Air Force photo 
shows Boeing B-52H launching a hypersonic 
Sky bolt , the nation's first air-launched ballistic 
missile, now under development. Versatile B-52 
missile bombers also carry and launch super
sonic Hound Dog missiles, as well as bomb-bay 
weapons, enabling it to strike a number of mili
tary targets on a single mission. 
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Jurassic and later periods in W cst 
Antarctica all occur in beds that have 
been strongly folded. 

Through the Tertiary period, which 
embraces most of the earlier part of the 
past 100 million years , West Antarc
tica was involved in the great mountain
building processes that elevated the 
Andean chain of South America .  The 
highest of the Antarctic mountains are 
in the Sentinel Range, where the Vinson 
Massif rises to 16,800 feet . The conti
nental land mass was meanwhile in the 
throes of the different mountain-building 
process of block faulting and uplifting, 
without intense lateral folding and de
formation . As the end result the Horlick 
and Queen Maud mountains and the 
mountains of Victoria Land stand as ex
amples of the block-fault mountain 
structure ; the area has been called the 
Antarctic Horst.  

These profounder disturbances were 
accompanied by outbreaks of volcanism 
i n  both regions . Large volcanoes pierce 
through the present ice sheet, with 
calderas of collapsed craters several 
miles in  diameter giving evidence that 
they attained elevations of 16,000 feet 

at maturitv . Mountain building waned 
in most of the region during the late 
Tertiary, but volcanism continued and 
even persists in  the Scotia Ridge and in 
the Ross Sea area.  There Mount Erebus 
remains the only living volcano in Ant
arctica . 

Throughout the Tertiary the climate 
remained sufficiently warm to support 
the growth of plants. Fossils of the an
cestral stock of the Southern Hemi
sphere conifer Amucaria and the south
ern beech Nothofagus both occur in the 
Tertiary flora of Hope Bay in associa
tion with other woody temperate or 
subtropical species, reflecting the con
tinuation of more genial climatic con
ditions on the Antarctic Peninsula some 
50 million years ago . The fossil record 
of the peninsula also shows abundant 
mollusks, brachiopods, cephalopods 
(prototypes of the modern chambered 
nautilus), fishes and early penguins.  

Beginning around the middle of the 
preceding Mesozoic era and continuing 
through the Tertiary period, h owever, 
the similarity of these faunal  assem
blages with those of  areas farther north 
had already begun to decrease. The 

' . ' 

change can be traced from identic.! to 
similar to closely related and then to 
distantly related l ife forms .  By mid
Tertiary times the austral fauna shows 
considerable isolation . Elsewhere in the 
world mammals had already become the 
dominant land animals, but there are 
no signs of this development in Antarc
tica . Thus although Antarctica remained 
in the mainstream of floral evolution 
through the genesis of seed-bearing 
plants, as represented by Amucaria and 
Nothofagus, i t  somehow missed the cul
mination of the evolution of animals.  

T oward the end of the Tertiary, as  
recently as a few mil l ion years ago, 

the continental mass of Antarctica had 
assumed an outline differing only slight
ly from its present shape. At this time the 
climate began to change. Ice began to 
accumulate on Antarctica contempora
neously with the Pleistocene glaciation 
that took over the Northern Hemisphere 
about a million years ago . The present 
Antarctic ice sheet is probably a continu
ation of that glaciation.  

Although Antarctica today is  isolated 
by geography, its geology gives it  close 

) 
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GONDWANALAND and continental drift offer one possible ex

planation for geological similarities between Antarctica and the 

other Southern Hemisphere land masses. The evidence includes the 

jigsaw fit of South America and Africa. Moreover, there are lineal' 

basins of sedimentary accumulation, called geosynclines, in four 

of the continents. \Vhen the continents are fitted together as sho\\ n, 

these isolated hasins line up in what Alex. L. Du Toit called the 
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---------- --------
"Samfrau" Geosyncline (taking the name from letters in the 

words South America, Afdca and Australia), the axis of which is 

shown here by the heavy black line. Deposits of glacial tillite at 

approximately the same level in each of the continents are ind i
cated by the gray tone. The short arrows show the direction of 

movement of the glaciers. Small black circle marks South Pole; 

('I'OSS indieates where Du Toit thought Pole may on('e have been. 
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S h o rtc u t  to a s u m .  T h e  d i sc o v e re r :  K a r l  F ri e d ri c h  G a u s s ,  a g e  s i x .  C al l  i t  C o g n i t i v e  

R e o rg a n i z at i o n ,  I n s i g h t, A c h p h e n o m e n o n .  I t ' s  t b at c l i c k  t h at s n a p s  te n s e p a rate n u m 

b e rs i nto f i v e  p a i rs ,  e a c h  tota l i n g  e l ev e n .  T h e  flas h t h at p u l l s th e p a rts i nto a w h o l e .  

T h e  n ew d i recti o n  t h at y i e l d s  m o re e l eg a n t  m eth o d s  o f  s o l u ti o n .  

A d v a n c e s  at L itto n S y ste m s  a r e  b e i n g  m a d e  b y  e n g i n e e rs w i t h  i m p u l se s  t o  i g n o re 

c e i l i n g s  a n d  b re a k  b a r r i e rs .  If y o u  are i m pe l l e d  to t u r n  y o u r f l as h e s  i n to facts , act 

n ow .  S e n d  y o u r  res u m e  to M r . D o n  F. K ra u s e ,  M a n a g e r  P rofess i o n al a n d  S c i e n t i f i c  

Staffi n g .  Yo u m ay e x pect p ro m pt atte n ti o n .  
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W E STON A E R O S PAC E I N ST R U M ENTS . .  
P R OV E D  R E L I A B L E  I N  O R B IT 
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Flyi n g  by w i re i m poses r ig id re l i a b i l ity d e m a n d s  o n  
a e rospace i n stru m e nts.  Weston Aerospace I n stru
m e nts have l ived u p  to t h i s  req u i rement.  These 
l i ghtweight,  l ow-cu rrent i n d i cators a re backed by 
u n i q u e  e n g i n eer ing and m a n u factu r i n g  experi e n c e  
dati ng from t h e  or ig i n a l l LS i n stru m e ntati o n ,  a n d  by 
a t ra d iti o n a l  reputat i o n  for a ccu racy a n d  rel i a b i l ity. 

Weston has a ppl ied th is  u n usual  design and pro
d u ction experi ence in a n u m ber of adva n ced space 
proj ects : 
M ercu ry - More than a th i rd of the Spacecraft 's  
a n a log i n d icators were suppl ied by Weston for 
measu rement of 14 va riables: fuel, coolant a n d  
oxygen s u p pl y, ca b i n  a n d  s u i t  enviro n ment, A-C 
a n d  D-C fu n ct ions.  
Gemini  - As a resu l t  of  the proven rel i a b i l ity of 
Weston i n stru m entati o n  i n  M ercu ry, Weston dual  
i n d i cators h ave been selected to mon itor s i m i l a r  
va riables f o r  Gem i n i .  
Other projects - Weston i n strum ents . . .  p roved 
in orbita l  f l ight,  w i l l  acco m pa ny a stro n a uts in fu·  
t u re m a n ned space probes. Experi enced Weston 
e ngi neers ca n design and s u pply i n st r u m entati o n  
to m eet you r  m ost rigi d  req u i rem ents. Write for 
o u r aerospace ca p a b i l it ies broch u re.  Dept. 99. 

v.I E S T O  N I N S T R U M E N T S  
Division of  Daystrom, Incorporated, Ne wark 14, New Jersey 

A e ro s p ac e  I n s t r u m e ntat i o n  • B i m etal  T h e r m o m eters • Cal i b rat i o n  & Test 

E q u i p m e n t · P a n e l  & S w i tc h b o a rd M et e r s . P h o to s e n s it i v e  Devi c e s . P re c i s i o n  

M e t a l  F i l m  R e s i stors . R e l ays & T ac h o m eters . Syste m s  De s i g n  & Deve l o p m e nt 

1 8 2 

ties to the world across the surround
i ng Southern Ocean . Animal affiliations 
between Antarctic and other Southern 
Hemisphere forms can be explained by 
migration ; transport by birds, wind or 
water may explain the relation between 
plants found in now distant land masses . 
But these mechanisms cannot account 
for the dispersal of such endemic, placc
bound forms as the sedentary brachio
pods . These animals are neither swim
mers nor floaters ; their free-swimming 
or drifting larval stage is a m atter of 
h o urs or of several days at most. The 
oceanic deeps that separate the Southern 
H e misphere land masses and isolate 
A l l tarctica present insurmountable bar-

marker of the Gondwana deposits that have 

been identified in five continents. This fossil 

leaf, photographed by James M. Schopf of 

the U.S. Geological Survey, is embedded 

in sandstone from the Orange Free State 

in South Africa, some 4,000 miles across 

the ocean from the site where the leaf 

show n at the top of page 168 was found. 
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Photomicrogra p h  of the su rface of a b icrysta l with 100 
plane etch f igures ( 1 200 x magn if icat ion) .  

Photosensitive Semiconductor Devices 
One of the most recent advances in 
the Reid of photosensitive semicon
ductors is the semiconductor bicrys
tal . Though it resembles the photo
transistor in its mode of operation, the 
bicrystal offers a number of superior 
characteristics for light-sensitive ap
plications. Our Solid State Depart
ment is exploring these in considerable 
detail. 
Bicrystals are formed by growing to
gether two differently oriented mono
crystals, resulting in a grain boundary 
interface. In n-type germanium this 
layer has p-type character and is ex
tremely thin-less than a barrier layer. 
A spot of light traversed from one 
side of the block to the other across 
the grain boundary produces a sharp 
discriminating voltage response, as 
shown below. 

Bicrystals offer a number of unusual 
characteristics, among them : response 
speed as much as 100 times faster 
than conventional germanium cells ( at 
frequencies as high as 107 cps ) ,  high 
sensitivity at low voltage, probable re
sistance to nuclear radiation, no in
herent limit to optical resolution ( be
cause of the exb'eme thinness of the 

grain boundary layer ) ,  and ability to 
work as a Reid effect ampliRer almost 
independent of temperature in the 
range from 40 to 300 0 K. 

These unique characteristics imme
diately suggest bicrystal application 
in tracking and guidance devices, in 
sensing and control systems, in laser 
communications systems, and as a-c 
generators. 

We've also developed a diffused sil
icon photodiode with high response 
speed ( less than 0 . 1  f.Lsec ) and low 
dark current ( less than one f.La at 
room temperature ) .  This  pinhead
sized diode is well suited for array 
arrangement and promises to be in
valuable in photoactivated systems for 
analog-to-digital converters, punched 
card or tape-reading, optical memory 
circuits, curve followers, etc. 

Research Laboratori es D i v ision 

Then there i s  the new Bendix photo
potentiometer, a device of particular 
value to the designer of miniaturized 
systems. In this, a bar of semiconduc
tor contains a p-n junction parallel to 
the length of the bar. Because a nar
row beam of light moving along the 
exposed p-n junction serves as the 
wiper, the photopotentiometer is fric
tionless and noise free. Applications 
include analog position or orientation 
sensing, and pressure or acceleration 
transducing, among others. 

Bendix research embraces a com
plete range of disciplines including 
acoustics, nuclear, data processing, 
microwave, fluid power, lasers and 
masers, guidance, electronics, solid 
state physics, and mechanics . Moti
vation : to develop new techniques 
and hardware for producing com
plete, integrated, advanced systems 
for defense, industrial and commer
cial applications. Inquiries are invited. 
We also invite engineers and scientists 
to discuss career position opportu
nities with us. An equal opportunity 
employer. Write Director, Bendix 
R e s e arch Laboratories  D i v i s i o n ,  
SouthReld, Michigan. 

T�ncfY 
C O R P O R A T I O N  

WHERE I DEAS 
UNLOCK 
THE FUTURE 
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""" The one instrument in all the world so precise in 

main order t riangulat ion, in pinpointing geographic 

position, and in meeting the highest re quire ments 

of direct astronomical observation. 

The Wild T-4 Universal Instrument' stands as today's 

supreme achievement in surveying inst rument ation 

. . .  a monument al t ribute to a thousand skills. 

*A complete line of Wild instruments are in worldwide 
service in surveying, photogrammetry and microscopy. 

M-20 T-2 
Research Microscope Universal Theodolite 

M-5 
Stereomicroscope 

R C-9 120' 
Aerial Camera 

IL 
H E E R B R U G G  
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WILD HEERBRUGG INSTRUMENTS, INC. 

PORT WASHINGTO N ,  NEW YORK 

In Canad a :  W i l d  of Canada, ltd. ,  

881 Lady E l t en Place, Ottawa 3 ,  Ontario 

riers to dispersal of such organ isms.  In 
the h istory of these animals dispersal 
is  invariably ach ieved by spread along 
shore lines . Land bridges reaching in  
various directions have accordingly been 
postulated.  But there are no vestiges 
of these bridges to be seen ; such step
pingstones as the Society Islands in 
the Pacific and Tristan da Cunha i n  the 
Atlantic all fail, because they are rela
tively new volcanoes originating from 
the ocean floor and in no way related to 
the ancient mainlands of Africa, South 
America and New Zealand .  

The obstacles t o  dispersal a r e  sur
mountable, however, if proximity can be 
allowed.  I f  the Southern Hemisphere 
land masses were joined together at 
some time in their geologic history, 
most of the questions about the distribu
tion of l ife in these regions can be 
answered.  

Geology and paleontology do not 
furn ish the only evidence in support of 
the idea that the present Southern Hemi
sphere land masses represent fragments 
of a former great continent that broke 
up and drifted apart. The simplest clue 
is  the geodetic one suggested by the 
j igsaw fit of the east coast of South 
America and the west coast of Africa.  
;\1 uch has been written about conti
nental drift, and its influen ce waxes and 
wanes in the l iterature of geology. The 
past decade's work in Antarctica has 
played an important role in the revival 
of interest in the hypothesi s .  

T o  t h e  independently compelling fos
sil  evidence the l atest paleomagnetic 
studies lend great force. Since primarv 
considerations require that the M ag
netic Pole be located somewhere in the 
vicin ity of the pole of the earth's rota-
tion , the odd directions pointed by the 
fossil magnetism of the rocks around 
tbe world arc more readily explained 
as evidence of continental wandering 
[ see "The Land of tbe Antarctic,"  by 
George P .  Woollard, page 151 ] .  If  this 
sounds fantastic, those 24-foot trees, 
those layers of abundant leaves and 
those thick seams of coal all in strata 
that are under an ice sheet two miles 
thick are no less so. If the continent did 

not wander, where was the Pole when 

the continent was green? Where was the 

continent if the Pole did not wander? 

Ice and coal are not deposited in the 

same polar region under the same cli

matic conditions .  Yet in Antarctica they 

coexist! 
This coexistence forcibly demands an 

explanation. The seventh continent 
holds a master key to the earth's an
cient historv . 
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S C I E NT I F I C  P RO B L EM-SOLVING : 

Creating new air-strike power for ground 
forces _ Air mobil ity for 25 per cent of our combat  forces is a 
1 970 goal . . .  and air mobil ity for the  entire Army is no longer 
conj ectural but a realistic working objective. 

The Research Analysis Corporation has  major new responsi
bilities in operational analysis of su bsonic mi l itary aviation, 
which underlies the d evelop ment/improvement of hel icopters, 
VTOL and STOL aircraft, flying cranes and other n ew-typ e 
craft .  RAC is also studying how these vehicles can best be 
equipped and used in times of peace and war. 

But  air mobil ity is only one of  m any problem areas in which 
RAC scientists and engineers apply the techniq ues of op erations 
research and systems analysis. RAC's efforts are aimed at  pro
vid ing a comprehensive scientific found ation for m ajor mil itary 

and political decisions looking ahead to 1 965, 1 970 and beyond. 

RAC is a nonprofit  organization establ ished to focus the talents 
of profess ion a l  men and women on such problems.  We currently 
offer career ap pointments to research engineers, systems spe
cial ists,  p hysicists,  econom ists, m athem aticians,  and social  and 
l ife scientists.  Our  dynamic expansion creates uncommon 
opportunities for rapid person al  growth, and o u r  intel lectual  
environment st imulates creative accomplishment.  Remuner
ation reflects the high level of  contribut ion we seek from you. 

Please d irect your inquiry in con fidence to : M r .  John B u rke, 
Research Personnel Officer, Research Analysis Corporation, 
693 5  Arlington Road, Bethesda 1 4, M arylan d .  (Residential  
suburb of Wash ington, D.C.)  An equal  
opportunity e m p loyer. • i " .. 

Research Analysis Corporation 
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The Oceanic Life of the Antarctic 

The waters around Antarctica, which supportfew species but large 

populations, are one of the richest biological pro(Jinces on earth. 

The key organism in the simple food chain is the shrimplike krill 

A 
marine biologist with his townet 
can locate the Antarctic Conver
gence, that outer oceanic frontier 

of the Antarctic, as readily as an ocea
nographer can with his instruments for 
measuring the salinity, temperature and 
Row of the waters . When Euphausia su
perba, the red shrimplike crustacean 
commonly called krill, shows up in the 
net, all hands can be certain that their 
ship has passed southward across the 
Convergence. The krill symbolizes life 
in the Antarctic more aptly than any 
penguin does .  It  is the key organism in 
the shortest food chain of one of the most 
abounding provinces of life on earth . 
Feeding directly on the one-celled plants 
of the sea, the krill in turn supports not 
only fish but also penguins and vast 
populations of winged sea birds, seals 
and whales . Thus in Antarctic waters the 
building of the body of the blue whale, 
the largest animal that has ever lived, 
goes on at only one remove from the 
organic fixation of the radiant energy of 
the sun by microscopic plants . Thanks 
also to the immense fertility of the water, 
maintained by the upwelling of mineral 
nutrients from below, the 12 million 
square miles of Antarctic ocean are rich
er in life than any other comparable 
oceanic area. 

Throughout the region the abundance 
of life at sea contrasts with the poverty 
of life ashore . Especially on the Ant
arctic continent proper, the community 
of terrestrial life presents a study in 

ANTARCTIC SPECIES thrive in a world 

of ice and water. The crabeater seals and 

emperor penguins in the aerial photograph 

on the opposite page are on au ice floe off 
Cape Crozier on Ross Island. Leopard seals 

prey on penguins, but only in the water. 

by Hobcrt Cushman JVrurphy 

adaptation to the extremes of cold and 
desiccation [see "The Terrestrial Life of 
the Antarctic," by George A . Llano, 
page 212]. Hence the vast bulk of Ant
arctic life is marine . The land provides 
little more than a breeding place for 
birds and mammals that have otherwise 
forsaken it for the sea. Under the 
steady circumpolar drive of the prevail
ing westerly winds and the eastward
moving current at the Antarctic Con
vergence, the whole vast region tends 
toward considerable uniformity in the 
distribution of its living forms . For this 
reason the Antarctic offers an admirable 
field for elucidation of the broad princi
ples of marine ecology. 

The unparalleled lushness of the Ant
arctic Ocean arises from the turnover of 
the waters of the Atlantic, Pacific and 
Indian oceans set in motion by the bot
tom current of chilled water that runs 
outward from the continental shelf of 
Antarctica . The surface water is rich in 
nitrogen, bound in nitrate and nitrite 
salts; nitrogen-liberating bacteria, plen
tiful in warm seas, are scarce or inhibited 
in Antarctic water. The phosphate con
tent is so high that it is never fully uti
lized by the microscopic plants of the 
plankton, as is common in summer in 
northern temperate latitudes .  Whereas 
lime is scarcer than it is in ocean waters 
that are supplied by continental runoff 
in the north, silica is abundant. Silica is 
preponderant, therefore, in the hard 
parts of the plants and invertebrate ani
mals of the plankton. The one-celled 
algae, for example, appear in the sili
ceous, snowRake diatom forms rather 
than in the limy dinoRagellate forms 
that prevail elsewhere in the world 
ocean. S ince the capacity of water for 
dissolved gases varies inversely with 
temperature, the amount of oxygen in 
Antarctic water is of the order of 95 

per cent of saturation in winter, with 
frequent supersaturation. Oxygen con
tent is lowest in late summer, when tem
peratures are highest, but it is ample 
even then.  

W ith a constant supply of nutrients 
for diatoms and other one-celled 

plants, which are the pasture of the sea, 
the stage is set for maintaining the pyra
mid of oceanic life . In addition to the 
food chain centered on the krill and 
other euphausians, there are chains in 
which squids or small schooling fishes 
supply the staple food of larger fishes, 
petrels, penguins, seals and whales; 
these cycles are less well known.  No 
matter what links form the chain , the 
primary foodstuff is ultimately restored 
to the water in the form of excreta and 
dead bodies, broken down by bacterial 
decay. Upwelling then returns it to the 
surface layer, where photosynthesis 
takes place, and the whole process is 
repeated. In the Antarctic, sea water is 
not to be regarded as merely saline 
H20. It is also a broth that has been 
physiologically conditioned by the me
tabolism of organisms, to the general 
benefit of their populations . 

In a surprising way the very coldness 
of the water accounts in part for the 
unique wealth of Antarctic marine life. 
As long ago as 1908 Jacques Loeb, then 
at the University of California, demon
strated that the duration of life and the 
rate of development respond differently 
to temperature . Working with sea urchin 
eggs, he found that reduction of tem
perature by 10 degrees centigrade theo
retically increased the length of life 
1 , 000 times, whereas the corresponding 
period of development was increased 
only about three times. From this he 
concluded that the chemical processes 
controlling development are altogether 
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different from those causing old age and 
death . The sense of Loeb's discovery is 
demonstrated in the Antarctic water . 
There, at a temperature of 0 degrees 
C . ,  individual organisms have longer life 
spans. As a result many more successive 
generations of each species of marine 
organism live contemporaneously than 
exist in warmer waters. On the other 
hand, the number of species in each 
great family of plants and animals native 
to the Antarctic is small in comparison 

with that of the tropics . Therefore in 
general it can be said of Antarctic waters 
that they abound in larger numbers of 
fewer kinds of plants and animals than 
milder oceans do. The same is also true 
of the higher vertebrates-the birds and 
mammals-that surmount the pyramid of 
Antarctic marine life. 

Echo-sounding gear has shown that 
the animals of the plankton in the Ant
arctic, as in other oceans, congregate in 
layers at various depths and in sufficient 

--==.. .:..::.:: :::-::=:..:-- :- :-=:;--- - ,. - -- � -

� -::.. - - :�,�� - -

density to return a blurred echo. These 
"deep scattering" layers migrate verti
cally in the course of the day, usually 
sinking during daylight hours and ris
ing toward the surface at night. In some 
Antarctic species an annual cycle of 
horizontal migration is superimposed on 
this diurnal oscillation; certain crusta
ceans tend to drift northward during the 
summer and descend at the Antarctic 
Convergence into deeper southward
moving water masses. They thereby 

MARINE ANIMALS of the Antarctic are seen in their normal sur

roundings on this page and the next three pages. Their approximate 

distribution on the mainland, shelf and pack ice and Antarctic 

islands and in the open sea is indicated by the schematic cross sec-
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maintain a favorable latitudinal place
ment by means of a vertical circular 
overturn . Francis C. Fraser of the Brit
ish Museum has observed that in addi
tion to such seasonal migration the 
krill carries out migratory movements in 
correlation with successive stages in its 
life history . Larval forms appear to con
gregate in southward-flowing waters be
tween the surface and the bottom. Up
ward movement then brings a constant 
replacement of adolescents at the edge 

of the pack ice, after which the maturing 
organisms are carried northward at the 
surface as far as the Antarctic Conver
gence. 

Since the upper Antarctic water 
masses flow eastward under the influ
ence of the prevailing westerly winds, 
the movement of the zooplankton also 
has an eastward component that pro
motes high uniformity in the distribution 
of species around the polar continent . 
As a result the distribution of an imals 

SNOW PETREL 

that feed on the plankton shows a cor
responding uniformity . Under particu
lar circumstances, given peculiarities in 
oceanic circulation or the availability of 
especially favorable breeding places, 
some species cluster in more or less con
stant nodes of concentration . A few 
species, such as the chin-strap penguin, 
seem to be only now at the point of 
extending their ranges "all the way 
around." 

Although even less is known about 

ANTARCTIC FULMAR 
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PACK ICE 
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tion across the bottom of the four pages. The leopard seal, normally 

a creature of the outer pack ice, comes in close to shore to prey on 

penguins. Of the winged birds, only the Antarctic skua, the Antarc

tic tern and a few of the petrels actually breed on the mainland. 
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the bottom of the Antarctic Ocean than 
about its overlying waters, it  appears 
that the community of life in the depths 
reflects the same circumpolar pattern, 
with a more or less well-defined northern 
boundary at the Convergence . Since the 
Convergence is generally thought of as 
a surface or near-surface phenomenon, 
the reason for the sharp transformation 
at the bottom below it is not immediately 
clear. It may be related to differences 
in the rain of organic detritus from wa-

HUMPBACK WHALE 

ters near the surface. The bottom world 
of mollusks, brachiopods, pycnogonids, 
echinoderms, corals, tunicates,  hydroids, 
holothurians and marine worms largely 
remains to be explored. Of particular 
interest are the sponges, which seem to 
be represented here in greater profusion 
than they are in tropical oceans. Sponges 
are usually held to have gained their as
cendancy in the Cretaceous period of 
from 140 million to about 70 million 
years ago, but some zoologists believe 

that their true climax is today and .in 
the Antarctic. 

In contrast to the rich life of the 
deep waters, the coast line of Antarctica 
and the shores and submerged ledges 
of the Antarctic islands are surprisingly 
barren of bottom life and fish. Large 
attached algae are scarce in the inter
tidal band on the coasts. Perhaps only 
because rising and falling ice scrapes the 
rock clean, the absence of wrack of any 
sort in the dark but clear water below 
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ANTARCTIC OCEAN, rich in plant and animal plankton, is a 
favorite feeding ground for whales. The blue whale, the largest 

creature on earth, feeds on swarms of the crustacean Euphausia 
superba, or krill, as do the humpback and finback whales and many 
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the cliffs of the continent and its neigh
boring islands is one of the striking dis
tinctions of the area. In addition, the 
thickness and density of the fast ice and 
close-in pack ice filter out sunlight. 
Photosynthesis is feeble or gives out al
together, and the ecological system is 
vitiated. Most of the animals seem to be 
wandering carnivorous types. 

As for the vast regions of water that 
underlie the great ice shelves of the 
Antarctic continent, such as those of the 

Ross and .yVeddell seas, it has long been 
held that these are quire deficient in life. 
This supposition has been tipset recently 
by the finding of large fishes together 
with bottom invertebrates frozen in situ 
and exposed well above sea level on the 
wind-scoured surface of the Ross Ice 
Shelf near the U.S. base at McMurdo 
Sound. These remains,  on top of ice more 
than 1 00 feet thick, had apparently been 
trapped by freezing at the bottom of the 
shelf when ice touched the sea Roor. 

Thereafter they were brought up slowly 
as the v.dnd ablated the upper surface 
of the shelf and new ice nourished the 
bottom. Preliminary carbon-14  dating 
indicates that it may have required 
about 1 , 1 00 years for these specimens 
to work their way up through the ice. 
If the explanation of how they did so 
is correct-and there seems to be no other 
explanation-it confirms a glaciological 
hypothesis advanced 40 years ago. It 
also serves as a stimulus for the chal-

fi shes, seals and birds of tbe Antarctic . The killer whale preys on 
seals and other whales. The drawing at the right illustrates the 

multiple use of  the small areas available for nesting on most of  the 
Antarcti c islands, with several species of  birds crowded together. 
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whereas kinds that are characteristic of 
less polar waters are likely to be limited 
to different peripheral areas. From all 
of these observations ichthyologists con
clude that the Antarctic fish fauna must 
have evolved during a period of cold iso
lation, dating perhaps from the earlier 
half of the Tertiary period, which is reck
oned as running from about 70 million 
years ago to the beginning of the Pleisto
cene, one million years ago. 

A complete chapter in an early work 
on the natural history of Iceland 

consists of the single sentence: "There 
are no reptiles in Iceland." For the same 
reason this discussion must now skip 
from fish to the warm-blooded velte
brates . 

Like the submarine denizens of the 
Antarctic waters, the birds exhibit a 
degree of endemism that suggests long 
isolation. Penguins, of course, come first 
to mind . Actually penguins are Southern 
Hemisphere birds, one of several dis
parate types of wingless bird that 
evolved on islands and subcontinents be
low the Equator in the absence of four
footed predators . The ranges of penguins 
are by no means restricted to the Antarc
tic; some kinds are of temperate or 
subtropical distribution . Yet there are 
four or five substantially Antarctic types. 
The point is made more forcefully by the 
petrels: here is an avian order as world
wide as salt water, but it has a sizable 
number of exclusively Antarctic forms .  
Ignoring the trifling representation of 
land birds in the outer sub-Antarctic is
lands-including the pipit of South 
Georgia, the southernmost of all terres
trial birds-the typically Antarctic species 
are sea birds and ought to be of as much 
interest to the oceanographer as they 
are to the ornithologist. There are about 

, PERMANEN T PACK ICE . -� WHALES 

• EMPEROR PENGUIN ROOKERIES 

1 AD EllE PENGUIN 

2 SKUA 

3 ANTARCTIC TERN AND PETRELS 

4 WEDDELL SEAL 

5 ROSS AND CRABEATER SEALS 

6 LEOP ARD SEAL 

7 NOTO THENIIFORM FISHES 

which they congregate_ The domain of the 

key crustacean Euphausia superba extends 

from near the coast to the Convergence_ 

time 
. saving 

approach 
to 

dynamic 
systems 
design 

Shaded area on graph sheet ·shows 
unstable portion of log s plane. 

• Solves differential equations by 
ROOT LOCUS plots. 

• Provides BODE phase and gain 
plots from system poles and zeros. 

• Evaluates residues. 

• Synthesizes compensation net
works. 

• Analyzes sampled data systems. 

• Solves non-linear problems involv
ing hysteresis or saturation by the 
describing function technique. 

• Designs process control systems. 

• Factors polynomials. 

• Derives process transfer functions 
from power density spectra. 

• Uses rapid, logical pole-zero pro
gramming. 

A complete complex variable analyzer/plotter that increases design 
productivity more than five fold at a net price less than the yearly 
salary of a design engineer. The ESIAC rapid ly solves generalized 
system equations expressed in the following forms: 

or 
F = -+-Ksno (5 -SI)n1 (5 -52)n2 (5 -53)n3 
F= -+-K5nO (1 -.!..)n1 (1 -.!..)n2 (l-.!..)n3 . • .  

51 5.2 53 
Write on your company letterhead for your copy of "Time and Com

p lexity, " a definitive 26-page brochure on the theory, operation, ad

vantages and typica l problem-solving applications of the ESIAC in 
dynamic systems design. 

Elec1:ro Sc/en1:I"'clndus1:rles 
7524 S.W. Macadam Avenue ' Portland 19, Oregon. Ar.a Code 503,246-3331 
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NEW THINGS 
ARE HAPPENING IN 
NUCLEAR POWER AT 
ALLIS-CHALMERS 

Netherlands 
Reactor 

Goes Full Power! 

Now in full operation, this is 
the latest in a series of research 

and test reactors, for European 

installation, including others 

in Italy and Sweden. They are 

important steps in Europe's 

Euratom program ... and all 

wer e  designed and built by 

Allis-Chalmers. 
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30 species that can be reckoned as Ant
arctic; of these some 15 nest on the 
Antarctic continent itself. This is not a 
large number, but the size of many of 
the populations of each species is ex
ceedingly large. 

The discrepancy between the number 
of species and the number of individuals 

,/,/",,,,, / / I I I I I 

/ ---� 

conforms to the general pattern of life 
in the Antarctic region. It can also be 
correlated with a similar discrepancy 
between breeding space and food re
sources. The supply of food is enormous, 
but suitable nesting places are relative
ly scanty. This leads to great concen
trations of birds in the available terri-
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FOOD CYCLE of the marine animals is based on the krill Euphaasia sltperba. This crusla
cean feeds on diatoms: microscopic marine p lants that utilize the energy of the sun (short 
arrows) to transform nutrients in the water into living tissue. The krill is in turn the food 

of whales, penguins and other birds, the crabeater seal, squids and fishes. In addition to this 

basic cycle there i s  predation by seals, penguins and large fishes on squids and small fishes; 
leopard seal preys on penguins and other seals and the skua eats penguin eggs and chicks. 
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NEW HOPE FOR UNDER·DEVELOPED NATIONS RESULTING FROM BASIC SPACE RESEARCH 
Lunar and space missions such as Proj
ect Apollo seldom seem, in their far-out 
glamour role, to be closely related to 
that great fundamental ... mankind. Yet 
one single aspect of the Apollo program 
-fuel cells-holds a vast amount of 
hope. Especially for under-developed 
nations. 

Often referred to as "continuous bat
teries," fuel cells convert chemical energy 
directly to electrical. They are the newest 
power sources to emerge from scientific 
research into the realm of practical en
gines. The specific cell system aboard 
Apollo will be a Hydrox® unit, reacting 
hydrogen and oxygen, and is the result 
of research at Leesona Moos Labora
tories, one of the first in America to 
undertake studies on fuel cells. Hydrox 
will supply electrical power for vehicle 
control, communications, and numer
ous other power needs aboard this lunar 
mission. Marking the first such use of 
these new power sources, the Hydrox 
installation will inaugurate a new age 
in the generation of electrical power. 
Final engineering and manufacture of 
the units for Project Apollo will be 
carried out by Pratt & Whitney Division 
of United Aircraft, under license from 
Leesona Corporation. 

But space missions are only the first 
part of the story. At the same point in 
time that Leesona Moos began studies of 
Hydrox fuel cells, a concomitant project 
was undertaken to develop an even more 
advanced system ... a cell using air as 
oxidant and inexpensive hydrocarbons 

or their derivatives as fuels. These hy
drocarbon-air (Carbox®) and mixed
gas/ air (Aminox™ ) developments of 
Leesona Moos do not require reactants 
of high purity, and are very flexible 
from a logistics point of view. Low cost 
and readily available fuels are used,_ and 
the universal oxidizer-air-supplies the 
other portion of the reaction mix. Be
cause the fuel cell is an extremely effi
cient engine-efficiencies of up to 70% 
are attainable, vs. 30% for a conventional 
diesel-the result is an exciting new 
means of generating electrical power at 
low operating expenditure. Pratt & 
Whitney Aircraft in the United States, 
and Energy Conversion Ltd., * of Eng
land, are carrying out further develop
mental engineering on these systems 
under license from the Leesona Corpo
ration. 

These new Leesona power sources, of 
high efficiency and low fuel costs, can 
readily be seen to provide the world 
with an entirely new type of electric 
generator. Fuels of the hydrocarbon 
variety are fairly abundant throughout 
the world. The fuel cell, though scienti
fically sophisticated, is neither unwieldy 
nor complex in its operation, and re
quires little maintenance. Units with 
power levels from those required for a 
one-family dwelling up to communal or 
industrial ground-power stations have 
been projected in Leesona Moos studies, 
and found feasible. 

The impact Carbox and Aminox can 
have on the emerging countries is 

readily understandable. The develop
ment of a nation can almost be measured 
by its ability to produce and consume 
electrical power. In this mechanized 
world, virtually all industry waits on 
the availability of electricity. If an emer
gent economy must hold off its develop
ment until completion of large-scale 
hydroelectric projects, a distinct problem 
of time and expenditures arises. If, on 
the other hand, the nation had access 
to Carbox and Aminox type fuel cell 
systems, which could be tailored to the 
need and would operate on locally 
available fuels, the basic first step to
ward an industrialized econoiny and 
higher living standards would be 
achieved. 

Leesona believes its efforts, plus the 
great additive capabilities of our United 
States and international partners, will 
soon result in working installations of 
the Carbox and Aminox systems to ad
vance the standards of all mankind. 
Meanwhile, the sibling Hydrox system 
supplies power for a moon voyage. And 
research continues. 

---+---

*Energy Convel'sion, Ltd., is a new 
corporation founded by four British 
companies: National Research and De
velopment Corporation; British Pet1'O
leum Company, Ltd.; British Ropes, 
Ltd., leading manufacturer of rope and 
steel cable; and Guest, Keen, and N ettle
folds Group, major steel manufactul'el's. 

•· 1 . LEESONA MOOS LABORATORIES 
II A Division of Leesona COl'poration • 90-28 Van Wyck Expressway. Jamaica 18, New York. AXtel 7-4400 
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tory ashore as well as to an interesting 
multiple use of the territory. Giant pet
rels, for example, are to be seen nesting 
on open Bat surfaces, with smaller bur
rowing petrels in the ground around 
and beneath them, storm petrels in the 
intervening hummocks of lichens or 
mosses and still other birds occupying 
adjacent ledges and rocky niches or rock 
piles at the foot of talus slopes. 

Prominent among the members of 
certain communities is the sheathbill 
(Chionis) , an aberrant relative of the 
snipes, which is a shore bird in heritage 
but a sea bird in habitus. I have motion 
pictures of the sheathbill showing that it 
excretes drops of brine through its nos
trils, a faculty supposedly reserved to 
"sea birds" and dependent on special salt 

4tJ,� \ . 1 
8� 

.8 

glands in their nostrils. The sheathbi11 is 
the only bird without webbed toes that 
breeds in the Antarctic. As a scavenger 
and a hanger-on around the breeding 
sites of penguins, petrels and cormorants, 
it gets its food from the sea but, so to 
speak, secondhand. The same is true of 
the Antarctic skua, a relative of the gulls, 
which preys on the eggs and chicks of 
penguins .  Since the International Geo
physical Year the skua has been accom
modating itself increasingly to leavings 
found around scientific stations . 

I n climatic conditioning and adapta-
tion there are, of course, degrees of 

"Antarcticity" among the Antarctic 
birds. The wandering albatross is Ant
arctic in the sense that it nests on islands 

south of the Convergence, but only one 
member of its family, the light-mantled 
sooty albatross, penetrates deeply into 
the Antarctic Zone. Among penguins, 
the emperor and the Ad6lie breed on the 
shores of the Antarctic continent, where
as the chin-strap, gentoo and macaroni 
penguins occupy outer but still Antarctic 
belts. The emperor penguin is beyond 
doubt the most polar of all birds. Its 
range extends no farther south than that 
of the Ad6lie and less so than that of the 
snow petrel. But its imperial title is 
clinched by the fact that it breeds in the 
midwinter dark on the fast ice of the 
continent, carrying and incubating its 
single egg on top of its feet. By this 
regime, unique among all birds, the em
peror incidentally escapes the preda-

SIMPLIFIED FOOD CHAIN shows how each step in the process 

involves a "diminishing return." That is, it takes 100 units of 

phytoplankton, such as diatoms, to grow 10 units of krill, which in 

turn is enough to grow only one unit of its predator, the whale. 
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ANOTHER IN 
A SERIES ... 
DEPTH MANAGEMENT 
IN ACTION 

f 

BIGGER .JOBS FOR A PAIR OF ACES 
R. E. Galer and Chance Vought's Crusader. A new two-place 

version of the Crusader is the Navy's first supersonic, carrier

capable trainer with provisions for schooling pilots in the use 

of guns, rockets, bombs and guided missiles. The FBU-2NE

latest in the Crusader tactical series - can handle the largest 

enemy bomber, any time, in any kind of weather, and recently 

added striking power now gives the 2NE attack capability. 

Fighter for fighter, the Crusader has logged more flight time 

than any other lOOO-mph aircraft in U. S. service. Its basic 

design furnished the reliability and flexibility which permitted 

boosted performance at minimum cost in each successive 

model, and these same features give the Crusader great po-

LIN G - "T E fVf C a - va UGH"T, 

tential as a solution to tomorrow's problems. Chief of the 

Crusader program for LTV is R. E. Galer, Vice President and 

General Manager of Chance Vought's Aeronautics and Missiles 

Division. A pilot who fought in World War" and Korea, retired 

Marine General Bob Galer shot down 11 enemy aircraft in 29 

days, earning 20 decorations including the Congressional Medal 

of Honor. Before joining LTV, he helped conceive the Polaris 

Missile concept and what now is the Pacific Missile Range. By 

combining this caliber of management in depth with proved 

technical competence in aerospace, communications, elec

tronics and consumer products, LTV is furthering U. S. progress, 

security and well-being. 
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NEW THINGS 
ARE HAPPENING IN 
NUCLEAR POWER AT 

ALLIS-CHALMERS 

First Power 
Reactor for 
America's 
Dairyland! 

The Ato m i c  Energy C ommis

s i on ha s na med Allis:Chalmers 

to design a n d  bu i l d  W i sconsin's 

f irst power rea ctor - a 50,000-

k i l owatt pla nt ca pa ble of serv

ing the e l ectrica l needs of a 

co m mun i ty of 75,000 people. 

Al l i s-Cha l m ers will a lso trai n 

opera t i n g perso n n e l  for this 
new nuclear i nstallation. 
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tion of the skua, which winters 011 the 
northward oceans. 

The 11 petrels that breed in the Ant
arctic Zone represent 1 1  different gen
era, which in hlrn include every natural 
subdivision of the order, from great 
albatrosses to tiny storm petrels. The 
zonal ties of these birds, however, van' 
widely. Only the snow petrel (Pago
dl'Oma) is unequivocally restricted to 
Antarctica. Other species nest there but 
may migrate to milder zones or even 
beyond to the tropics. Such diversity 
has obvious evolutionary significance: 
the species that make the farthest sea
sonal departures, Wilson's petrel for in
stance, have temperate and subtropical 
relatives. The more exclusively Antan;tic 
petrels belong to the group known as the 
fulmars, which in both north and south 
polar regions are associated with water 
of minimum temperature . 

For food both the endemic forms and 
the seasonal invaders prey primarily on 
krill, squids and a scattering of other 
invertebrates; the snow petrel, however, 
regularly captures many small surface 
fish in the pack ice. Although the rigor
ous environment exacts a high egg and 
chick mortality among all of these birds, 
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adult viability seems to be exceptionally 
favorable. Hecoveries made after inter
vals of one or two years have many times 
shown banded pe trels still linked with 
their former mates and nest sites. The 
hazards of predators, such as the skua, 
and the severe physical milieu are alike 
weighted heavily against immature 
stages of all Antarctic species. But a 
single egg, produced only once a year, 
is sufficient to maintain populations es
timated to be among the largest in the 
class Aves. 

Of the three Antarctic terns, one 
(Sterna virgata) barely merits the des
ignation, having a limited range on is
lands south of the Indian Ocean. The 
second, the Antarctic tern (Sterna vi
tata) , is truly Antarctic, nesting on many 
islands in the circumpolar ring and even 
on parts of the continent; it is a coastal 
and relatively landbound bird . The third 
is the Arctic tern (Sterna paradisea), 
which migrates southward when winter 
approaches in the high Northern Hemi
sphere latitudes and probably enjoys 
more annual daylight than any other 
animal. During the Antarctic summer 
it waxes fat on krill in the pack ice. 

The occurrence of four endemic spe-

, ' 

� 1 

TROPICAL 
PACIFIC 

SUBTROPICAL TEMPERATE SOUTH NORTH 
PACIFIC PACIFIC BERING SEA BERING SEA 

TEMPERATURE DEPENDENCE of species and numbers is  illustrated by this thart based 
on a study by A. K. Brodskij of Culanus, a crustacean, in the Northern Hemispbere. As the 

water becomes colder the number of species found in the upper 50 meters decreases (gray 
bars), but the number of individuals in a given volume intreases (colored bars). 
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Garrett·AiResearch is completing develop· 
ment work on closed cycle nitrogen, helium 
and neon systems using a tiny turboexpander 
in place of a piston expander. 

This promises to dramatically increase 
system reliability and service life because all 
wearing surfaces, valves and troublesome 
reciprocating loads have been eliminated. 

These compact, lightweight systems for 
masers, parametric amplifiers, IR cell cool· 
ing and computer components are ideally 
suited to commercial applications as well as 
military ground and aerospace uses. 

AiResearch was first in production with 
an open cycle IR cooling system, and has 
already produced a closed cycle nitrogen 
system. The company is now working on 
military programs for 300K and 4.2°K 
closed cycle systems. 

Utilizing its experience as a world leader 
in lightweight turbomachinery and cryo· 
genic cooling, AiResearch is also developing 
an all·turbomachinery closed cycle system 
incorporating a turbocompressor as well as 
turboexpander. 

Your inquiries are invited. 

AIRESEARCH MANUFACTURING DIVISIONS. Los Angeles 45, California· Phoenix, Arizona 

Systems and Components for: 

Aircraft, Missile, Spacecraft, Electronic, Nuclear and Industrial Applications 
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cies of seal again suggests the isolation 
of the Antarctic through a prolonged 
period of evolutionary history. The Ant
arctic seals appear to be genetically re
mote from the northern seals and still 
more so from their neighbors just beyond 
the Convergence: the southern fur seals 
and sea lions. All four of the typically 
Antarctic seals belong to the family 
(Phocidae ) of the common harbor seal. 
All the species have undergone the 
same evolutionary divergence commit
ting them more completely to life in 
the sea, a divergence that is beautifully 
expressed in both structure and function . 
They cannot "gallop" on all fours when 
ashore; their hind limbs, their principal 
means of propulsion while swimming, 
are trailed when they are out of water, 
forming merely a tail end to the body. In 
forward movement on land or ice, how
ever, the hitching of the forelimbs is aug-

men ted by eellike sinuations. One of the 
species, the leopard seal, even manages 
to wriggle along on a flat surface with 
its foreflippers appressed against its 
sides.  All the species, incidentally, mate 
in the water. 

As oceanic rather than land animals, 
the Antarctic seals are circumpolar in 
distribution. But their ecological niches 
are so distinct that they completely 
escape interspecific competition. Only 
one of them, the crabeater seal, has a 
relatively large population. The rarest, 
the Ross seal, may total fewer than 
50,000 animals . 

The first seal to be expected on a 
southward voyage would be the leopard 
seal, named for its color pattern, its 
ferocity or both . This animal is a solitary, 
large-headed predator, its jaws armed 
behind the sharp canines with rows of 
magnificent tridentated teeth . It also 

has anatomical specializations for swal
lowing large gobbets of food, one of 
these being a flat, ribbon-like windpipe 
that takes up no room in its throat except 
when the animal is actually drawing 
breath. Primarily a devourer of penguins 
(I  have taken 160 pounds of penguin 
remains from the stomach of a female 
leopard seal on South Georgia ) ,  the 
leopard seal has also been seen dismem
bering the young of other seals . It is 
chiefly an inhabitant of the outer pack 
ice but it follows the migratory Adelie 
penguins down to the ice foot of the 
continental coast . Females, larger than 
males, attain a length of about 13  feet. 

Next on a southerly course would be 
the crabeater, more properly the krill
eater, seal. The bulk of its food is the 
same reddish euphausian that is the 
mainstay of Antarctic whales and birds. 
Its cheek teeth are imitation baleen : the 

ADELlE PENGUINS congregate in  large rookeries at the begin. 
ning of the Antarctic summer, hatch their eggs in December and 

remain ashore until the young can swim, in February . Then the 

AdeIies move out to feed in the pack ice as  the emperors come south. 
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New buoyant material 
aids exploration of deep sea areas! 

A u n i q u e  p rocess, developed by General  Motors Defense Resea rch 
La borator ies, encases m icroscopic bubbles in an epoxy res i n  to 
form an i nert, p laster- l i ke substa nce. Th is  l i ghtweight material  
has h igh compressive strength .  

. 

A va r iety of economica l ,  rel i ab le  buoyant  sha pes have success
fu l ly  passed tests to ocean depths of 5,000 feet. They have sur
vived test-chamber tr ia ls  of even greater depths and  p ressu res. 
The mater ia l  weighs 40. l l bs.  per cub ic  foot-a bout 2/3 as much 
as sea water. Yet  th is  buoya nt mater ia l  i s  i nert ,  ca n be cut ,  sawed , 
turned on a lathe,  cast or assembled l i ke b u i l d i ng b locks to any  
sha pe. Further refi nements a n d  add i t iona l  app l ications a re 

. expected to resu lt  from exper iments now i n  p rogress at GM/DRL. 

· THREE NEW DEFENSE RESEARCH LABORATORIES PROJECTS : 
1. H Y PER·VELOC ITY L IGHT GAS G U N  to probe problems of navigation and  com· 

munications i n  space . . .  incl u d i ng the "ionized sheath" enveloping projecti les 
at speeds of 30,000 feet per second and  more. 

2. DEEP·SEA RESEARCH SH I P  to explore the u n known beneath the surface of the 
sea . • .  with particular attention to acoustical detection and  tracking. 

3. M O B I  LlTY RESEARCH LABORATORY to i nvestigate terrestria l  soi ls  and vehicles 
as well as clues to the nature of lunar soi l  and  possible moon· roving vehicles. 

DEFENSE RESEARCH LABORATOR IES 
G E N E RAL M OTO RS D E F E N S E  R ESEARCH LA BORATO R I ES • SANTA BA R BA RA.  CALI FO R N I A  
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NEW THIN GS 
ARE HA PPENING IN 
NUCLEAR PO WER A T  

ALLIS-CHALMERS 

Portable 
Nuclear Power 
for Antarctica ! 

D e s i g n e d  to be s h i p p e d  by a i r, 
t h i s  c o m pact rea ctor  w i l l  s u p p ly 

b o t h  h e a t  a n d  e l ectr i c i ty fo r 
i m po rta nt  s c i e n t i f i c  s t u d i e s  i n  

the A n ta rc t i c .  I t  w i l l  b e  b u i lt 

by A l l i s- C h a l m e rs a n d  i n sta l l e d  

at the  Byrd Sta t i o n ,  a n  i n l a n d  

ba s e  o p e ra t e d  b y  t h e  U n ited 

Sta tes Navy. 
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ADELlE PARENT shelters its chick beneath its warm body. Adelies prefer to  build pebble 
nests on exposed or lightly snow·covered ground. Emperors incubate and hatch eggs on ice.  

cusps interlock, forming a strainer func
tioning like that in the mouth of a whale
bone whale . It  can leap out of water like 
a penguin and it has a long conical head. 
Often met in big groups in the ice floes 
and usually reluctant to be stampeded 
from its basking place, the crabeater is 
the pack ice seal. Strangely, however, 
numerous bodies of crabeater seals have 
been found high up in the dry valleys on 
the continent of Antarctica, mummified 
by freezing and desiccation . Carbon-14  
dating has  recently shown some such ex
amples to be more than 2,000 years old. 
A recent report by John H. Dearborn of 

Stanford University supports the opinion 
long held by George A.  Llano, the author 
of the following article, that such car
casses chiefly represent young seals that 
had remained too late in autumn on the 
surface of the ice . When the leads froze 
over, they had no choice but to scatter 
aimlessly, gradually losing weight and 
starving . Those that died on the fast ice 
were rafted out to sea at the spring 
breakup ; those that wandered inland 
left the famous and formerly puzzling 
mummies . 

The Ross, or singing, seal ( Ommato
phoca 1"Ossi ) ,  named in honor of the Ant-
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News from Allied Chemical : 

JVow they're building with chemicals 

You see many references these days to 
chemical "building blocks." Rearrang
ing molecules to create new materials 
is basic to modern chemistry. But did 
you know that construction materials 
are being made of chemicals ? Let's 
look at two examples from our Barrett 
Division, leader in chemically based 
building products : 

Vinyl bnilding panels. These new 
polyvinyl chloride panels offer far 
more than the usual advantages of plas
tics ( lightness, translucency, built-in 
color ) . First, they're rated as non
combustible. They've been given a fire
hazard classification, flame-spread rat
ing of 25 by Underwriters' Labora
tories, Inc., tunnel test. This makes 
them the first plastic structural build
ing material to achieve a flame-spread 
rating that will permit virtually unlim
ited use in commercial and industrial 
applications. Second, they can be ex
truded in any length, and they have 
the flexibility to adapt to curves or un
usual designs. Third, they're homoge
neous-contain no fibers to block light 
or take in moisture. 

Many uses besides siding and roofing 
are indicated for PVC : vacuum-formed 
shutters, gutters, downspouts, storm 
doors-even piping. Why not write for 
a new technical data folder on Barrett® 
vinyl panels ? 

Urethane insulation. Those familiar 
with the many successes of rigid ure-

thane foam will not be too surprised at 
finding it in the building business. 
Key to its popularity here : low thermal 
conductivity (a "K" factor of only 
0. 15 at 70 °F. ) .  Compared to conven
tional insulating materials, it provides 
at least 50 9"0 greater thermal efficiency. 
It's particularly attractive to those who 
"sell space." A cold-storage operator, 
for instance, recently realized 1 3 9"0 
more space by using urethane instead 
of glass fiber. Added plus : Urethane 
does not absorb insulation-breaking 
moisture, and can be applied directly 
with hot pitch or asphalt. 

Barrett® urethane foam makes an ex
cellent i n s ulator for flat industrial 
roofs, too. Sandwiched between two 
asphalt roofing sheets, it becomes an 
easily applied, effective roof insulation 
that is ideal for electrically heated and 
air-conditioned buildings. A free cal
culator is available with which you can 
gauge your insulation needs. Write us 
for it. 

Three Allied divisions make maj or in
gredients for urethane foam : Naccon
ate® diisocyanates come from National 
Aniline, Actol® poly ethers from Solvay 
Process, and Genetron® blowing agents 
from General Chemical. 

Foam in the home. Chemicals can 
do a pretty extensive "furnishing" j ob, 
too. Urethane foam, in flexible form, 
will furnish a home with the most com
fortable mattresses, pillows, and furni-

ture cushioning imaginable. Makes 
fine, resilient carpet underlays, too.  

Plastics in the home ? Just ask our 
Plastics Division people. They make 
melamine for table tops, polyester for 
wall panels and chairs, polyethylene 
for floor polish and washable paint, 
urea for lighting diffusers and switch 
plates. And, of course, more melamine 
for that famous, virtually unbreakable 
dinnerware. 

People who live in glass houses 
shouldn't forget our Solvay Process 
Division. Solvay supplies the soda ash 
used to make window panes-also the 
potassium carbonate used for fine crys
tal and television tubes. Chromic acid 
for c h rome-plated appliances also 
comes from Solvay. 

Chemicals build business. Yes in
deed, many building and furnishing 
products today start with Allied Chem
ical. How about yours ? Chances are, 
one or more of our 3,000 diversified 
chemicals can build business for you. 
Find out how by writing : Allied Chem
ical  C o rp o ration,  Dept .  SA9,  6 1  
Broadway, New York 6 ,  N .  Y. 

B A S I C  TO A M E RICA'S P R O G R E S S  
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NEW THINGS 
ARE HAPPENING IN 
NUCLEAR PO WER A T  , 
ALLIS-CHALMERS ' 

South Africa's 
First Reactor 

Ready to ship ! 

Soon to be on the h igh seas 
bo u n d  for Preto ria,  th i s  new 
rea ctor wi l l  serve in a resea rch 
and test fa c i l i ty n ow u n d e r  co n
st r u c t i o n  i n  t h e  Rep u b l ic of 
So uth Afri ca . I t  wi l l  be a n other 

l i n k  in the world-w i d e  c ha i n  of 
n u c l ea r reacto rs des igned a n d  
bu i l t by A l l i s-Cha l m e rs.  
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arctic explorer James Clark Ross, is the 
rarest and least known of the Antarctic 
species. It is a creature of dense and tight 
pack ice and has almost never been found 
anywhere else. The smallest of the sev
eral south polar seals, attaining a length 
of about eight feet, it has a stout, turtle-

necked appearance and its short head 
can be drawn backward more or less 
within the skin folds. Only a few score 
Ross seals have ever been observed and 
little has been learned directly about 
their life history. But the exceptionally 
large eye, the heavy, pressure-resistant  

LEOPARD SEAL, a voracious enemy of penguins, cruises in the  water near an ice  floe  
(top picture) . Adelies escape (bottom picture ) by propelling themselves out of  the  water to  
the  ice, where the  sea l  cannot overtake them. Adelies can  shoot as  high  as  seven feet. 
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NEW XRD·6 
BY GENERAL ELECTRIC 

New power . . .  new flexibility . . .  new functional efficiency 
X-ray analysis makes a major advance with the in
troduction of this new XRD-6 diffraction and emis
sion equipment - designed and developed by Gen
eral Electric. Everything new about the XRD-6 
can be translated into terms of new capabilities 
and greater utilization for the laboratory and the 
production line. 
X R D-6 D EV E LO P S  M O R E  POWER.  With a maximum 
total output of 75 kvp at 50 rna, or 3 7 lh  kvp at 100 
rna, you can expect greater versatility in the kind 
of materials you can analyze and in the kind of 
analyses you can perform. 
X R D-6 P R O D U C E S  G R EATE R  FLEX I B I L ITY. A higher in
tensity of x-rays gives you a correspondingly high 
speed of measurement, shorter studies over a broad 
operating range and with greater efficiency. The 
spectrogoniometer provides a stable, accurate base 
for holding and measuring a wide variety of sam
ples. Angles are measured with a precision of .002 ° .  
Sample holders, spectrometers, and cameras match 
this accuracy and add a versatility that accommo-

dates a broad range of applications. 
X R D-6 G IV E S  Y O U  TR U E  F U N CT I O NA L  E F F I C I E N CY. This 
system features a functional design that puts precise 
information conveniently at your fingertips. Phy
sical design and human engineering result in max
imum comfort at the controls, as well as easy 
internal access and a new, high degree of utilization 
for any application. 

Contact your General E lectric 
representative for more informa
tion on XRD-6. Or, for your 
copy of the new catalog on dif
frac::tion and emission, write di
rectly, to X-Ray Department 
Room TT-94, General Electric 
Company, Milwaukee 1, Wiscon
sin. Ask for Pub. 7 A-3912. 

Progress Is Ovr Most Imporfanf Protlvd 

G E N  E R A L . E L E C T R I C  
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NE W THIN GS 
A RE HA PPENING IN 
NUCLEA R  PO WER A T  

A LLIS-CHA LMERS 

Advanced 
Concepts . . .  

Aimed at 
Cutting Costs! 

N u c l ea r  f u e l  re p rocess i n g  

n u c l e a r  s u p e r h e a t  . . .  fa st-

b re e d e r  r e a c t o r s  . . .  t h e y ' re 

a l l  p a rt of o u r  r e s e a r c h  a n d 

d e ve l o p m e nt i n  t h i s  v ita l f i e l d .  

C o n sta n t  eva l u a t i o n  a n d  test i n g  

a re i nvo l ved , u s i ng h igh ly s pe

c i a l i zed la bo ratory a n d exte n

s i ve co m p u t e r  f a c i l i t i es .  O ut

sta n d i n g m i n d s a re l e a d i n g  

t h e  wo rk,  speed i ng the d a y  of 

d e p e n d a b l e  n u c l e a r  powe r a t  

low cost.  
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SKUA, called the  eagle of the  Antarctic, screams across a penguin rookery in search of stray 

chicks. Skuas start to breed in the Antarctic just as the Adelie chicks are being hatched. 

construction of neck and thorax, the 
great size of both fore and hind flippers, 
and the reduction of the dentition to a 
series of curved, delicate and extremely 
sharp spikes enable one to surmise that 
it is a deep diver for the squids on which 
it  mainly subsists .  Squids, by the way, 
are the most numerous of all higher in
vertebrates in the ocean and several 
species are known only through ex
amples recovered from the stomachs of 
sperm whales or seals . 

The most polar seal of all is the Wed
dell seal, a denizen of the fast ice all 
around the continent. It i s  nonmigratory, 
remaining at high latitudes, except for 
stragglers, throughout the winter n ight.  
Its food consists of fish, together with 
squids and bottom invertebrates, which 
it  must capture in  the season of complete 
darkness as well as in the summer dav
l ight .  Edward Wilson, who died with 
Scott on the return from the South Pole, 
aptly matched the habits of the Weddell 
seal with those of the emperor penguin,  
whereas the crabeater could be l ikened 
to the Adelie penguin .  

The canine and caniniform incisor 

teeth of this seal function as an extreme
ly efficient saw for cutting through thick 
and flinty ice. It  swings its head in a 
semicircle and splinters and pulverizes 
the ice below its snout. The water tem
perature in winter, only a degree or two 
below the freezing point of fresh water, 
i s  much higher than that of the atmos
phere . The Weddell seals are able to 
keep "warm," therefore, by remaining 
submerged throughout much of the 
colder season . Their snorts and calls can 
be heard through the ice from air-filled 
chambers kept open with their circular 
saws. In common with most other seals 
they carry their unborn pups to a late 
stage of development; weaning and in
dependence come at an earlier age than 
they do for most large mammals . The 
pups first enter the water when they are 
only about three weeks old. 

Recently Carl R. Eklund of the Polar 
Branch of the Army Research Office and 
Earl L .  Atwood, Jr . , of the U . S .  Fish and 
Wildlife Service have applied the tech
nique of visual sampling and statistical 
analysis in  an effort to es timate the 
populations of three of the Antarctic 
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T h e  t h i n g s  that g o  o n  
i ns i d e  o u r  p i p e !  ? 

I? � 
�� 

Bees, [or example. They go in and out o[ 
indoor hives through glass pipe. 

Gas · waves, [or another. Physicists 
launch waves at Mach 80 [rom opposite 
ends of a section of pipe, then photograph 
the collision .  

Light, for still another. Those in charge 
of large vehicular tunnels know that their 
fluorescent lighting tubes hold up better 
when protected by glass pipe. 

Our customers in processing send such 
disparate things as acids, whole cherries, 
mustard , or vinegar through glass pipe. 

Dairy farmers find it  very useful in 
their barns to pipe milk directly [rom 
their cows to a bulk tank. 

By now we trust you are aware that we 
make glass pipe-in lengths up to 10 feet 
and diameters up to six inches, plus glass 
elbows, " U' s" ,  and other whatnots that 
permit a pipe to vault over, dive under, 
or sneak around obstructions. 

Some things don' t go on inside our pipe 
- things like corrosion and scale build-up 
- because it's PYREX® pipe. 

Next time you're pondering how to get 
something or some things from one place 
to another via a transparent route that' s 
as permanent and as maintenance-free as 
anything in this world , ponder on PYREX 
pipe. 

• • • • 

11 11 

� 
• • • 

W h at s h ape i s  red ?  
Now you can name it- the shape and the 
shade- in red or any other color. Vile can 
give it to you in our new CLEARFORM® 
color fil tel's. 

People in the switching and instru
mentation industries are calling this a 
major breakthrough. So are we. Here' s 
why : 

With our multiform pressing technique,  
we can make CLEARFORM filters domed, 
flat, circular, square , or almost any shape, 
and to tolerances of ± . 0 1 0 /1 in many cases. 

They stay that shape because we make 
them of low-expansion borosilicate glasses . 

They stay the color we make them 

because the glass isn' t affected by calories 
or calendars . We can meet M I L-C-2S0S0 
color specs, or your specs. 

CLEARFORM color filters give uniform 
brightness, no matter how you look at 
them.They obscure the light source, trans
mit the light evenly at all viewing angles. 

If color perception and identification 
are important to you or your customers, 
look into this new and better and advan
tageously priced answer in glass . 

H ow to cut  next to n oth i n g  
i nto a tri a n g l e  
O r  a parallelogram . O r  a rectangle. Or 
a square . 

The next to nothing is our Microsheet, 
which we can m�ke so it budges your 
calipers a mere .0022/1 .  

Now we've started carving precision 
shapes out of it .  So far, you can go as big 
6 /1 on the maximum dimension and as 
small as about !i/l on the minimum. 

Microsheet itself has a flawless surface, 
top optical quality, chemical durability, 
and excellent electrical properties. 

You tell us what you might do with all 
these goodies in a thin triangle .  

Corning presents " Opening Night At Lincoln Center)) 
CBS- TV Network-Sunday, September 23, 9 to I I p. m . ,  E.D.  T. 
, - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ,  

CORN I N  
CORN I N G  GLASS WORKS, Industrial Components Dept. 
4909 Crystal St., Corn ing ,  N. Y. 
Please send more information on 

for an a p p l i cation w h i c h  involves 

Name ................ . . ... ............... ..... _ .. _ ..................... . ........................... Title ............................ ............ ... . 

Company ............................................................. ___ ........................................................... ............... . 

Address ................................................ ...... ... _ ............................................. ....................................... . 

City .................................... ................................ . . . . . . . . . ............................. Zone ............ State ........... . 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � 
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• .. ". _ I seals, the leopard, Ross and crabeater .  ships .  Eklund and Atwood tentativelv 
find that Ross seals may make up .8  p�r 
cent of the total population of these 
three Antarctic species, leopard seals 2 .2 
per cent and crab eaters 97 per cent . 
Converted into demographic numbers, 
this would mean about 50,000 Ross 

NEW THINGS 
A RE HAPPENING IN 
NUCLEAR PO WER A T  

ALLIS-CHALMERS 

Major 
Nuclear Plant 
Underway _ _  _ 

Turn -key style! 

C o m p l ete res p o n s i b i l i ty for  t h i s  

66, OOO- k i l owatt p l a n t  a t  S i o ux  

Fa l l s ,  S o u th Da kota , wa s a s

s ig n e d  to A l l i s- C h a l m e rs by a 

gro u p  of m i d western u t i l i t i e s . 

From p l a nt c o n st ruct i o n  to a d 

v a n c e d  c o n c e p ts i n  n u c l ea r  

s u p e r h e a t, i t  i s  o n e  of t h e  most 

s i gn i f i c a n t  tu rn-key jobs i n  the 

e l ec t r i c  powe r i n d u st ry.  
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They conclude that the Ross  seal popu
lation may be larger than hitherto sus
pected. The species clings, however, to 
areas of very dense pack ice, which, be-
fore the advent of modern naval ice
breakers, had never been penetrated by 

FROZEN REMAINS of  large fish were found on the exposed ice of the Ross Ice Shelf in 

1 960. Carbon·14 dating established that the carcasses were about 1,100 years old. Apparently 

the fish had been trapped when ice touched the sea floor. As  the bottom ice melted and the 
top was eroded by wind, the remains slowly worked their way up through 100 feet of  ice. 

LARGE FISH, a Nototheniid 52 inches long and weighing 58 pounds, was caught with the 

aid of  a seal. The men were preparing to pull up a fish trap when a seal burst through a hole 
in the ice holding the fi sh in its mouth. The men, less surprised than the seal, got the fish. 

© 1962 SCIENTIFIC AMERICAN, INC



TESTI NG.  As a pa rt of its job of m a k i n g  te l e p h o ne p rod u cts for the Be l l  Syste m ,  
Weste r n El ectric m u st devise a p p ro p r i ate meth ods for testi n g  the be h a v i o r  of 
mate r i a l s  it uses. For exa m ple,  i n  th e prod u cti o n  of co ntact switc h es, an ex

tre m e l y  accu rate method was needed to dete rm i ne the coeffic ie nt of th e rma l 

expansio n  of t h e  wi re i n  th e g l ass� m eta l sea l .  U n a b l e  to measure d i rect l y  the 
expa nsion of the w i re becau se of  its s m a l l  d ia m eter, Weste rn E l ectr ic e n g i nee rs 
sea led a p i ece of cal i b rated g l ass of k n ow n  expa n s i o n  to the w i re u nd e r  con 
t ro l l ed co n d i ti o n s - so that stresses i n  the g lass resu lted o n l y from t h e  d iffe rence 
in expa n s i o n  betwee n  th e g l ass a n d  w i re - a n d  m easu red the stress in th e g la ss. 
U s i n g  th is u n iq ue test i n g  proced u re , Wester n  E l ectr i c d ete rm i n es the e x p a n �  

s i o n  o f  each n ew batc h o f  wi re. Resu lt:  assu red p rod u ct i o n o f  contact switches 

w i t h  a m i n i m u m  of r ej e c t e d  u n i t s  - p ro v i d i n g h i g h er -q u a l ity s w i t c h e s  

l ow e r  c o st to t h e  l o c a l Be l l  T e l e p h o n e  co m pa n i es . WEST E R N  E L E CT R I C  
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To p rese rve you r  cop ies of SCIENTIFIC I 
AMERICAN 

� A choice of handsome and durable library files-or binders-for your copies of 

SCIENTIFIC A M ERICAN. 

� Both styles bound in dark green library fabric stamped in gold leaf. 

1i Files-and binders-prepacked for sale in pairs only. 

Index for entire year in December issue. ':. 

FILES 
Hold 6 issues in each. 
Single copies easily accessible. 
Price : $ 3 .00 for each pair (U.S.A.  only ) .  
Address your order, enclosing check or 
money order, to : Department 6F 

Hold 6 issues in  each . 
Copies open flat. 
Price : $4.00 for each pair ( U.S.A. only ) .  
Address your order, enclosing check or 
money order, to : Department 68 

New York City residents please add 3% Sales Tax 

':'Supply of back copies of SCIENTIFIC AMERICAN is limited. To replace missing 
copies, mail request with your order for files or binders. 

SCIENTIFIC AMERICAN, 415 Madison Ave., New York 17. N.Y. 

The miniscule Minox is but 3%" 10nlg--WE!iglls 
a mere 3',4 oz. Although It's the world's 
and lightest precision-engineered camera, it has 
most of the i mportant big camera features that 
make it a photogra phic gem : bu ilt-in exposure 
meter; large, bright optical viewfinder; 2 built-in 
filters; F /3.5 Com plan fou r element color-cor
rected lens; focuses 8" to infin ity; all speeds 
to 1 / 1 000 sec.; 50 expo magazine that loads 
in seconds. If you loath e cumbersom e  camera 
equipment, make this your year to own a Minox! 
Write for broch ure. 

Mlnox B with built· In exposure meter, 
chain and leather case. Under $150.00 
M i naI Corporat i o n  � Forest Hills 75, N .  Y. 
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seals, 150,000 leopard seals and betwf'f'n 
five million and eight million crabeaters . 

�though whales range all the oceans 
of the world, the Antarctic is the 

region in which they are found in great
est abundance. It is also the home of a 
few kinds that are restricted or adapted 
to the peculiarly severe environment . 
Today whales constitute the chief com
mercial resource of the Antarctic. Over
fishing has been rampant, in spite o f  
earnest efforts toward international regu
lation . In a single season of the peak 
period, about 1937, more than 45,000 
whales were killed south of the Ant
arctic Convergence . 

Any doubt about the thoroughness of 
modern techniques of exploitation is 
dispelled by figures showing the succes
sive reduction of one species after an
other, beginning with the humpback 
whale. The latter, a relatively small, fat 
and easily handled whale, at  first made 
up nearly 1 00 per cent of the catch . It 
now constitutes less than 2 per cent . 
Today whales are taken on quota and 
during a limited season in "blue whale 
units,"  according to which each of the 
smaller species is assigned a ratio to the 
size of the biggest animal of all . The 
right whale, formerly the most valuable 
of the whalebone whales, has had to be 
given special international protection, 
and harpoon guns, or the still newer and 
more efficient electrocution, now bring 
the other major baleen species-the 
humpback, the sei, the finback and the 
blue-into the hold of the modern whal
ing ship. Female whales accompanied 
by calves are legally protected at all 
times . 

All the species of the genus Balaenop
tera filter crustaceans out of the water 
through their baleen . The sei whale, and 
to a certain extent the finback, also cap
ture good-sized fish. 

The entire lives of the southern whales 
are dominated by the seasonal breeding 
and feeding migrations. It is the pres
ence of the richest of pastures that brings 
tl1ese giant animals to Antarctic wa
ters, where they reach their peak num
bers about February and are at a mini
mum in July and August . The Antarctic 
also nurtures a host of lesser cetaceans 
about which little is yet known . They 
include such baleen species as the little 
piked whale ( Balaenoptera acutol'O
strata ) ,  beaked or toothed whales such 
as Berarditls bairdii, the pygmy right 
whale ( Neobalaena ) and the ferocious 
killer whale ( Gmmplls orca ) ,  the whale 
that is the predator of whales and other 
mammals of the sea. 
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SIGNIFICANT FIGURES: re m e m be r  t h e  b i g  d i ffe rence  betwe e n  0 . 00 1  
a n d  0 . 00 1 0 7  As a p ro d u ct i o n  to l e ra n ce ,  i t  ca n b e  t h e  d i ffe re nce  
betwe e n  a c h i ev i n g  a resea rc h  d re a m  and  fa i l u re .  L u c k i l y ,  t h e re ' s  
a s k i l l e d  watc h d og over  t h ese s ign i f i ca n t  a ffa i rs :  t h e  q u a l i ty 
c o n t r o l  e n g i n e e r .  0 A pass i o n  fo r q u a l i ty  i s  o n e  of  G e n e ra l  
Ca b l e ' s  sec rets , too . To u gh - m i n d e d  q u a l i ty  c o n t ro l  tea m s  m a k e 
s u re o u r  p ro d u cts a re u n i fo r m ,  a n d  m eet o r  exceed eve ry req u i re 
ment .  Resea rc h ,  p ro d u cti o n ,  q u a l i ty c o n t ro l - a  ba l a n ced gro u p  
p ro d u c i n g  t h e  f i n e s t  w i r e s  a n d  c a b l e s  f o r a n y  a p p l i c a t i o n
t h a t ' s  G e n e ra l  C a b l e  C o r p o rat i o n ,  730 T h i rd Ave n u e ,  N .  Y .  1 7 .  
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GREEN ICE ALGA, one of the most common plants of Antarctica, 

is usually found on damp rocks. Here it is  growing in clear ice. 

YELLOW CRUSTACEOUS LICHEN (Xanthoria) grows near bird 

rookeries, forming bright patches on the nitro gen.enriched rocks. 

GRASS Deschampsia is one of three flowering plants on the conti· 

nent. Deschampsia grows only along the Anta rctic Peninsula coast. 

-

RED SNOW ALGA gives a rosy tint to the snow fields above 

Wilke s Station. It grows only near open water and in melting snow. 

ORANGE CRUSTACEOUS LICHEN (Caloplaca) also grows near 

bird rookeries. The growing edge forms arcs on the rock surface. 

BLUE·GREEN ALGA grows in spaced, bushlike clumps on sterile 

ground. Plant was photographed at Gneiss Point in Victoria Land. 
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The Terrestrial Life of the Antarctic 
It lS as poor as the oceanlC life lS rich. There are no terrestrial 

vertebrates and only three flowering plants. The fauna is made up 

of tiny invertebrates; the flora, of such prilnitive plants as lichens 

The continent of Antarctica occu
pies most of the earth's surface en
closed within the Antarctic Circle. 

The corresponding portion of the Arctic 
is largely covered by water. Yet the Ant
arctic has far less to offer by way of 
terrestrial life, either plant or animal, 
than does the Arctic. The "friendly Arc
tic," as the explorer and anthropologist 
Vilhjalmur Stefansson called it, harbors 
more than 100 species of flowering 
plants, an abundance of lichens and 
mosses, a great variety of insects and 
land birds, and such terrestrial mammals 
as lemmings, hares, foxes, wolves, bears, 
caribou and musk oxen. Antarctica nur
tures only three flowering plants and not 
a single land vertebrate. The penguins, 
sea birds and seals that come ashore on 
Antarctica must all be regarded as ani
mals of the ocean, because that is where 
they find their food [see "The Oceanic 
Life of the Antarctic," by Robert Cush
man M urphy, page 186]. The humble 
community of landbound life is closely 
dependent on the bounty of the sea. The 
principal source of nutrients for the 
algae, mosses and lichens that make up 
the vegetation of Antarctica is the ex
creta of birds that feed in the seas and 
nest on the land. On this vegetation feed 
springtails and certain mites. Here the 
food chain ends; there is no evidence 
that these lowly invertebrates are eaten 
by other organisms. 

The terrestrial life of the Antarctic 
holds interest precisely because of its 
paucity and the simplicity of its life 
cycles. There are many questions to be 
answered about how living organisms 
manage to survive in this region at all. 
Both plants and animals subsist on a 
minimum of resources. They suspend 
their life processes, including the process 
of development, through the long pe
riods when conditions are unfavorable, 

by George A. Llano 

and they retain the capacity to revive 
and even to flourish in the fleeting pe
riods when conditions become propi
tious. In the rigorous economy of the 
food chain, the Antarctic community 
presents a model for study of the inter
dependence of living forms that ties to
gether every biological community. A 
full understanding of this remote prov
ince of life can only come with knowl
edge of the origin and relations and the 
past and present distribution of the ex
isting organisms. Such investigation is 
bound to clarify the history of the con
tinent through geologic time. 

The first reason for the biological pov-
erty of Antarctica is obvious. With 

the exception of the exposed peaks of 
mountain chains and some patches of 
bare ground near the coasts-in all, 3,000 
square miles out of 5.5 million square 
miles-the land is completely and solidly 
encased in hard-packed snow and blue 
glacier ice. Elsewhere in the world some 
interchange of terrestrial plants and ani
mals is carried on between continents by 
winds and ocean currents. Antarctica is 
largely excluded from this traffic because 
it is isolated by great masses of pack ice, 
fast ice and shelf ice, which persist 
throughout the year, and by the wide 
surrounding belt of deep, cold ocean. 
The winter temperatures on the con
tinent are, of course, the coldest on earth. 
But even at the height of the Antarctic 
summer the ambient temperature at the 
most favorable localities still hovers 
around the freezing point. An even more 
severely limiting condition than the cold 
is drought-Antarctica is a desert. The 
region of heaviest precipitation, the Ant
arctic Peninsula, receives only 20 inches 
a year; the figure is much lower in other 
regions. Except on the peninsula, all the 
precipitation is in the form of snow; it 

is available to plant growth only when it 
is converted to the liquid state, and then 
it  is subject to evaporation by the strong, 
dry winds. 

It is clear, therefore, that the terres
trial environment of Antarctica is singu
larly unsuited for the growth of vegeta
tion. Since plants, directly or indirectly, 
furnish the primary basis of animal life, 
the Antarctic fauna is correspondingly 
impoverished. Antarctica is the only con
tinent that lies wholly outside the limit 
of the growth of trees. The tree line in 
the Southern Hemisphere terminates at 
about the 54th latitude, along the north 
shore of the Beagle Channel of Tierra 
del Fuego, some 700 miles north of 
the farthest northward extension of the 
Antarctic Peninsula. The only three flow
ering plants, the herb Calabanthus cras
sifalius D'Urville and two species of the 
grass Deschampsia (D. parv-ula and 
D. elegantula), are relatively recent in
vaders. They have gained a foothold 
only along the west coast of the penin
sula from Hope Bay southward to 
Anvers Island, at the 64th latitude, 
which can be taken as the "flowering
plant line" of the Southern Hemisphere. 
At no locality within this range is any 
of these plants abundant. Compared 
with specimens seen on the Antarctic 
islands, the continental plants are 
stunted and rarely found in flower. The 
Deschampsia grasses grow throughout 
the sub-Antarctic, but their appearance 
in the South Shetland and South Sand
wich islands has been attributed to the 
wide-ranging activities of the early 19th
century sealers who ravaged the rook
eries of the fur seals on these islands. 

The local topography, no less than 
general climatic conditions, has in

fluenced the evolution and distribution 
of living things in the Antarctic. It is 
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the peculiarity of physical relief that 
brings a mountain peak above the ice 
and frees a slope or valley of permanent 
ice and snow cover. M ost of the open 
terrain appears in the Antarctic Pen
insula, in the system of dry valleys of 
Victoria Land near McMurdo Sound 
and in the "oases" o n  the Antarctic 
coast facing the Indian Ocean.  

As the presence of the Rowering plants 
suggests, the Antarctic Peninsula offers 
a climate less hostile to life. The terrain 
here is no better than it is in the rest of 
the continent ;  more than three-quarters 
of the region is overlain with snowdrift 
slabs and highland and glacier ice, 
wh ich, on the east coast, joins with the 
shelf ice along almost the entire front 
facing the Weddell Sea . Even o n  the 
west coast, in spite of the prevailing 
westerly wind and ocean current, the 
total extent of shelf ice is considerable. 
Nonetheless there is water to encourage 
the growth of plants. On the outer tip 
of the peninsula, north of the 66th lati
tude, it rains and drizzles in most months 
of the year. Farther south the vegetation 
is irrigated by the runoff of melt water 
from the surrounding ice and snow dur
ing the austral summer.  

The climate at McMurdo Sound is 
characterized by lower temperatures and 
much lighter precipitation, all in the 
form of snow. At the height of summer, 
from November through January, when 
the average daily hours of bright sun
shine are longest, air temperatures have 
been known to rise not much more than 
two or three degrees centigrade above 
freezing. Across from Ross Island in the 
lee of the dominating Royal Society 
Range lie the largest contiguous stretch
es of bare land in all of Antarctica. This 
is the dry-valley region, 10 to 15 miles 
wide and at least 100 miles long, with a 
rugged relief, ranging from 3,000 feet 

DRY-VALLEY REGION in Victoria Land 

near McMurdo Sound is the largest stretch 

of il·e-free land in Antarctica. It is, however, 

a desert, as hostile to life as the Antarctic 

ice. This photograph, made from a Navy 

aircraft flying at 15,700 feet above sea level, 

shows dry valleys on each side of a moun-

lain range. Olher dry valleys lie behind Tay

lor Glacier, which is at upper right. The 

tilelike formation on Ihe soil in the fore

ground and in other parts in the photograph 

is called patterned ground. This formation, 

found in both the Arctic and the Antarctic, 

is produced by the action of frost in the up· 

per layers of the soil. This action heaves the 

soil upward into regular polygonal patterns. 

to mountains as high as 13,000 feet. 
Throughout the valleys there are almost 
innumerable small and large alpine gla
ciers and a few outlet glaciers of the con
tinental icecap that is contained behind 
the Royal Society Range. In spite of the 
fact that this ice-free west side of Mc
Murdo Sound is a few degrees warmer 
than the windward east side, many of the 
massive blue-hard ice fronts barely show 
a trickle of water in midsummer. Light 
snowfalls on the upper slopes, however, 
leave an unmistakable snow line across 
the face of the mountains at about 3,500 
feet above sea level ; this soon vanishes 
when the snow melts away. Here, along 
the line of melt water, a few colonies of 
crustaceous lichens can be found. On the 
valley Roors are scattered ice-covered 
lakes of various sizes, all showing evi
dence of evaporative shrinking and all 
more or less saline as a result. The peb
bles, stones and boulders are faceted and 
polished, scarred, gouged and sculptured 
by the winds. 

The deathlike silence of these arid, 
cold desert valleys is made the more 
poignant by the mummified carcasses of 
seals that one encounters here and there . 
These mysterious remains appear in suf
ficient number to rule out mere individ
ual aberrant behavior. The mystery is 
deepened by the carbon-14 dating that 
shows them to be as much as 2,500 years 
old and by the finding that their resting 
places apparently mark the feet of gla
ciers that have long since retreated up 
the valleys. 

Such soils as Antarctica affords for the 
growth of plants are mainly alkaline and 
composed of finely crumbled and un
weathered rock and sand.  M uch of it 
shows no evidence of organic carbon ex
cept near bird rookeries , where guano 
and other nesting debris give the ground 
a distinct grayish coloration, or where 
decomposition below growing patches of 
mosses and lichens leaves a weak humus 
layer. The bacteri al Rora of such soil ap
pears to be much the same as that found 
elsewhere in the world. It includes typi
cal bacillary, coccal, spiral and filamen
tous forms.  Since bacteria on dust parti 
cles air-borne from other continents may 
replenish the bacterial populations, it is 
not known to wh at extent the various 
species survive in the Antarctic milieu . 
Enough samples of ice and snow have 
been examined, however, to reveal that 
they persist even in this unfavorable 
habitat in detectable numbers. The pres
ence of microorganisms typical of soils 
in temperate climates suggests that the 
Antarctic soils may sustain an organic 
cycle comparable to that of developed 
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soils . During the summer season of 1961-
1962 two important steps in the vital ni
trogen cycle were demonstrated in the 
cold soils around McMurdo Sound with 
the isolation of two strains of nitrogen
fixing bacteria found also in the Arctic. 
The grass and the mosses support the 
usual epiphytic bacteria. F.ungi are rare 

in Antarctica. Among the higher orders 
of life in the soils of certain areas are 
some of the tiny multicelled animalcules 
that are found 

'
in Temperate Zone soils, 

and even nematodes and some potworms.  
Only on the Antarctic Peninsula is  

the continent's complete assemblage of  
plants to be found-the three flowering 

\ , 

plants and three species of liverwort as 
well as numerous species of mosses and 
lichens .  Some of the mosses have spread 
successfully around the coasts of the 
continent, and on occasion they even 
show up on the inland isolated peaks of 
the snow-buried mountains called nuna
taks . The greater dependence of the 
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DISTRIBUTION OF PLANT LIFE in Antarctica is shown on this 

map. Since the continent is still largely unexplored, the map can 

show only reports of scattered collections. It is known, however, 

that plant life is most abundant along the moister, warmer coast and 
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mosses on moisture, however, limits their 
distribution, and they can be thought of 
as the oceanic element in Antarctic vege
tation. 

I n sheer mass the algae are the most 
abundant plants in the Antarctic, and 

they grow on the open ground and in 
ice and snow as well as in water. One 
form of alga growth is seen, for example, 
along the sterile front of the Wilson 
Piedmont Glacier in Victoria Land, op
posite M cMurdo Station. From some 
distance away it looks like a shadow 
faintly outlining a drainage pattern from 
the base of a snowbank. On closer scru
tiny the shadow resolves into a scat
tering of small, brittle, rosette-shaped 
clumps of blue-green algae, each bush
like growth spaced neatly from its neigh
bors. The whole effect reminds one of 
the manner in which chaparral grows in 
the Death Valley area of California. An
other bright green form grows on damp 
rocks and is also observed growing in 
clear ice built up by the dripping of melt 
water from the rocks. In all some 10 
genera of terrestrial algae have been 
identified in the McMurdo region ; all 
appear to be typical of those found in 
alkaline soils in the temperate zones. 

When conditions are just right, 
blooms of snow alga give their rosy hue 
to snow fields. This somewhat infrequent 
development requires that the snow be 
softened by the summer sun to the point 
where it begins to dissolve into many
branched streams. The alga in question 
appears to be restricted to the coasts ;  it 
has not been reported on the inland ice 
plateau nor does it appear when the 
snow remains firm and does not thaw. In 
January of this year many acres of snow 
on the Wilkes Land coast were tinted 
with the red snow alga. 

The more familiar sort of aquatic algae 
put in their appearance in melt water 

RANGE OF FLOWERING PLANTS 
(DESCHAMPS/A, COLOBANTHUS) 

SOUTHERN LIMIT OF HEPA TICS 
(LIVERWORTS) 

� ALGAE 

TREE LINE 

� MOSSES 

_ LICHENS 

that the flowering plants are confined to the 

northern part of the Antarctic Pen insula. I 
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pools . On Seabee Hook near Cape Hal
lett, where the water from the snows on 
higher slopes is enriched with nitrogen 
and phosphate as it flows through and 
over the guano beds of the penguin rook
ery, one is struck by the paddy-like ar
rangement of the deep green, light green 
and blue-green algae-colored patches of 

water scattered among the higher, gray
tinted ridges that mark the successive 
stages in the growth of the hooked-bay 
beach .  

I n  general algae are tolerant o f  a wide 
variation in environmental conditions. 
Yet they do not always grow in the avail
able fresh-water habitats,  especially in 

the sterile dry-valley region. And there 
are hundreds of square miles of ice-free 
land too dry to support vegetation of any 
type, no matter how minimal its require
ments . 

The plant that best withstands the 
prevailing desiccation of the Antarctic 
climate is the lichen. Indeed, lichens 

LAKE VANDA in Wri ght Valley i s  typical of Antarctic dry.valley 

lakes. It is  covered with ice and highly saline and therefore cannot 

support plant or animal life. The lake is gradually shrinking in 

size, as indicated by the terracing along its ri ght·hand shore. 
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WINGLESS FLY Belgica antarctica is the largest terrestrial animal on the continent. It lives 

on rocks in ice·free areas. Ma gnification in these three photographs is 20 diameters. 

FREE·LIVING MITES also live on exposed rock surfaces. Both the flies and the mites were 

photo graphed on the Antarctic Peninsula. The insects also inhabit areas farther inland. 

SPRINGTAILS (Collembola) were found on Deception Island. Ronnd objects are e g g s. 

These three pictures were made by R. E. Leech of Bernice P. Bishop Museum in Hawaii. 
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grow even on the inland peaks and have 
been reported within a few degrees of 
the geographic pole. They mark the in
ner limit of life on the frozen continent.  
Whether exposed to the extreme of cold 
or of drought, the lichens are able to 
survive because they can persist in the 
dormant state for long periods. In order 
to succeed and spread, however, they 
must still be able to grow, and their 
metabolism, no less than that of other 
living organisms, requires some fluids 
and nutrients . The variation in the lichen 
vegetation of Antarctica over even small 
areas is sh'iking and illustrates the re
sponse of these plants to the occasional 
cover of snow that, on melting, provides 
the only source of moisture and to tiny 
amounts of nutrient derived from the 
excreta of birds and carried as dust 
particles for long distances on the wind.  

Among the many variables on which 
the life of the lichens depends, it is sur
prising to realize that the supply of heat 
is reasonably dependable. Paul A. Siple 
of the Army Research Office observed 
that the dark rock of inland nunataks 
near the Rockefeller M ountains on which 
he found lichens growing absorbed con
siderable heat in the course of the long 
polar days. In the Horlick Mountains, 
four degrees from the geographic pole, 
it was found that rock .• t€lInperatures 
soared within three hours from -15 de· 
grees centigrade (5 degrees Fahrenheit) 
to 27.8 degrees C. (82 degrees F,). Thus 
when the sun shines, these polar plants 
are immersed in a microclimate not 
much different from a warm summer's 
day in the Temperate Zone, a microcli
mate that is contained entirely within 
the layer of warm air that lies immedi
ately above the rock. 

The Haupt nunataks on the coast of 
Wilkes Land barely rise above the 

ice. They suggest the general condition 
that may have prevailed throughout Ant
arctica during the Pleistocene epoch. 
M ost of the rocks are flush with the sur· 
face and are surrounded by hollows 
where the heat absorbed by the rock 
has melted away the snow immediately 
adjacent, leaving each rock surface sep· 
aJ'ated from the snow by a small air 
space, Practically all the rock thus ex
posed is covered with lichens. The 
growth extends below the level of ice, 
out of the wind, m oist with seepage from 
blown snow particles that fall on the 
warming rock and appropriately lighted 
and temperature-controlled by the en
casing "greenhouse" of translucent ice 
and snow . 

The Antarctic lichens belong to fam
jlies with wide distribution around the 
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Mind over matter 
Gulf predicts a big future for normal alpha olefins. For years 
chemists have recognized the exciting potential of these 
highly-reactive straight-chain olefins. But no one could pro
duce a high quality grade economically. 0 Then as part of 
its basic research, Gulf developed a concept that prom
ised to break the bottleneck. The principle was put to prac
tice in the laboratory, then refined in a pilot plant. Results: 
a practical process that produces olefins virtually free of 
paraffins, diolefins and cyclic compounds with normal alpha 
olefin contents approaching 100%.0 Interested companies 

were given samples to evaluate in alkylation, polymeriza
tion, halogenation, esterification and other olefin reactions. 
Results have been so encouraging that Gulf will soon pro
duce larger quantities of normal alpha olefins for devel
opmental use. 0 Perhaps Gulf's resources in raw materials, 
research, process ingenuity and product know-how can help 
you translate your most promising ideas into profitable 
products. 0 Contact Gulf Petrochemical Sales Office, 360 
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globe. They serve therefore as useful 
indicators of the relation between the 
vegetation of Antarctica and the rest 
of the Southern Hemisphere. They may 
also provide clues to the origin of the 
present plant life of the continent. Do 
the lichens of today represent a stock 
that has persisted in protected refuges 
on the seventh continent throughout the 
ice age? Or are they recent newcomers 
from ice-free periglacial regions that in
vaded Antarctica from other continents 
as the ice withdrew during intervening 
warm periods? Some Antarctic lichens 
must be between 500 and 1,000 years 
old, as indicated by their size and esti
mated or observed rate of growth, but 
this does not answer questions that in
volve truly geologic time periods. 

Still another realm of terrestrial Ant
arctic life, as yet little explored, is that 
contained in the fresh-water ponds. 
Many of the ponds found inland are 
permanently ice-covered; others thaw 
out completely only during the height 
of summer. The ponds that remain fro-

zen into the summer season often con
tain appreciable quantities of a coarse 
green alga embedded in the ice and 
visible to some depth. When the individ
ual strands come close to the surface, 
the dark stems and thallus absorb 
enough light to melt small pools of water. 
The tip of the plant may therefore lie 
in a miniature aquarium no larger than 
a half-dollar, pliant, revived and to all 
appearances photosynthetically active. 
Paradoxically the high light intensity at 
the peak of the growing season often 
appears to be a severely limiting factor 
for the biological activity of the plants, 
which must compress a year's growth 
cycle into the brief span of the summer's 
melting. 

Many of the ponds in the coastal 
areas are shrinking in size. The former 
levels of the impounded waters can be 
traced by the succession of miniature 
terraces composed of dried and soil
compacted algae blown into windrows 
along the old margins of the ponds. 
Carbon-14 dating of such alga deposits 

ANTARCTIC HERB (Colobanthus crassifolius D'UrvilJe) was found in blossom on the 
Antarctic Peninsula about 20 years ago and is preserved in a herbarium specimen at the 

ew York Botanical Garden. The roots can be seen in soil in whirh plant is embedded. 

mVACUUM 
Here's how vacuum enables capacitors and 
relays to achieve unmatched performance 
Jennings Radio specializes in the con
struction of electronic components using 
vacuum as a dielectric. 

Vacuum construction results in extremely 
small high voltage capacitors which per
mit the greatest possible ratio of capaci
tance change (as high as 150 to 1) while 
maintaining high voltage and current 
ratings up to 120 kv and 1000 amp rms. 

Vacuum Variable Capacitor UCSL 

7 to 1000 mm fd Peak voltage-5 kv RF currenl-20 amps 

Vacuum dielectric reo 
quires only fractional 
contact  separation in 
switches and relays and 
permits location of exter
nal terminals to withstand 
maximum high voltage 
in the smallest possible 
space. This is a tremen· 
dous advantage in air· 
borne, shipboard, or mo
bile applications where 

Vacuum Iransfer relay weigh t a nd space a re at 
RB44 POT a premium. All Jennings 

Peak vollage-25 kv switches are contact main. 
RFcurrenl-20ampsrms 

tenance.free throughout 
the life of the switch since contacts are 
permanently protected in the vacuum. 

In the field of coaxial switching Jennings 
vacuum coaxial 
relays have solved 
the problem of 
changing imped· 
ance. Vacuum en· 
closed contacts 
eliminate noise . 
generation and 
intermodulation 
distortion due to 
rectification ofthe 
rf signa I beca use 
contacts never 
become oxidized. 

Vacuum coax relay RC21F 
SPDT 3V," Power ralin2-20 kw 

Average al 6DO mc 

Write for free illustrated catalog literature describing 
Jennings' complete line of vacuum electronic components 

RELIABILITY MEANS VACUU� , 
VACUUM MEANS '£0010114 

J®" 
JENNINGS RADIO MFG. CORP • •  970 MCLAUGHLIN AVE. 

SAN JOSE 8, CALIFORNIA • DEPARTMENT SA 

223 

© 1962 SCIENTIFIC AMERICAN, INC



P' 

" 
; / 

I 

" 

i ), 
"' ,, -w 

J 
I 

\ 
I' 

# t 
�. 

1 

" 
.' 

\ # 4 

Typical aluminum powder metallurgy alloy dispersoids are 
so fine they require 25,OOOX magnification to examine. 

4JF 

TOP: Alloy XAPOOI-6 per cent A1203• 

" 

• 

BOTTOM: Alloy M486-8 per cent Fe plus, 2 per cent each V, Zr, Cr, Ti. 

" I 
• 

\ 

� 
� 

ALCOA ALUMINUM 
·41 ALUMINUM COMPANY OF AM�CA.z 

,, "" 
�. t*, * 

© 1962 SCIENTIFIC AMERICAN, INC



Paul Lyle's curiosity 
bui Ids a metal 
for atomic reactors 
Thirteen years ago, Paul Lyle won

dered what would result if diminu

tive insoluble particles were placed 

in an aluminum matrix. Paul was 

pioneering aluminum in powder met

allurgy and dispersion hardening

and breaking trail for the organic

cooled atomic reactors now being 

developed. 

Alcoa® Aluminum Powder Metal

lurgy Products stand the hot and 

corrosive environment of organic 

cooling without prohibitive neutron 

waste. APM products stay strong 

because tiny alloy constituents 

hinder the motion of dislocations. At 

the same time, these dispersoids don't 

fade away at temperatures of 700 to 

9000F because they are insoluble. 

Paul and the staff at Alcoa Re

search Laboratories found that by 

control of particle size and through 

a wider latitude in amount and 

choice of alloying components, it is 

possible to achieve unique proper

ties for special applications. Alumi

num alloys with tensile strengths in 

excess of 100,000 psi have been pro

duced by recently developed powder 

metallurgy techniques. 

Curiosity in depth-in research, 

development and production. No 

other aluminum producer has so 

many men, alloys and machines to 

provide an answer to your problem. 

Write: Aluminum Company o f  

America, 1866-J Alcoa Building, 

Pittsburgh 19, Pa. 

ALCOA ALUMINUM 
ALUMINUM COMPANY OF AMERICA 

in Victoria Land indicate a minimum 
age of 6,000 years. 

Skuas frequently congregate on and 
about the open fresh-water ponds, where 
they can be seen bathing and swimming. 
As a result the birds contribute appre
ciable quantities of organic nitrogen 
and salts to the water. The measurable 

change in the salt concentration appar
ently raises the melting point in addition 
to increasing the biological productiv
ity of the water. The organisms of the 
fresh-water habitats follow the same pat
tern of kind and number so apparent 
among the plants and animals of the sea, 
which is characterized by large numbers 

STRANGELY ERODED ROCKS, like this one in Taylor Valley, are common in Antarctic 

dry valleys. Wind·blown quartz particles produce the formations in less than 1,000 years. 
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4 TRACK & 2 TRACK STEREOPHONIC RECORDER 

Here, through your fingertips. you take complete control of 
sound, blending it to magnificent perfection. 

A great symphony to record? With this superb instrument 
you are a professional. Touch your stereo level controls -

feel that sensitive response. Dual V.U. Meters show precision 
readings as you augment the strings, diminish the brass. The 
richness of that low resonance is captured with your bass 
boost. The strength and delicacy of every sound-now yours 
to command. 

Four track and two track, 
s t ere o a n d  m o n o p h on i c, 
recording and playback. the 
SONY STERECORDER 300 i s  
truly the ultimate i n  tape 
recorder engineering. $399.50, 
complete with two dynamic 
microphones, two extended 
range stereo speakers all in 
one portable case. For custom 
mounting. $349.50. 

Other world· famous Sony 
tape recorders start as low 85 
$89.50. 

SONY � The T8pew8Y to Stereo 

of a few kinds. Diatoms and the coarser 
multicellular green and blue-green algae 
are the primary sources of food on which 
the bacteria and larger microscopic ani
mals depend .  In the somewhat saline 
ponds of the Wright Valley the pres
ence of sulfate-reducing bacteria has 
been demonstrated ; these organisms car
ry on the sulfur cycle by precipitating 
iron sulfide in the presence of organic 
matter supplied by algae. On the next 
level of the food chain, the fresh-water 
communities show a modest diversitv of 
pond life: single-celled protozoa 

'
and 

multicelled rotifers ( wheel animalcules) 
and tardigrades ( water bears), thread
worms and flatworms. These micrometa
zoans are principally bottom feeders, 
mostly entangled among the filamentous 
algae that settle to the bottom in mats or 
drift in windrows into the shallows. The 
rotifer Philodina gmgal'ia occurs in 
great numbers, packed in patches one 
rotifer thick and clearly visible as bril
liant red areas on the bottom, growing 
even under a relatively thick ice cover. 
One species of rotifer inhabits the salt 
ponds. 

Antarctic fresh-water ponds have no 
snails, insects or fish. The melt water 
pools of the Antarctic Peninsula and the 
oasis lakes, however, support a tiny 
shrimplike crustacean ; this ranks as the 
highest form of aquatic animal life on 
the continent. 

O n the land, insects and arachnids 
constitute the highest form of native 

l ife. Some 50 species have been identi
fied, principally ticks, lice, mites, spring
tails and a wingless fly . About half of the 
species are parasitic ;  they include the 
biting lice and parasitic mites found on 
birds and the sucking lice found on seals. 
These can be disregarded in the count 
of the true inhabitants of Antarctica, 
since their whole existence is given to 
the body of the host they attend .  

Among the remainder the fl y  Belgica 
Ilntarctica, barely a half-centimeter in 
kngth, is the largest terrestrial inhabit
ant of Antarcti ca. It breeds in the brack-

FAIRY SHRIMP (Braltchineclll granulosa 
Daday) is the only fresh· water crustacean in 

the Antarctic. The animal is drawn 13 times 

its actual size from a specimen collected in 

for literature and the name of nearest franchised dealer, write Superscope, Inc., Dept. H, Sun Valley, California a melt water pool on Lagotellerie lslund. 
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RECOMP@ III and optional equipment-floating point circuit boards, x·y plotter, Facitape 510 high speed reader, tab card adapter, Facitape console. 
I 

l 
I ! . 
I 

Why buy a computer that saves 

microseconds when you can get 

one that saves you hours? 

Speed is important. But computer operating speed is just a 
small part of the story. Save a few microseconds here and 
there and you haven't saved much. 

More important is total problem solving time. 

In the small scale computer field there's a computer that 
marks savings in terms of hours ... not microseconds. 

It is called Recomp 11'- And it leases for just $1,495. 

Recomp I II can save you hours in problem solving because 
it's simple to program and easy to operate. Here's why: 

1) large 40·bit word with 12 decimal digit accuracy; 2) 4096 
word memory with 49,000 decimal digit capacity; 3) built·in 
index register; 4) optional floating point hardware; 5) simpli· 
fied command structure; 6) advanced programming aids. 

The $1,495 lease price for Recomp I I I  gives you a ready to 
operate computer complete with typewriter and 8 channel 
paper tape input/output equipment. However, if you wish to 
expand its capabilities, there is a complete line of peripheral 
equipment available. 

The one sure way to find the computer that will save you the 
most time is through your own feasibility study. And no feasi· 
bility study is complete without Recomp. Put Recomp side by 
side with any comparable computer on the market. Let the 
facts speak for themselves. 

We'll be glad to help you get all the facts. Write today for 
a helpful guide: "How to Conduct a Computer Feasibility 
Study." 

Write: Recomp, Department , 09, 3400 East 70th Street, 
Long Beach, California. 

Recomp 
Products � Autonetics Recomp is a product of Autonetics I ndustrial is a Division of North American Aviation 
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NEW CONCEPT IN  ELECTRONICS EDUCATION 

expressly for students and scientists who need to gain 
a working knowledge of electronic ci rcu its and devices 

New clip-connect electronic experi
mentation chassis plus wired instru
ment units and authoritative text 
"Electronics For Scientists" . . .  Engi
neered by Heathkit . . .  originated 

by Drs. Malmstadt of U. of I llinois 
and E nke of Princeton . . .  available 
in various combinations to suit your 
needs.  Send for free descriptive folder, 
specifica tions and prices . 

r----, 
H E A T H  C O M P A N Y  
Benton  H a r b o r  36 , M i c h i g a n  

Please send Free I nstrumentation Folder . 

Name __________________________________________________ ___ 

Street: _____________________________ _ 

C i ly __________________ Zone ____ State ____ _ 

new concept in  

HI6H 
VACUUM 
MOTORS 

Remarkably different design ! No rotary feed· 
t h r o u g h !  No conta m i n a t i o n ,  no leakage!  
Ready now . . .  a dramatically different AC mo
tor designed to provide mechanical motion and 
carry on manufacturing processes within an 
ultra-high vacuum system. No coils, electrical 
leads nor terminals inside the vacuum. No rot
ary feed-throughs. Will not contaminate the 
system. Easily degassable, easily cleaned, needs 
no lubricants. Offers a wide variety of advan
tageous applications,  including sources and 
mask-changing apparatus in thin-film applica
tions, crystal growing, food processing, and 
metallurgy. Features interchangeable, stainless 
steel , non-magnetic gear boxes. Available in 
several speeds and torques, with choice of 
Viton, Indium OJ gold gasket. 

For comple te  deSCr ipt ive bu l l e t i n  wi th  
spec i f icat ions and  pr ices ,  wr i te . 
PHOTONETICS CORPORATION 

Dept. HVM'1 00 
Walker Valley, New York 
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HOW DO YOU 
MEASURE ROUNDNESS 

D I A M E T E R  ' V '  BLOCK B E N C H  C E N T E R  

Out of roundness consists of a n  odd 
or even number of lobes or bumps 
with regular or random spaci n g  about 
the part circumference.  Not a l l  of 
these types can be measured or even 
detected by the more common meas
urement methods. 

Measurements by diametrical or 
"V" Block methods are a calcul ated 
risk -- they seldom tell the full or 
correct roundness story. Both methods 
are completely i nsensitive to certai n  
types of p a r t  lobing.  

Center type measurements are sen
sitive to a l l  types of out of  roundness-
but the measurements are questionable 
in the high or ultra-precision fields.  
Very few plants have the means or 
program to control center and center 
hole error factors to the necessary 
degree'. 

Radial measurements u s  i n g an 
ultra-precision spindle and i n  some 
cases using a master round, are the 
only method which give a full  and 
accurate measurement of out of  round. 

Write for "Roundness Measurements" 
and determine the reliability of your 
present method. 

C / e K e / q � INSTRUMENT COM P A N Y  
A S U B S I O I A R Y  O f  T H E  B E N O I It  C O R P O R A T I O N  

6220 Easl Schaaf Road • Cleveland 3 1 ,  Ohio 

ish coastal pools of the An tarctic Pen in
sula and is known also in corresponding 
habitats of Tierra del Fuego and the con
tinent of South America.  The most nu
merous and widespread organisms are 
the springtails, or Collembola, and mites , 
the distribution of which appears to be 
largely guided by the winds . Springtails 
and mites have been collected from sea 
l evel to 1,800 meters ( 6,000 feet)  at the 
7 7 th latitude, where winter temperatures 
go as low as -65 degrees C. ( -85 degrees 
F . )  for long periods, and as far inland 
as the 84th latitude. Springtails turn up 
i n  all  kinds of soil but are more often as
sociated with mosses than with lichens .  
'\1 ites seem to be particularly tolerant of  
low temperatures and have been found 
farthest from the coast and highest in 
latitude . Neither mites nor springtails 
are found in the dry valleys or in other 
locales of comparable cold and drvness . 
They become active when the sun \�'arms 
up the rocks under which they congre
gate, i n  avoidance of direct exposure to 
the bright light of the continuous polar 
summer days, As Ove Wilson of the Uni
vers i ty of Lund observed, the habitat 
under the stones "is sometimes the 
warmest spot in the world of the m ite, 
and that seems to be the deciding fac
tor, because the metabolism can start 
only at a certain temperatur e . "  The 
Antarctic springtails and mites show no 
seasonal growth or breeding periods . 
When it turns cold, they become dor
mant at whatever stage of development 
they have reached and remain so until 

MICROSCOPIC ANIMALS found i n  Ant

arctic fresh·water pools include several spe
cies of rotifer, seen at the top of this draw
ing,  and of tardigrade, seen at the bottom. 
The drawin gs a re 130 times actual size. 
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H E  S P O K E 

F O R  TH E C A E S A R S  

A N D TH E 

C E N T U R I E S 

The Romans called him praeco. 
We call him herald. He was the official 

spokesman of his day, as he had been 

earlier in Greece. Caesars used him 

to announce a census, to proclaim an 

edict, to summon the senate, or to issue 

invitation to imperial games. He appeared 

in many guises until printing took 

over his function . 

Sound has once again taken up this 

function.  Through the tropo scatter 

radio equipment R E L  supplies across 

the free world, official voices are ready 

to sound instant alarms, help keep 

the peace, and assist in the day-to- day 

communications of nations. 

Tropo scatter helps overcome time 

and terrain to provide modern com

munication that 's SWift and sure. 

R E L  can offer SWift and sure help with 

your telecommunications problems, too . 

Why not call on R EL today?  

Radio Engineering Laboratories · Inc 
A subsidiary of Dynaufics Corporation of America 
Dept s ·  29-0 1 Borden Ave ' Long Is land City 1 ,  N Y  

C re a t i v e  c a r e e r s  a t  R E L  a wa i t  a few e x c e p t i o n a l  e n g i n e e r s .  

A d d r e s s  r � s u m � s  to J a m e s  W. K e l l y ,  Person n e l  D i rector.  
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• PrecIslo • • • • • • • • • • • • 

• , • • , • ----- Resistive 
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Film 

Why is this the worlds hest 
Metal· Film Resistor? 

First, because of the famous double 
sea l :  each resistor has a glass·to· 
meta l hermetic seal plus an epoxy 
outer coating covering the entire 
glass envelope . . .  giving you complete 
compatibi l ity where components are 
encapsulated plus maximum surface 
i nsu lation resistance. 

Second, Daven deposits a much 
thicker f i lm on the inside of the u nit 
than is fou nd i n  any other meta l fi lm 
resistor today! I t  is  approximate ly 
25 ohms per square (about 1 ,200 
a ngstrom un its thick) to achieve low 
noise, u n iform temperature coefficient 
regard less of ohmic va lue,  and the 
high overload capacity usual ly found 
only in wire  wounds. 

Third, all axial leads are weldab l e  
with to lerances o f  ± 1 %, ± 0.5% 
and ±0.25% avai lable.  

Fourth, Daven metal f i lm resistors 

feature a noise l evel equal to the 
best wire wound resistors; there is 
no chemica l reaction at ju nctions of 
inorgan ic  and organic materia l s  to 
cause noise and u nre l iab i l ity. 

Fifth, the Daven DA l i ne  superior 
high frequency characteristics. For a l l  
va lues o f  50-250 ohms, they a c t  a s  
r e s i st i v e  e l e m e nt s  s h u n t e d  by a 
d istributed capacita nce of about 0.5 
m icromicrofarad. The effective im· 
pedance of low ohmic va lues  is  that 
of a resistive e lement i n  series with 
an  inductance. 

Sixth, documented re l iabil ity, with 
a fa i l u re rate of .0042% per 1 ,000 
hours u nder actua l operating con· 
d it ions. The DA l i ne is  the on ly 
hermetica l ly sea led metal fi lm resistor 
to meet m i l ita ry specs for re l iab i l ity 
without costing more than molded or 
encapsulated types! 

RATINGS (with new decreased lengths) 

1--"'-:"":":"4--"'-:':'::":'-1 .657" MAX. .200 ±.020 1/4 300 .025 49.9n 1M 

�:'::::"'-I--':::':=---l .437" MAX. .130 ±.01O 1/8 250 .025 49.9n 499K 

�c:...:....4--=c:.:..,c-l .281" MAX. .130 ±.010 1/10 200 .025 49.9Q 300K 

HC" in Type Number is ±50PPMI" C HE" in Type Number is ±25PPMjO C 

For complete i nformation • ��E N write to Dept. S 
----.... 

Division of General Mills, Inc. 
LIVINGS TON, NEW JERSE Y  
(Area code 201) WYman 2-4300 
TWX: LIVINGSTON, N. J. 874 

the warming rocks revive them into ac
tivity. 

Man has not yet succeeded, by either 
accident or design, in introducing a new 
plant or animal into Antarctica, nor does 
it appear that the experiment would 
succeed under the environmental condi
tions now prevailing on the continent . 
In the complete absence of vegetation, 
the hardy M ongolian ponies brought by 
Scott and his company to Antarctica 
could not have survived without the 
care of their handlers . Dogs have been 
imported to haul sledges ;  when they are 
allowed to run loose, they terrorize the 
penguins, whose utter unfamiliarity with 
this kind of enemy makes them easy 
prey . But dogs make almost no impres
sion on the tough-hided Weddell seal 
and would probably come off second 
best in an encounter with the leopard 
seal. In  1958, when the Japanese expedi
tion hurriedly withdrew from Showa Sta
tion, 15 sledge dogs were left behin d .  
T h e  following year's expedition found 
only two of the animals still alive ; the 
other 13 may have fallen down cre
vasses, been carried out to sea on ice 
Roes or been eaten by the survivors .  
Cats  have appeared at one time or an
other in Antarctic camps but none have 
turned feral ; this has happened on some 
sub-Antarctic islands, where the cats 
subsist on introduced mice and rats and 
native birds. The rat, already counted 
as a pest in the islands, has yet to be 
reported on the continent, even in the 
environs of the year-round station s .  On 
the other hand, as long as men in the 
more favorable climates of the world 
foster science, it appears that man must 
be counted as a new permanent denizen 
of the Antarctic. 

� 
�-

FRESH-WATER DIATOMS found in Ant

arctica are drawn 1,200 times actual size. 

These specimens are from Cape Adare. 
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Engineers & Scient ists 

A big loop to close . . .  
Your next job ?  It depends on what you're seeking . . .  a compatible increment in salary . . .  or a no·holds
barred chance to wrestle with problems of an entirely new magnitude. An example of the latter lies 
between the lines of the diagram above. 0 Superficially, the schematic traces the data flow at a hypo. 
thetical Control and Reporting Center of the Air Weapons Control System 412·L. In the over·all mosaic of 
a fully integrated 41 2·L System, such a Control and Reporting Center is a key element. 0 We are manag
ing the integration and implementation of the 412·L program under the direction of the U.S.A.F. Elec· 
tronic Systems Division, from system concept and development, through the installation and checkout of 
complete operating equipments. If you'd like more information about this program, and the calibre of 
opportunities it offers, send us an outline of your education and experience. Your personal reply will 
include a technical brochure describing the entire system. There's no obligation. 

These are the genera l  areas of immed iate opportun ity: Com m u n i cat ion Systems / Appl i ed Mathemat ics  / 
Mater ia l s  Engi neeri n g  / M i c rom i n iature E l ectro n i c  Pac kag ing / Semiconductor C i rc u its Des ign / Com· 
puter System s  Appl icat ions / E l ectro n i c  L ia i son· Prod u ct ion Engi neeri n g  / M ic ro m i n i at u re M echa n ical  
Design / O perat ions Ana lysis / Systems Eq u i pment Ana lys i s  / Tel eco m m u n ication Systems Des ign / 
Project I ntegration Engi neeri ng / Eq u i pment Eva l uat ion .  

Address your inquiry i n  confidence to M r .  P. W. Christos, Div. 59.MI, Defense Systems Department, 
General Electric Company, Northern Lights Office Building, 'Syracuse, New York. 

!!o!A ...... DEFENSE SYSTEMS DEPARTMENT 
A Department of the Defense Electronics Division 

G E N  E R A L  fJ E L E C T R I C  
Northern Lights Office Bu i ld ing  - Syracuse, New York 

An Equa l  Opportu n ity Em ployer 
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Gurley instruments helped map the Ant. 
arctic with the 1939·41 U.S. Antarctic Service 
Expedition and traveled to the pole with 
other expeditions. 

Frontiers of 
Earth or Space
Gurley Precision 
Instruments 
Are There 

A Polaris missile speeds on its way, guided 
by Gurley precision glass grids. Gurley com· 
ponents and instruments bring accuracy to 
the missile and space programs and Gurley 
transits help build missile silos. 

w.& L.E.GURLEY 
Surveying and Scientific Instrument 

Makers Since 1845 
562 Fulton Street, Troy, New York 
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MATHEMATICAL GAMES 
Tests that sho(I\' (l'hethPl' a large 11Lllnbel' 

can be dipided b.\� a nll/nber franl 2 to 12 

b,' ,\Iartin Gardner 

A dollar bill that I have just taken 
from my wallet bears the serial 
number 61671142. A schoolbo,' 

could sav at once that this number is 
exactly divisible by 2 but not by 5. Is it 
divisible-from no\\' on the word will be 
used to mean divisible without a re
mainder-bv 3? By 4? By 11? Few peo
ple, including many mathematicians, 
know all the simple rules by which large 
numbers can be tested quicklv for di
visibilitv bv numbers 1 through 12. The 
rules were widelv known during the 
Renaissance, before the invention of 
decimals, because of their usefulness in 
reducing large-number fractions to low
est terms. Even today they are hanch' 
rules for anvone to kno\\'. For a devote� 
of digital p�Lzzles the following rules are 
indispensable. 

To test for 2: A number is divisible 
by 2 if and only if the last digit is even

'
. 

To test for 3: Sum the digits. If the 
result is more than one digit, sum again 
and continue until one digit remains. 
This final digit is called the digital 
root of the number. If it is a multiple 
of 3, the number is divisible bv 3. If it is 
not a multiple of 3, its excess over 0, 3 

or 6 is the same as the remainder when 
the original number is similarly divided, 
Example : The serial number of the bill 
has a digital root of 1. Therefore when 
the number is divided b,' 3, the re
mainder will be 1. 

To test for 4: A number is evenl�' di
visible bv 4 if and onlv if the number 
formed by its last two digits is divisible 
by 4. (This is eas" to understand when 

you reflect on the fact that 100 and all 
its multiples are evenl�' divisible b�' 4.) 

The dollar bill's serial number ends in 
42. Because 42 has a remainder of 2 
when di"ided bv 4, the serial number, 
when divided bv 4, will have a re
mainder of 2. 

To test for 5: A number is divisible 
by 5 if and only if it ends in 0 or 5. 

Otherwise the last digit's excess over 
o or 5 equals the remainder. 

To test for 6: Test for divisibility by 
2 and 3, the factors of 6. A number is 
divisible by 6 if and only if it is an even 
number with a digital root divisible by 3. 

To test for 8 :  A number is divisible 
b�' 8 if and only if the number formed 
by its last three digits is divisible by 8. 
Otherwise the remainder is the same as 
the remainder when the original number 
is divided bv 8. (This rule holds for all 
powers of 2: A number is divisible by 2" 
if and only if the last 11 digits for;ll a 
number divisible bv 2",) 

To test for 9: A number is divisible 
bv 9 if and only if it has a digital root 
of 9. If not, the digital root e(juals the 
remainder. The serial number of the bill 
has a digital root of 1, therefore it has a 
remainder of 1 when divided bv 9, 

To test for 10: A number is
' 
divisible 

bv 10 if and onlv if it ends in 0, Other
wise the final digit equals the remainder. 

To tcst for 11: Take the digits in a 
right to left order, alternatelv subtract
ing and adding. Only if the 

'
final result 

is divisible b,' 11 will the original num
ber be divisible bv 11. (It is assumed 
that 0 is divisible by 11.) Appl ied to the 
number on the bill, 2 - 4 + 1 - 1 + 7 
- 6 + 1 - 6 = - 6, The final figure 
is not a multiple of 11, therefore neither 
is the original number. To determine 
the remainder, consider the final Fig
ure, If it is less than 11, and positive, 
it is the remainder. If it is negative, add 
11 to find the remainder. If the final 
figure is more than 11. reduce it to a 
number less than 11 bv dividing b,' 11 

and putting down the excess, If the ex
cess is positive, it is the remainder you 
seek; if it is negative, add 11. (In the 
example, - 6 + 11 = 5, This teLls you 
that the bill's number, divided h,' 11, 
has a remainder of 5,) , 

To test for 12: Test for 3 and 4, fac
tors of 12. The number must meet both 
tests to be divisible bv 12. 

The reader has sur�ly noticed a singu
lar omission from the foregOing rules, 
How does one test for 7, the divine num
ber of medieval numerolog�'? It is the 
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Do you know about this unique plan 
to increase your understanding and enjoyment of music? 

Music-Appreciation Albums 
You receive outstanding 12-inch recordings of 
great music performed by noted artists and 

..... orchestras ... 

AND 
With them at no extra cost - in place of 
the usual printed program notes - you receive 
"musical program notes" on lO-inch records. 
These are always absorbing commentaries, illus
trated with musical passages by a full orchestra, 
to heighten your understanding of the music you 
hear on the performance records. 

AS A DEMONSTRATION ... FOR ONLY $1 00 ... 
CHOOSE ONE OF THESE DOUBLE-DISC ALBUMS (regvla��:���:

8
a

r
t
e
!�'

I
:���;::oPhonic 

Dvorak's NEW WORLD SYMPHONY 

Leopold Ludwig 

conducting the London Symphony Orchestra 

Debussy's LA MER & IBERIA 

Manuel Rosenthal 
conducting L'Orchestre du Theatre National 

de l'Opera de Paris 

Beethoven's FIFTH SYMPHONY 

Sir Adrian Boult 
conducting the Philharmonic Promenade Orchestra 

of London 

'EVEN by themselves, the superb recordings offered by MUSIC-
ApPRECIATION ALBUMS would be outstanding acquisitions 

in any musical home. But accompanied by their enlightening 
"musical program notes", narrated and recorded by the noted 
conductor, Thomas Scherman, they become uniquely gratifying 
additions to your library of recordings. This is a proven and 
sensible plan that has enriched musical enjoyment in many 
thousands of families. 

As an introduction to Music-Appreciation Albums you may 
choose one of the outstanding works described above. Should 
you want to receive other great works of music performed and 
analyzed in this way, you can allow this one-month trial to 
continue for as short or long a time as you wish. If, however, 
this plan does not come up to your expectations, you may 
cancel immediately. 

If you decide to continue you will not be obligated to take 
any specific number of records. A different work will be an
nounced each month in advance in a descriptive publication and 
as a subscriber you may take only those you are sure you want 
for your permanent record collection. 

Tchaikovsky's VIOLIN CONCERTO in D MAJOR 

Erica Morini, Violinist Artur Rodzinski 
conducting the Philharmonic Symphony Orchestra 

of London 

Moussorgsky's PICTURES at an EXHIBITION 

Sir Malcolm Sargent 

conducting the London Symphony Orchestra 

Brahms' THIRD SYMPHONY 

Leopold Stokowski 

conducting the Houston Symphony Orchestra 

MUSIC-APPRECIATION RECORD CLUB, INC. 
11 Park Place, New York 7, N. y, 

81·962 

Please send me at once the 12-inch Performance Record I have 
indicated below, together with its IO-inch "Musical Progranl 
Notes" Record, billing me $1.00 for both (plUS small mailing 
charge). and enroll me in a Trial Subscription to MUSIC-ApPRE
CIATION ALBUMS. It is understood I may cancel this subscription 
after hearing the Perfonnance Recording, or any time thereafter 
at my pleasure and that if I elect to continue as a subscriber I 
am not obligated to take any specified number of records. and 
may choose only those I want as they are announced. 

D Dvorak's Symphony 

D Debussy's La Mer and Iberia 

o Beethoven's Symphony 

D Tchaikovsky's Concerto 

D Moussorgsky's Pictures 

D Brahms' Symphony 

Please check box to indicate whether you wish stereophonic or 
regular L.P. perfornlance records. 

D stereo 0 regular L.P. 

MR. I ��:s 5 ................................................ pj�.�;�.p;i�t"pi·�i;;j� .. 
· 

.. .... 
·· 

.. ·· · 

Address .............................................................................................. .. 

City .......................... ........................... Postal Zone ............ Stat .... . (II any) 
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�� 
Chicago Miniature's 

Complete Line of 
"BEEP" 

(Bi-Pin) LAMPS 
These time-tested lamps have much to offer 
besides Chicago Miniature's customary high 
reliability. Just check these advantages. 

• EASIER TO ASSEMBLE-Simply plug in! 

• BETTER LAMP-TO-SOCKET 
CONTACT 

• AVAILABLE IN ALL SIZES-T-l, 
T-l-l4 , T-l-%' , T-3-l4 

• ANY STANDARD LAMP NOW 
A VAILABLE WITH BI-PIN BASE 

• STURDY LEADS (any length) minimize 
breakage when crimped or soldered 

• COMPACT-Conserve space in miniature 
equipment-eliminate costly, bulky sockets 

• COLOR CODED EPOXY BASES 

SUCCESSFULLY 
USED IN 
Digital and 

Analog Computers 

Memory Systems 

Plotters 

Readers 

Business Machines 

Air·Ground 
Communications 

Equipment 

Missile Guidance 
Equipment 

Test Equipment 

M CHI C A �m�or :i;� ;p;;;r;; ap��t;.p W 0 R K 5 

WRITE TODAY FOR COMPLETE INFORMATION I 

@ 
0", ""'0 '0,'0" . w'" ,," ' " .  ,,',., ", ," " '  " " , ""  

I I 4425 Ravenswood Ave., Chicago 40, Illinois 
WHERE RELIABILITY ALWAYS COMES FIRST' 

FREE 
MANUAL 

on function and uses 

MERCURY RELAYS 
for all loads up to 100 AMPS. 

FREE: The complete standard
' 

reference 
manual on all types and correct applica
tions of Mercury Plunger Relays. Compact, 
miniature units providing millions of con
tinuous makes and breaks with no main· 
tenance. Silent, hermetically sealed. No 
pitting or corrosion. 
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Send for FREE MANUAL and 
30 DAY FREE TEST detail. 

ACCURATE 
RADIOCARBON 
DATING 
Accurate age dating 
of archaeological 
and geologica I 
specimens. 
WRITE TODAY 
for free brochure 
on specific 
information 

TEXAS 
BIO.NUCLEAR 
A diviswn of The Kaman 
Aircraft Corporatwn. 
P. O. Box 9431, Dept. SA·3 
Austin 17, Texas 

onl:' digit for which no one has yet 
found a simple rule. This disorderly be
havior on the part of 7 has long fasci
nated students of number theorv. Dozens 
of curious 7 tests have been d�vised, all 
seemingly unrelated to one another; all, 
unfortunately, are almost as time-con
suming as the orthodox division pro
cedure. 

One of the oldest of such tests is to 
take the digits of a number in reverse 
order, right to left, multiplying them 
successivelv by the digits 1, 3, 2, 6, 4, 5, 
repeating with this sequence of multi
pliers as long as necessary. The products 
are added. The original number is divisi
ble by 7 if and only if this sum is a 
multiple of 7. If the sum is not a multi
ple, its excess over a multiple of 7 equals 
the remainder when the original number 
is divided by 7. This .is how the method 
is applied to the number on the bill: 

2 x 1 = 2 
4 x 3 = 12 
1 x 2 = 2 
1 ',6 = 6 
7 x 4 = 28 

6 x 5 = 30 
1 x 1 = 1 

6 x 3 = 18 
99 

Ninetv-nine divided by 7 has an excess 
of 1. This is the remainder when the 
bill's number is divided by 7. The test 
can be speeded up by "casting out 7's" 
from the products: writing 5 instead 
of 12, 0 instead of 28 and so on. The 
sum will then be 22 instead of 99. The 
test is really nothing more than a method 
of casting multiples of 7 out of the 
original number. It derives from the fact 
that successive powers of 10 are congru
ent (modulo 7) to digits in the repeating 
series 1, 3, 2, 6, 4, 5; 1, 3, 2, 6, 4. 5 . . . 
(Numbers are congruent modulo 7 if 
they have the same remainder when di
vided by 7.) Instead of 6, 4, 5 one can 
substitute the congruent (modulo 7) 
multipliers -1,  -3, -2. The interested 
reader will find it all clearly explained 
in the chapter on number congruence 
in What Is Mathematics? bv Richard 
Courant and Herbert Robbins. Once 
the basic idea is understood it is easy 
to invent similar tests for any number 
whatever. For example, to test for 13 
we have only to note that the powers of 
10 are congruent (modulo 13 )  to the 
repeating series 1, -3, -4, -1,  3, 4 . . . 
This series is applied to a number in the
same manner as the series in the test 
for 7. 

What series of multipliers results 
when we applv this method to divisibil-
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The world's smallest satellite has been developed by Space 

Technology Laboratories. Its shape will be different from all 

other satellites before it. STL engineers and scientists have 

used a tetrahedral configuration to bring about some remark

able characteristics in a space vehicle. There will be no need 

for batteries nor regulators in flight. The satellite will have 

no hot side, no cold side. It will require no attitude control 

devices. No matter how it tumbles in space it will always 

turn one side toward the sun to absorb energy, and three 

sides away from the sun to cool instrumentation and telem

etry equipment inside. It can perform isolated experiments 

in conjunction with other projects. Or it can be put into 

orbit by a small rocket to make studies of its own, up to five 

or more separate experiments on each mission it makes. 

STL is active on hardware projects such as this and as prime 

contractor for NASA's OGO and an entirely new series of 

classified spacecraft for Air Force - ARPA. We continue 

Systems Management for the Air Force's Atlas, Titan and 

Minuteman programs. These activities create immediate 

opportunities in: Space Physics, Radar Systems, Applied 

Mathematics, Space Communications, Antennas and Micro

waves, Analog Computers, Computer Design, Digital 

Computers, Guidance and Navigation, Electromechanical 

Devices, Engineering Mechanics, Propulsion Systems, 

Materials Research. For So. California or Cape Canaveral 

opportunities, please write Dr. R. C. Potter, Dept. J, One 

Space Park, Redondo Beach, California, or P. O. Box 4277, 

Patrick AFB,Florida.STL is an equal opportunity employer. 

'.0 

" SPACE TECHNOLOGY LABORATORIES, INC. 
,.j a subsidiary of Thomps�n Ramo Wooldridge Inc. 

los Angeles ' Vandenberg AFB • Norton AFB, San Bernardino ' Cape Canaveral. Washington, D.C . •  Boston ' Huntsville . Dayton 
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PHOTOELASTICITY 

The analysis of stresses caused by thermal shrinkage has always been a knotty problem, especially in 

complex three-dimensional shapes. The two figures above compare the results of a complex analysis 

(A) with an experimental photoelastic study (B) so that even nonscientific members of the solid pro

pellant community can see the progress we have made in three-dimensional stress analysis. The photo

elastic picture shows the "fringes" from a slice of a thick-walled cylinder of photoelastic resin cast into 

a steel tube, with the resin shrinkage producing the same distribution of stresses that occur upon cooling 

a rocket motor. The analytical figure shows the calculated contours of tensile stress using the computer 

to handle the finite-length problem through the stress function technique. _ The success demonstrated 

by these illustrations shows the progress that may be realized when scientists with diverse interests, 

such as stress analysts, grain designers, organic chemists, and rheologists, work toward a common goal 

in an environment conducive to research. Management people would say that we have improved our 

communication; we scientists say we have improved our ability to handle difficult design problems. 

We invite you to participate in our challenging advanced research activities. 
Aerojet-General® needs scientists with advanced degrees and unusually high levels of achievement in 

photoelastic research, chemistry, applied mathematics, physics, stress analysis, and metallurgy. Your 

letter will receive prompt, confidential attention. Write Dr. P. L. Nichols, Jr., Manager, Aerojet-General 
Solid Rocket Research, P. O. Box 1947 -P, Sacramento, California. An equal opportunity employer. 

SOLID ROCKET PLANT /Sacramento, California 
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ity by 3, 9 and 1 1? The powers of 10 
are congruent (modulo 3 and modulo 9) 
to the series 1, 1, 1 , 1 . .. , so we arrive at 
once at the previously stated rules for 
3 and 9. The powers of 10 are congruent 
(modulo 1 1) to the series --1 ,  + 1, -1,  
+ 1 .  .. , which leads t o  the previously 
stated rule for 1 1. The reader may enjoy 
finding the multiplier series for the other 
divisors to see how each series links up 
with its corresponding rule or, in the 
cases of 6 and 12, leads to other rnles. 

A bizarre 7 test, attributed to D. S. 
Spence, appeared in 1956 in The Mathe
matical Gazette (October, page 215). 
Remove the last digit, double it, subtract 
it from the truncated original number 
and continue doing this until one digit re
mains. The original number is divisible 
by 7 if and only if the final digit is 0 or 
7. This procedure is applied to our serial 
number in this manner: 

61671141 4 6167111 
o 616711 

2 616� 
18  6141 16 

59S' 16 4,/ 6 
-2 

The final digit is not divisible by 7, 
therefore neither is the original number. 
A defect of the system is that it gives 
no clue to the remainder. 

The 7 test that seems to me the most 
efficient, especially when applied to very 
large numbers, is one developed by 
L. Vosburgh Lyons, a New York neuro
psychiatrist. It is disclosed here for the 
first time in the illustration on the next 
page, where the steps are applied to an 
arbitrary 13-digit number. The method 
is extremely rapid when applied to a six
digit number; one has only to build a 
triangle of three digits, then two, and 
then a final digit that provides the re
mainder. 

Working with this method, Lyons has 
discovered many remarkable six-digit
number feats of the "lightning calcula
tor" type. For example, ask someone to 
chalk on a blackboard any six-digit num
ber that is not divisible by 7. Suppose 
he writes 431576. You propose to alter 
quickly each digit in turn, forming six 
new numbers, each a multiple of 7. 

To do this, first write the number six 

This is the superfine Questar telescope. Its wonderful compactness is achieved 

by the perfect marriage of a correctirtg lens to an f/2 mirror whose figure is 

accurate to 1/64 wavelength of light. Each element is singly made, arid each 

matched set of Questar optics slowly brought to perfection by aspheric 

retouching and high -power performance tests until it is truly an individual 

triumph of the optician's art. 

This whole portable observatory, with the precise controls of great 

instruments, occupies but one -half cubic foot of space and weighs eleven 

pounds. At left, the seven-pound Questar is shown ready for celestial use. 

The base casting houses a synchronous electric drive and safety clutch. 

A seated observer using Questar from a table top is in the easy attitude of study, 

and, being freed from strain and fatigue, finds his eyesight unimpaired as he 

examines Questar's rock-steady images in luxurious comfort. 

Questar costs only $995 as shown, Q U IE ce T � 15) 
with its fitted English leather case. � 11 fl � 
Send for our new 32-page booklet. Box 20 New Hope, Pennsylvania 
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Harnessed to the right design, paper 
has scored important advances in many 
new and improved products. That's 
because 'paper is low in cost, low in 
weight and low in mass per volume. 
Inertial resistance and kinetic energies 
are low. Yet paper is high in dielectric 
strength and volume resistivity, and 
can be made to conduct electricity, or 
to re,sist temperatures above the char 
point of cellulose. 

Tell Us What You Want It To Do; 
We'll Tell You If Paper Can Do It. 
We've been making paper for 150 

years. Twenty years ago we decided to 
specialize on papers that no one had 
ever made before. That required crea
tive chemists, physicists and techni
cians ... a modern research laboratory 
with pulp-stock refining equipment and 
a complete Fourdrinier machine that 
c a n  t u r n  o u t  a n  e n d l e s s  w e b  of 
paper 20 inches wide. The accomplish
ments of this laboratory have surprised 
even us. 

Today our production runs include 
the papers our own laboratory de
velops, as well as other specialty runs 
that demand close dimensional, chem
ical or physical limits and uniformity. 

• Write for our free booklet, 
"Creative Imagination in Tech
nical Papers." Tell us what you 
want paper 10 do. If your project 
showl promise of practical 
development, a sales engineer 
will call 
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2 3 5 9 4 0 6 1 7 8 8 3 9 � 1 FROM RIGHT TO LEFT MARK OFF THE 
DIGITS IN PAIRS. 

2 o 3 6 3 4 4 � 2 UNDER EACH PAIR PUT DOWN ITS 

! . ------------[������--������ 0 3 6 
EXCESS OVER A MULTIPLE OF 7 

i 
'------------------------------------------�� 2 

3 7 12 � 3 GATHER THE EXCESSES BY GROUPS 
OF THREE AND ADD EACH COLUMN 
SEPARATELY. 

3 0 5 � 4 REDUCE THE THREE SUMS BY PUT-
TING DOWN THE EXCESS OF EACH 
OVER A MULTIPLE OF 7. 

2 5 � 5 RECORD THE EXCESS OF 30 ON THE 
LEFT. THE EXCESS OF 05 ON THE 
RIGHT. 

3 � 6 SUBTRACT LEFT DIGIT FROM RIGHT 
DIGIT. (IF RIGHT DIGIT IS SMALLER 
ADD 7 BEFORE SUBTRACTING.) THIS 
FINAL DIGIT IS THE REMAINDER WHEN 
ORIGINAL NUMBER IS DIVIDED BY 7. 
THUS ORIGINAL NUMBER IS DIVISIBLE 
BY 7 IF AND ONLY IF THIS FINAL DIGIT 
IS O. 

The L"ons test for 7 

times in a square array (as shown at the 
left in the illustration on page 240), 
leaving a blank space for the last digit 
in the first row, the next to last digit 
in the second row and so on. (The spaces 
Ire labeled A to F only to help the ex

planation; when the trick is performed, 
the six spaces are left blank.) Having 
already tested the number to make sure 
it is not divisible by 7, you have deter
mined that it has an excess of 5. Ob
viously 1 must be placed in space A 
instead of the original 6 to make the 
top number a multiple of 7. 

The remaining five blanks can now be 
filled in rapidly. In row 2, consider the 
number B6. Above it is 71 ,  which has an 
excess of 1 when divided by 7. You 
must therefore place a digit in space B 
so that the number B6 will also have an 
excess of 1. This is done by placing a 
3 in space B. (In your mind, simply sub
tract 1 from 6 to get 5, then ask yourself 
what two-digit multiple of 7 ends in 5. 
The answer can only be 35.) The num
ber C7 is handled in the same way. 
Above it is 53, which has an excess of 4, 
so to give C7 a similar excess you put 6 
in space C. Continue in similar fashion 
with the remaining rows. The final result 
is shown at the right in the illustration. 
Each row is now divisible by 7. To a 
mathematician familiar with the diffi
culties of testing divisibility by 7, the 
feat is quite astonishing. 

A knowledge of divisibility rules often 

furnishes short cuts in solving number 
problems that otherwise would be enor
mously difficult. For instance, if nine 
playing cards, with values from ace to 9, 
are arranged at random to form a nine
digit number, what is the probability 
that it will be divisible by 9? Since the 
sum of the digits from 1 to 9 is 45, which 
has a digital root of 9, you know at once 
that the probability is 1 (certainty). 
Four cards, from ace to 4, are randomly 
arranged. What is the probability that 
this four-digit number is divisible by 3? 
Bearing in mind the rule for 3, you 
know immediately that the probability is 
o (impossible). A puzzling stunt can 
be performed with such a number. 
While your back is turned, ask someone 
to add a five to the number, at either end 
or between any two cards. With your 
back still turned, appear to concentrate 
and announce that by clairvoyance you 
have discovered that the new number 
is now divisible by 3. 

Until the answers appear next month, 
the reader may enjoy testing his skill on 
the following digital puzzles, all inti
mately related to this month's topic. 

1. A person older than nine and young
er than 100 is asked to write his age 
three times to make a six-digit number 
(e.g., 484848). Prove that the number 
must be divisible by 7, 

2. Seven different playing cards, with 
values from ace to 7, are shaken in a hat, 
then taken out singly and placed in a 
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The small white rectangle above represents the approximate size 

of space required to contain one page of newspaper size docu

ment reduced for storage through NCR's PHOTOCHROMIC 
MICRO-IMAGE process, The small white dot on the right represents 

the area that would hold thousands of micro-capsules (cell-like 

structures containing useful materials) produced through NCR's 

amazing chemical process of MICRO-ENCAPSULATION, 
One apparent application of the NCR Phatochromic Micro

Image process is that it permits easy and efficient storage, access 

and reproduction of voluminous data, The process of Micro-en

capsulation has applications cutting across many fields of interest 

including paper coatings (such as on our No Carbon Required 

paper), food, pharmaceuticals, adhesives, etc, 

These are but some of the outstanding achievements of NCR 

scientists and research and development personnel. Through the 

years our devotion to the concept of improvement, growth, and 

service to business and industry has led to many other changes 

which have benefited the world. Government and military agencies 

also have on active interest in the advanced work being done by 

NCR scientists and engineers. 

Our Research and Development programs are not limited 

to the fields of Phatochromics and Micro-encapsulation. Rother, 

the programs extend into many disciplines including physical and 

chemical research in the areas of semiconductor materials and 

devices that will have practical application in computer develop

ment and odd to the total effort of the company. The NCR effort 

is concentrated on the toto I systems concept. 

To .determine whether your career plans fit in with our re

'search and development plans, merely drop us a note with a 

brief description of your interests and scientific background. Ap

plications at all professional levels will be considered, 

Write to: 

T. F. Wade, Technical Placement 

The National Cash Register Company 

Main & K Streets, Dayton 9, Ohio 

An Equal Opportunity Employer 

iNiCiRi 
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lilt Would Take 6 Hand Sprayers 
to Handle the Work We Turn Out 
in a Day, Automatically, with 

RANSBURG NO. 2 PROCESS." 

r- I i 
I I 
I f 

This Ransburg reciprocating disk paints 
only the upper row of parts; in an adjoining 
booth, a horizontal partition separates the 
two rows of parts, permitting application 
of a different color to the lower row with 
a second reciprocating disk. 

• "Our automated set-up with Ransburg No. 
2 Process on both prime and finish enables 
us to easily meet our production schedules 
of approximately 2500 units per day," says 
Will Huss, vice president of B & C Metal 
Stamping Co., Atlanta, Ga. 

B & C Metal Stamping, well known manu
facturer of electrical enclosures, went to elec
trostatic spray painting to handle contracts 
for producing point -of-sale soft drink display 
racks in quantities of several hundred thou
sand. 

Originally, the different colored rack bases 
and backs (in various color combinations) 
were batch-painted by colors; then stock
piled before partial assembly, packing and 
shipping. Prime coat was first applied by 
dipping, but it proved generally unsatisfac
tory. Now, with a more fully automated, com
pletely electrostatic finishing set-up, parts 
are first primed with Ransburg bell atomiz
ers; then finish coats are applied with recip
rocating disks. 

B & C reports a high quality, uniform finish 
with substantial savings in paint and labor. 
At one time, they were using 70 employees 
on TWO shifts to handle production require
ments. Now, they use only 25 in ONE shift 
to meet the same demand. Rejects-mostly 
due to handling and stockpiling-are down 
10%. 

"Even if we had room-which we don't in 
our present cramped quarters-it would take 
at least 6 hand sprayers to handle the job 
today," Huss said. 

NO REASON WHY YOU CAN'T DO IT, TOO! 
Write for our No.2 Process brochure which shows 
many examples of electrostatic spray painting

both with automatic and 
manually-operated equip
ment. 

RANSBURG 
Electro-Coating Corp. 

Box 88220, Indianapolis 8, Indiana 
Affiliates in AUSTRALIA . AUSTRIA. BELGIUM. BRAZIL 

DENMARK. ENGLAND. FRANCE. FINLAND. GERMANY 

HOLLAND . INDIA. IRELAND . ITALY. NEW ZEALAND 

NORWAY . PAKI STAN . SOUTH AFRICA . SPAIN 

SWEDEN and SWITZERLAND 
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row. What is the probabilitv that this 
seven-digit number is divisible by ll? 

3. Find the smallest number that has 
a remainder of 1 when divided by 2, 
a remainder of 2 when divided by 3, a 
remainder of 3 when divided by 4, a re
mainder of 4 when divided by 5, a 
remainder of 5 when divided bv 6, a re
mainder of 6 when divided

' 
bv 7, a 

remainder of 7 when divided bv 8, a re
mainder of 8 when divided bv 9 and 
a remainder of 9 when divided by 10. 

4. A child has at his disposal 11 small 
wooden cubes, all the same size. With 
them he tries to build the largest cube 
he can, but he discovers that he is short 
by exactly one row of small cubes that 
would have formed an edge of the large 
cube. Prove that 11 is divisible by 6. 

5. What is the remainder when 3, 
raised to the power of 123,456,789, is 
divided by 7? 

6. Find four different digits, excluding 
0, which cannot be arranged to make a 
four-digit number divisible by 7. 

The problems are easier than one 
might think at first, once thev are ap
proached properly, except for the last 
one, which seems to yield only to brute 
hammer-and-tongs methods. But any 
reader who solves all six will find that 
he has had a stimulating workout in ele
mentarv number theory. 

Readers were asked last month to ex-
plain a magic trick in which five 

cm'ds are selected, one of the five is 
chosen, then the magician arranges the 
other four in whatever order he chooses. 
The four cards are taken to the magi
cian's assistant, who, after looking them 
over, names the chosen card. 

Since none of the four cards can be 
the selected card, it is necessary only to 
code the name of one of 48 cards. The 
magician and assistant have agreed on 
an order for all 52 cards, so that each 
card can be assigned a number, from 1 
to 52, in the agreed-on hierarchy. The 

4 3 5 7 ;\ 

4 3 5 E3 6 

4 3 C 7 6 

4 3 0 5 7 6 

4 E 5 7 6 

F 3 5 7 6 

four cat'ds that CatTV the code will then 
represent four nu�bers that ean be 
designated A, B, C, D in order of rank. 
These four cm'ds can be arranged in 24 
different ways, exactly one-half of 48. 
The 48 cm'ds (one of which must be 
coded) are thought of as ordered ae
cOl'ding to the ranks of their assigned 
numbers, then divided in half, half con
sisting of the 24 lower cm'ds, the other 
half consisting of the 24 higher cm·ds. 
Suppose the chosen card is the 17th card 
in the "Jow" group. The number 17 call 
be communicated by the ordering of the 
four cm'ds, but one additional signal is 
needed to indicate whether it is the 17th 
card in the "low" or the "high" group. 

The problem that remains, then, is 
how to communicate this final yes-no 
Signal. It cannot be communicated bv 
the ordering of the four cards. The prob
lem was stated in such a way as to rule 
out various other methods that suggest 
themselves, such as marks on the cm'ds, 
the choice of the person who takes the 
cm'ds to the assistant, the lise of a con
tainer for the cards, the procedure to be 
followed, the time at which the cards arc 
taken to the assistant and so forth. 

One subtle loophole was not ruled 
out: the hotel room in which Mrs. Eigen 
waited. The Eigens had taken two 
rooms, adjoining and connecting. Victor 
Eigen did not give the number of his 
hotel room until after the card had been 
selected. He arranged the four cm'ds to 
code a position from 1 to 24, then trans
mitted the final clue-whether the high 
or the low group was involved-by 
choosing one of his two roOI11S. Mrs. 
Eigen simply went to the door at which 
she heard knocking. This information, 
combined with the four-card code, was 
sufficient to pinpoint the selected carel. 

In June readers were asked for tbeir 
. best solutions to a solitaire game on 
a 6 X 6 square [see top illustratioll 011 
page 243] with counters on all cells 

4 3 1 5 7 1 

4 3 1 5 3 6 

4 3 1 6 7 6 

4 3 6 5 7 6 

4 7 1 5 7 6 

3 3 1 5 7 6 

A calculation stllnt involving divisibility by 7 
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CORPORATION 
NNEL.L. AIRCRAFT MCDO . ST LOU I S  66. M I SSOU R I  

LA.MBERT • S T .  LOU IS  MU N IC I PAL A I RPORT . THE FUTURE IS AT 
PERSONAL,  /tIIC':;'O/vIVELL 

Name _-h'-fr'''-'''�':'7- = 
WHERE ENGINEERING 

CONCEPTS ARE MOVING . . .  
o� 22,. 0£20 a '_ . . .  Men  into Space 

Size �Wdfot,!�, {;. S'. �  M ILITARY SERV I C E '�aau:t @ NA sA , 'F� . . .  A i rcraft to New Records 
. . . Design  Beyond  the 

State of the Art 

LET'S 

RES UIIIIES 

'1---� ...... � .. �����������--�'-""�����'------------------------------------': -
...... " - � . 

, 
Please complete this form and forward to : Mr.  D .  F. Waters, Professional Placement, Dept. 62,  McDonnell 

Aircraft ,  St , Louis 66, Missouri . This is not an application for employment. Your qualifications will be 

reviewed by our placement staff and you will be advised of positions at McDonnell for which you qualify . 

You may then make application if you wish. All replies confidential.  

Name _____________________ Home Address 

City & State ____________________ Phone ________________ Age ____ � 

Present Position 

Primary Experience Area _____________________________ N umber of years ____ � 

Secondary Experience N umber of Years ____ _ 

Additional Comments ________________________________________ _ 

Education: AE __ ME __ Math __ Physics __ Chemistry __ EE __ Astronomy __ Other _______ _ 

Degree : BS __ --=c--___ MS 
Date �,---

--� PHD--
--:::---c-

-- I would like to receive application form D 
Da� Da� 

Openings now exist in the following areas: 

Advanced Product Pl anning, Aerodynamics, Engineering Pl anning, 
D e sign, Control and Structural Dynamics, E lectronics ,  Ground Support 
E quipment, Liaison, M aterials, M athematics, Metallurgy, Operations 
A n a l y s i s ,  Propulsion, Reli ability, R e s e arch, S p a c e  M e dicine, 
Structures, Systems Management, Thermodynamics, Wind Tunnel 

S A  

�--------------------------------------------------------------------------------------�3\; - _ 2 : 1/ 
NlCDON NELL An equal opportunity employer. 

�= :, . ' ' _1: c>� . F4H and F-110A Fighter and Attack Aircraft • RF-110 Photo Reconnaissance Aircraft • 

Mercury, Gemini, Asset and A eroballistic Spacecraft . Talos and Typhon Missile Airframes and Engines . 
Quail Decoy Missiles • Rotorcraft • Electronic Systems • A utomation 

M C D O NNELL A IRCRAFT • S T.  LO UIS 
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AN 

ENVELOPE 

OF 

Hidden away untended in under
ground silos, the USAF Minute
man missiles may never be called 
upon for an actual mission. If  the 
call ever comes they must respond 
instantly and this response must 
be predictable within close limits. 
H e r e  is a r e a l  c h a l l e n g e  - a 
weapons system that continues 
to be operational with minimum 
attention.  

American Air Filter developed 
and is producing and installing 
the environmental O p e r a t i o n a l  
Ground Equipment that helps en
sure this constant readiness. AAF 
equipment provides the protective 
envelope of air necessary for basic 
system requirements. The envi
ronmental gear itself conforms to 
Mil-R-27542.  

Minuteman's "envelope of air" 
is but one example of new design 
c h a l l e n ges s u ccessfully met by 
American A i r  F i l ter  e n g i n eers.  
Can we help with your weapons 
or  industrial  p r o j e c t ?  I n q uire : 

Defense Products Division,  A mer

ican Air Filter Co. ,  Inc. , 3 1 0  Third 
S t ree t ,  R o c k  Island,  I l l i n o i s ,  
Phone 788-931 1 .  
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W r i te for B u l l e t i n  0· 1 64 

COMPLETE SYST E M S  

CAPA B I L I TY 
• Heat i n g  
• V e n t i l a t i n g  
• A i r  F i l t e r i n g  
• Refrigeration 
• H u m i d ity C o n trol 

E N G I N E E R E D  
E N V I R O N M E N TA L 

S Y S T E M S 

except 1 .  The problem called for jump
ing all counters but one, the last counter 
to rest on cell 1.  

Robin Merson, who works on satellite 
orbit determinations at the Royal Air
craft Establishment in Farnborough, 
England, sent a simple proof that at 
least 16 moves (a chain of jumps counts 
as one move ) are necessarv. The first 
move is 3-1, or its symmetrical equiv
alent. This places a

' 
counter on each 

corner cell. It is impossible for a corner 
piece to be jumped, therefore each cor
ner piece must move (including the 
counter at 1, which must move out to 
allow a final jump into the corner). 
These four moves , added to the first, 
bring the total to five. Consider now the 
side pieces on the borders between cor
ners. Two such pieces, side bv side, can
not be jumped; therefore for cverv such 
pair at least one counter must move. On 
the left and right sides, and on the bot
tom, at least two pieces must move to 
break up contiguous pairs. On the top 
edge (assuming a 3-1 first move) one 
piece will suffice. This adds seven 
moves, carrying the total to 1 2 .  Con
sider next the 16 interior cells. A block 
of four (e.g., S, 9, 14, 15 ) cannot be 
jumped until at least one man has 
moved. It is easv to see that a minimum 
of four interior iJieces must be moved to 
break up all interior four-cell blocks. 
This brings the total of required moves 
to 16. Merson's shortest solution was I S. 
He wondered if the gap could be nar
rowed. 

To my amazement, one reader, Jolln 
Harris of Santa Barbara, Calif. , came 
through with the ultimate-an elegant 
16-move solution : 13- 1 ,  9-7, 21-9, 
33-2 1 ,  25-1 3-15-27, 31-33-2 1 -19, 
29-27, 16-2S,  24-22, lS-16,  6-1S ,  
36-24- 1 2 , 3-15-17, 35-33-2 1-23, 4-
16-1S-16-4, 1 -3-5-17-29-27-25-1 3-
1 .  Note that the final move is an "eight
ball sweep." The middle illustration on 
the opposite page shows the pattern just 
before this last move. 

The longest possible final chain is 
nine jumps. This was achieved by 
Donald Vanderpool of Towanda, Pa., 
at the close of an I S-move solution: 
1 3-1 ,  9-7, 1-13, 21-9, 3-15, 19-21-9, 
31-19, 13-25 , 5-3-15 ,  16-4, 2S-16, 
30-2S, I S-30, 6-1S, 36-24-1 2- 10 , 
33-2 1-9- 1 1 , 35-3:3-3 1-19, 17-15-13-
25-27-29-17-5-3-1 .  The position be
fore the final sweep is shown in the 
bottom illustration on the opposite page. 
Vanderpool also investigated low-order 
rectangular boards with a vacant corner 
cell, the last piece to occupy that cell. 
He reports no solution possible on 3 X 2, 

PARTIC L E  
AC CE LE RATORS 

FOR 
PE AK 

PE RFORMANCE 

SAMES accelerators provide a wide 
range o f  particles and radiations : 

Protons • Deuterons • Neutrons • 

Electrons • X-Rays. 

• Acceleration voltages of I SO, 300, or 
600 KV DC 

• Ion current ( P rotons or Deuterons ) to 

0 .6  rna continuous 

• Neutron outputs, D/T reaction to I x l OH 
n /sec continuous, to 5x l Oll n /sec p ulsed 

• Electron beam current to 2 rna 
continuous beyond window 

• X-Rays to 1 000 Roentgens/sec 

• Beam d iameters adjustable, 3 to I S  mrn 

• Beam pulsing available, 1 5  to 4000 p's 

Compact, reliable operation, with 
ready access for experimental changes 
and routine maintenance. 

Write for Brochure 200, Dept. 213 @l 

�f!!!!£{LED 
269 Commercial Ave., Palisades Park, N. J.  
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a unillue six-move solution (easily 
proved the minimum; readers may enjoy 
finding it ) on the 3 X 4, and generalized 
solutions for any 3 X 3n board when n is 
greater than 1, and any 3 X 3n + 1 
board. No solution has yet been found 
for the 3 X 5, or any other board of 
order 3 X 3n + 2. 

Space makes it necessary to defer dis
cussion of many letters that dealt with 
solitaire theory. Michael Rubenstein of 
Cleveland Heights, Ohio, called atten-

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

The 6 X 6 problem 

Eight-ball-sweep solution 

Nine-ball-sweep solution 

MORE THAN 

3,500,000 r _.-.-.- -..... --- -.-- -.-.-.- _.- - ----.-•• _ •• -

The Scicnl ir.c Bc\olution 
06,,,,,",;,,. of""'." .,- R'"�;"4"« .rt'''' anJ (,.f,,,,,,n 
"·"' '' I'''('''_ '1 '�( ''.''· ''·i,""jo'( ",,,,,,,,j. 71",,,, ",," 
_«.t"." J '«hHoI"&v, l.uJ"'! '" 'h. i"d�"".I .. ,'OIuM" 

The lIuman Population 

�:':'��:!:;��;;::'E�:E:z:�::E��3 
., ...... . ......,. .. 

THE LIVING CELL 
by lE.\. ... BRACIIET 

SCIENTIFIC 
AMERICAN O FFPR I NTS 

have been used in classrooms and laboratories. 

SCIENTIFIC AMERICAN Offprints are reproduced directly 

from the magazine, with full text, full illu stration and full 

color. As supplementary classroom readings they are un

matched for breadth of coverage, flexibility, timeliness and 

clarity of exposition. 

They cover a broad spectrum of current thought and re

search in the life sciences, the physical sciences, and the 

social sciences. More than 350 titles are now available, in

cluding many new articles from the June, July, and August 

1962 issues. 

Offprints may be ordered individually in any quantity, in 

any combination, at any time of the year at 20c each_ 

Send all orders and requests for complete listings to : 

W. H. FREEMAN AND COMPANY 
660 Market Street, San Fra ncisco 4, Cal ifornia 

and 
Hyde H ouse, West Central Street ,  London ,  W.C_ 1 
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4 • In seconds 

TYPIT ® 
Over 500 TYPIT symbols available. 

the typist  inserts TYPIT symbols as she types. 

2 T i3 + B rz + 2 H2 0  -> 2 B r  - + T i O++ + 4H+ 
S r 90 , Z n65 , C o60 , C S 137 , r131 
Call your local office equ ipmen t dealer 

DO YOU -HAVE 
A PROBLEM KEEPING 
THINGS HOT ? 

Then why not borrow a chapter 
from the Navy's Polaris i nertial 
guidance system shipping container 
program. Investigate the advan
tages of TRANSIT HEET® and 
its exclusive heat transfer system 
that requires no electrical power. 

TRANSIT HEET i s  a group of 
materi als h aving a high latent heat 
of fusion ranging from cryogenic 
to 500 ° F. With an exclusive accu
rate control (± 1 0 )  heat transfer 
system, these materials will main
tain precise temperatures at point 
of use regardless of the ambient. 

If you h ave a problem i n  this 
field, contact us for aid in  its 
solution. Write : W CRYO .THERM. inc. 

Box rz8S, Fogelsville, Penlls)'tVtlllia 

Precisio n - Con trol/eel Th ermoelynamic Sys tems 
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for addi tional information and 

catalog of symbols available, 

or wri te to address belo w. 

mechan i cal 
enterprises,  i nc. 

3 1 2 7  C o l v i n  Street,  
A l e x a n d r i a  8 ,  V i rg i n i a  

Science i n  the 
Cause of Man 

Revised 
by GERARD PIE[ 

T h e  P u b l i s h e r  of S C I F, N 'l' I F I C  
A )I E I1 I C A N  p r o 
roca t i r c l .v  pres e n t s  
t he choice between 
s c I  f - a nn i hi  I a l i o n  
a n d  f u l f i l l m e n t  t h a t  
n o w  confronts m a n .  

LIFE TODAY is quite as feasible as death. 
The choice of life involves all kinds of 

ethical . aesthetic. political . economi c ,  and 
social considerations, along with the sci 
entific and technological . Some contradict 
recei ved wisdom and demand re-examina
tion of buried premises." 

Thus Gerard Piel begins his brilliant ex
amination of the choice we must make now . . .  of why we cannot escape catas
trophe unless we take up the cause of man. 
M r .  Piel discusses t h e  pursuit of k nowl 
edge and happiness . . .  human ecology and 
the American dream . . public patronage 
of science . . . the thermonuclear arms 
race . the economy of abundance and 
underdevelopment . . .  secrecy and secur-
ity . . .  security and heresy . . .  our indus-
trial culture . . .  population . . .  resources 
. . .  revolution . . .  a stable peace. 

Lavishly praised by Vannevar Bush, J .  
Bronowski,  C .  P. Snow, Lord Boyd-Orr. 
Warren Weaver. 

A t  y01t1' bookseller, o r  mail $ 5 . 9 5  ( check 01' 
money order ) to : ALFRED A. KNOPF. Inc . ,  
Dept. N9- 1 1 4 .  2 3 9  Great Neck R d  ..  Great 
Neck ,  L .  1., N. Y. 

Name . . . . . . . . . . .  . 

Address . . . . . . . . . . . . . . .  . 

. . . . . . . . .  . . . . . . . . . . . . .  . N9- 1 1 4  

• • • 
• • • • 
• • • • 

The 3 X 4 board 

• • • • 
• • • • • 
• • • • • 

The 3 X 5 board 

tion to an analysis of solitaire by B. M .  
Stewart in his Theory of Nu.m bers . 
Sheldon B. Akers, Jr. , a mathematician 
at the General Electric Electronics 
Laboratory in Syracuse, N.Y., devised 
an ingenious procedure, essentially the 
same as the Charosh method reported in 
June, by which a single number is as
signed to any given solitaire position. 
All positions with the same number are 
considered "equivalent" in the Charosh 
sense. 

Robert L. Hutchings, a student at 
Magdalene College, Cambridge, report
ed an exciting breakthrough. He and a 
group of friends have gone beyond 
Charosh' analysis : they have discovered 
criteria with which one can demon
strate the impossibility of solving many 
problems that are in fact impossible but 
could not be ruled out by Charosh' 
method. Hutchings' group hopes to pub
lish its results soon, 

Gary D. Gordon, a physicist at the 
RCA Astro-Electronics Products Divi
sion in Princeton, N.J . , reported a re
markable discovery that he made 15 
years ago : The solution to  every solitaire 
problem, on any board, that has identi
cal first and last moves is reversible. 
That is, the jumps can be taken in re
verse order. This should not be confused 
with Leibniz' method of working back
ward by starting with an empty board. 
The beginning position remains the 
same; only the order of the jumps is re
versed. Thus in Harris' 16-move solu
tion to the 6 X 6 problem, the reversed 
solution starts with 13-1 ,  continues with 
25-13,  27-5 and so on, taking in the 
reverse order the jumps in the final 
eight-ball sweep. The result is a new 
solution in 31 moves. As far as I know, 
this beautiful symmetry property is 
nowhere mentioned in the literature on 
solitaire . 
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N U C L E A R  S C I E N T I ST S  & E N G I N E E R S 

OBJECTIVE AT UNITED NUCLEAR : 

PUT NUCLEAR 
ENERGY ON 

WHEELS 

I n  essence t h e  problem i s :  design , b u i l d  a n d  test a f u l l ·sca l e  n uc l e a r  power p l a n t  with ove r l a n d  porta b i l ity that  w i l l  
s ign ificantly exte n d  t h e  m o b i l ity of t h e  m o d e r n  m e c h a n ized a rmy. The M i l ita ry Compact Reactor ( M C R )  i s  b e i n g  
d eveloped b y  U n ited N u c l e a r  Corporation a n d  G e n e r a l  M otors Corporati o n ,  A l l ison D ivision ,  u n d e r  contract to t h e  
A E C .  U n ited N u c l e a r  is  u n derta k i n g  a l l  n u clear  p h a ses of t h e  p rogra m .  0 M C R  w i l l  be a h i gh·te m peratu re,  l i q u i d ·  
metal ·cooled syste m ,  c a p a b l e  o f  ge n e rat i n g  3000 KW. I t s  l i ght weight a n d  m o b i l ity w i l l  m a ke it  com pati b l e  with 

m i l ita ry f ie ld  operati o n .  MCR wi l l  a lso h a ve i m porta n t  civi l i a n  d efense and n a t u ra l  d i saster e m e rge n cy a p pl ica·  
t ions.  0 Pio n e e r i n g  adva n ces req u i red ca l l  for a n ew order of s h i e l d i n g  eff ic iency and very· h igh·perform a n c e  

m ethods o f  h e a t  tra n sfer.  0 U n ited N uc l e a r  is  u n i q u ely e q u i pped to solve t h e  new prob l e m s  posed by 
M C R .  T h e  compa ny's n u clear  exper ience reaches back to t h e  begi n n i n g of t h e  ato m ic e ra .  M a n y  of its 

scient ists and e n g i n eers have 10 or m ore years in the fie l d ;  an except i o n a l  n u m be r  hold Ph D's.  Some 
of the i m porta n t  progra ms,  m ost of which a re active and conti n u i n g, i n c l u d e : S u p plyi n g  n u c l e a r  f u e l  

e l e m e nts a n d  cores f o r  naval  p r o p u l s i o n  rea ctors / H e a l t h  Physics Researc h  Reactor ( FAST B U R ST) 
for B R E N  progra m ,  N evada Test Site a n d  O a k  R i d ge stu d i es / H ig h · perform a n ce l i q u i d · meta l 

loops for NASA expe r i m e n t a l  p rogra m s  / Design of B R · 2 ,  a l a rge,  versati le  materia l s  a n d  
e n g i n'eer i n g  test reactor for Ce ntre d ' Et u d e  d e  l ' En ergie N u cl e a i re ,  M o l ,  B e l g i u m  / 

PLATR p rogra m for cond u cti n g  heavy water n u c l e a r  p a ra m eter  stu d ies i n  a zero· 
powe r cr it ical  system / Deve l o p m e n t  of u n iq u e  a n a lytica l tec h n i q u e s  l ea d i n g  

t o  su bsta n t i a l  s h i e l d  weight red u cti o n s .  0 U n ited N u c l e a r  is e n gaged 
in every c o m m e rc i a l  phase of t h e  n u c l e a r  e n e rgy cyc l e ,  sta rt i n g  

with i t s  o w n  u ra n i u m  m i nes a n d  m i l l s ,  exte n d i n g  th rough 
f u e l  e l e m e n t  and reactor core d esign a n d  

fabrication t o  d e l ivery of com plete 
n u c l e a r  p l a nts.  

Engineers and scientists interested in advancing all aspects of reactor technology are invited to inquire about openings in: 
Power Plant Control Systems Design / R eactor Mater ia ls  Research / Sh ie ld ing  Theory / l iqu id Metal Systems Engineer ing / 
Reactor Physics / R eactor Design & Development / Crit ical  Exper imentation / Mathematical  R eactor Ana lysis / Th ermal & 
Stress Ana lysis / Coo l ing  Systems Design and  Development / Fac i l ity Design.  

Add ress you r i n q u i ry i n  confidence to: Di rector of Personnel ,  Dept. 5 1 J 

U N ITED N U CLEAR 
C O R  P O R A T I O N  

5 N ew Street Wh ite P la i ns,  N ew York 

An Eq u a l  O p p ort u n ity E m ployer 
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MAKING TRACKS IN  MAN'S CONQUEST OF COLD 
What-to-wear?  becomes a ve ry ser ious p ro b l e m  i n deed at 

30° be l ow. Chemstra nd ta ck led it  some t ime ago,  a n d  its 

resea rch tea m s  in t h e  polar regi o n s  a re m a k i n g  s ign if ica nt 

adva n ces in i n c rea s i ng the comfort and p rotect i o n  of s u b

zero c l oth i n g  a n d  i n  the deve l opment of h igh v i s i b i l i ty 

dyes. .. These activit ies a re typ i c a l  of the creativ ity a n d  

zea l w i t h  w h i c h  Chemstra n d  i s  p u rs u i n g  a l l  the oth e r  l i m i t-

less poss i b i l i t i e s  of the polymer a n d  the f i bers wh i ch i t  

has,  a n d  wi l l ,  give m a n k i n d .  .. I f  you r  o w n  creativity 

a n d  zea l a re see k i ng the whol ly u nfettered a n d  tota l l y 

rewa rd i ng type of opportu n i ty that a bo u n d s  with th i s  re

sea rch-or iented, v igoro u s l y-expa n d i n g  leader in a l i m it less 

f i e l d ,  write today to M a nager, E m p l oyment-Recru itment,  

C h e m stra n d  Com pa ny, Dept.  SA62,  350 Fifth Ave n u e ,  N. Y. 

CJ-EMsrRANJ 
C O M P A N Y 

A D I V I S I O N  O F  M O N S A N T O  C H E M I C A L  C O M P A N Y  
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THE AMATEUR SCIENTIST 

Conductcu hy C. L. Stong 

A 
fascinating and essentiallv simple 
electroplating process known as 
polarography has in recent vears 

been developed into an eXlluisitely sen· 
sitive method of chemical analysis. As 
a means of identifying chemically re
ducible constituents in compounds and 
measuring their respective concentra
tions, it surpasses spectrograph v in sen
sitivitv and matches the analytieal 
power of radiochemistry. Yet in its essen
tials the polarograph has changed little 
since its invention in 1925 by the 
Czechoslovakian chemist Jaroslav Hev
rovskY. In its simplest form the instru
ment consists of a small electrolysis ccll 
and a battery and volt-microammcter. 
Positive ions of substances in the elec
trolysis cell pick up electrons at the 
negative electrode of the cell; this neu
tralizes the charge of the ions and trans
forms them into atoms. Hevrovsk5' ob
served that if the area of the cathodc is 
verv small, the voltage at which ions 
ae'luire electrons from it is characteristic 
of each substance and that the accom
panying current varies in direct propor
tion to the concentration of the sub
stance that is under analysis. To make 
an analysis he simplv added the un
known substance to a solution of a sub
stance known as a supporting eleetro
lyte, gradually increased the voltage 
across the cell from zero and simultane
ouslv measured the current. A graph 
macle by continuously plotting the ap
plied voltage against the current served 
both as a llualitative and a yuantitative 
anah'sis of the unknown compound. 

I,; spite of the simplicity and power 
of the method, polarography attracted 
little interest immediately following its 
invention, largely because characteristic 
voltages had been determined for only 
a few substances. But by 1940 both the 

How to build a polarograph, a sensitive 
instnllnent for lnaking chelnical analyses 

theorv and the procedural details had 
been reported in some 2,000 papers and 
a comprehensive treatise had been com
piled by 1. \1. Kolthdf of the Universitv 
of ,Vlinnesota and James J. Lingane of 
Harvard Universi-y (see "Bibliog
raphy"). These publications laid a foun
dation of informati( n for the eX'llosive 
growth of the method in recent vears. In 
1959 Hevrovsky received the :\lob:;! 
prize for originating polarogmphv, and 
today no chemical Lboratory is consid
ered complete without the instrument. 

Commercial polarographs range in 
price from $500 to $2,000. But Sam 
Epstein, chief chemist of the Federated 
Metals Division of the American Smelt
ing and Refining Companv in Los 
Angeles, has designed an instrument 
that ean be constructed at home for less 
than $75. It detects and measures sub
stances diluted to .0001 mole per liter of 
solution. (One mole is equal to 6.02 
X 10:t:l atoms or molecules of anv sub
stance. ) 

"The prineipal distinction between 
the polarograph and other devices, such 
as lJH meters, that emplov electrolysis 
cells," Epstein writes, "is found in the 
negative electrode (cathode), which 
consists of a small drop of mercury that 
constantly renews itself as mercury Bows 
from an elevated reservoir through a 
eapillarv tube. This arrangement con
tinuously removes from the vicinity of 
the cathode the products of electrolytic 
reaction that would otherwise interfere 
with the analvsis. The positive electrode, 
which has a large surface compared with 
that of the cathode, is most commonly 
a pool of mercury at the bottom of the 
cell or a saturated-calomel electrode, the 
construction of which will be described. 

"The accompanving circuit diagram 
[top left on next page] indicates the 
basic simplicity of the polarograph. To 
measure the characteristic potential at 
which an oxidized substance is reduced, 
the electrolysis cell is first filled with 
supporting electrolyte; one of the most 
frequently used is an aqueous solution 
of potassium chloride. The electrolvte 
provides a conducting path through the 

cell but does not interfere with the re
duction of specimen compounds because 
potassium ions decompose at a higher 
potential than do most other substances. 
Now suppose that a small amount of 
nickel is added to the electrolyte in the 
form of a salt and that a gradually in
creasing voltage is applied to the cell. 
The resulting current-consisting of 
clectrons Howing into and charging the 
cathode in addition to a few electrons 
associated with the reduction of impuri
ties in the electrolvte-will amount to 
only a fraction of a microampere until 
the voltage exceeds the potential at 
which nickel ion decomposes. In effect 
the junction between cathode and solu
tion constitutes a high-resistance circuit. 
At a sufficient potential, electrons are 
transferred from the cathode to neigh
boring ions of nickel; the current in
creases to a maximum limited only by 
the rate at which nickel ion diffuses from 
the electrolyte to the surface of the 
cathode. The rate of crffusion is gov
erned by the concentration of nickel ions 
in the solution. The difference between 
the residual current and the maximum, 
or 'limiting,' current is known as the dif
fusion current and is proportional to the 
concentration of nickel ion. Atoms of 
metallic nickel so reduced deposit on 
the cathode, as in conventional electro
plating, and form an amalgam with the 
mercury. 

"The decomposition potential is often 
difficult to determine precisely. It has 
therefore become standard practice to 
observe the slightly higher voltage that 
corresponds to the point on the graph 
midway between the residual current 
and the limiting current. The graph, in
cidentally, is conventionally referred to 
as the polarographic wave and the volt
age at which reduction occurs as the 
half-wave potential [see illllstmtion at 
top right on next page ] .  Tables of char
acteristic half-wave potentials for man v 
elements and compounds can be found 
in most chemical handbooks. 

"A practical polarograph designed for 
amateur construction requires only five 
resistors of half-watt size, a two-watt 

247 

© 1962 SCIENTIFIC AMERICAN, INC



DRAWING BOARD NEWS @ 
... � ..............•.......•. 

Published by Chart-Pak, inc., 

originator of the 

tape method of drafting 

-----_-. ..... _ -

CHARTS, GRAPHS A SIMPLE 
PRESS-DOWN PROPOSITION 

WITH CHART- PAK TAPES 
Chart-Pak materials are great work
savers for anyone making charts, 
graphs, drawings, maps or other 
visual presentations. 

They eliminate drawing and 
filling-in most of the lines, bars, 
shapes, symbols, etc. These elements 
come on heat resistant pressure-sen
sitive tapes or sheets - are just 
pressed in place. 

Chart-Pak reproduces beautifully 
- changes easily - won't come oft; 
by mistake. 

•••••••••••••••••••••• 

"Instant" shadings and 
colors big help, tOO! 

Exclusive "Tape·Saver" Package 
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Crosshatching, 
stippling, Ben 
Day tones, or 
colors are easy 
to add to draw
ings with Chart
Pak's "Contak" 

Shading and Color Tint Films. 
They press on without bur
nishing-are surface printed 
-won't peel or slide, even in 
hot reproduction processes. 
72 shadings in black on white 
and reverse - 27 transparent 
colors. 

Write for new cata
log of mate rials 
that help take the 
chore out of chart
ing and drafting . • • 

-J!3-volt battery 
potentiometer 

Circuit diagram 0/ simple polarograph 

potentiometer, a lOa-microfarad capaci
tor, a microammeter and the electrolysis 
cell assembly together with four 
switches, a three-volt battery and 
mounting hardware. The accompanying 
circuit diagram [below) depicts what is 
in effect a simple volt-microammeter 
with a self-contained battery. When the 
double-pole, double-throw switch is in 
one position, the meter indicates the 
voltage across the cell; with the switch 
in the other position, the current is indi
cated in microamperes. The capacitor 
merely suppresses the movement of the 
pointer as drops of mercury, falling from 
the cathode, periodically interrupt the 
current. The rotary selector switch 
adapts the meter for measuring voltage 
in three ranges, X 1, X 2 and X 5, with
out readjustment of the battery voltage. 

"A centrifuge tube of approximately 

III� 

,f) 
V 
l
V 
Q 
E 
� 
a 
.. 

lim itillS current 'I 

current 

v re.sidUdl _1 E current 

o volt:, 1- -, 2 
half-wave potentia.l 

Idealized polarographic wave 

40-milliliter capacity serves as the elec
trolysis cell, and the cathode is a capil
lary tube approximately 21 centimeters 
long, supplied by mercury from an ele
vated reservoir as shown in the accom
panying drawing [ page 250). The flexi
ble tubing between the reservoir and the 
cathode capillary should include a two
way stopcock for draining mercury from 
the apparatus after use. The bore of the 
capillary should not exceed .002 inch, 
and the lower end should be cut square 
so that it is perpendicular to the bore 
within five angular degrees. The height 
of the mercury reservoir should be ad
justed so that mercury flows from the 
capillary at the rate of one drop every 
three or four seconds. The capillary 
should be clamped to operate verticallv. 
Electrical contact between the mercury 
and the meter circuit must be made by 

t"" 0 1 )2-vo It 
heavy-duty d,-y cells 

/ 
Sl 

100.12, 2-Wcltt 
ganged 

SWitches 

500n 

0-50 InlcrO-

S f ammetct' D. C . 

1.58K 

all t'esi stors 
1% tolerance 

t � �::�:�\2() 
.3 lOOp . , 15v 

� I � d"lmping conden.:;eY' 
Schematic diagram 0/ Epstein polarograph 
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The great paradox of our time, perhaps of all time, is that peace depends on eur .capacity to fight a war. Thus the person who contributes to our military 
strength, contributes to the cause of world peace. 

MITRE's contribution is the design o{command 
and control systems to give our military command
ers the means to detect attack and retaliate .. 

The men who design these systems must think in 
terms of war and military operations - weapons, 
logistics, communications, intelligence, ability to 
destroy and ability to survive. They must be able to 
predict and solve the problems of future military 
command within the reality of existing or predict
able electronic capability. 

We call this "Military Command Technology." 

MITRE's specific assignment is the design, de
velopment, evaluation, and integration of several 
interrelated, constantly evolving systems. It en
compasses Command Systems (such as NORAD) ; 

Control Systems (such as SAGE); Intelligence Sys
tems (such as MIDAS); and Warning Systems 
(such as BMEWS). 

The work involves important new areas of tech
nology in such fields as communications, intelli
gence, space surveillance, survivability, computer 
applications, data processing and other electronic 
techniques. 

MITRE is located in pleasant, suburban Boston. 
Requirements: B.S., M.S., or Ph.D. in these dis
ciplines - electronics, physics, and mathematics . 
Rewards are competitive. Openings also available 
in Washington, D.C. and Colorado Springs, Colo. 
Write in confidence to 
VicePresident-Tech
nieal Operations; The 
MITRE Corporation, 
Box 208, Dept. 9000, 
Bedford, Mass. 

THE _____ _ 

M IT.RE 
CORPORATION 

How would it be fought? 
What would this nation' s stmMgp be? 

What kind of decisions would have to be made? 
How would the commander command? 

Who and what would survive? 
MITRE is an independent, nonprofit corporation working with - not in competition with - industry. Formed 
under the sponsorship of the Massachusetts Institute of Technology, MITRE serves as Technical Advisor to the 
Air Force Electronic Systems Division, and is chartered to work for such other Government agencies as FAA. 
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slit stopper 

� 

mercuyy 
head 

I 

slack 
Tygon tube" 
for adjust
ing mer

to make threading 
of cctpi IIary easier 

cury head 

mer-cury 

chussis for 
meter C;Ycuits 

Polarograph designed for home construction 

platinum electrodes. The electrodes can 
consist of No . 36 platinum wire one 
centimeter long, sealed in the end of a 
quarter-inch glass tube and equipped 
with a copper lead, as shown at the right 
in the accompanying drawing [page 
252]. Three platinum electrodes are re
quired: one for the saturated-calomel 
electrode, another for an electrolysis cell 
employing a mercury anode and the 
third for connecting the negative lead of 
the metering circuit to the mercury res
ervoir. 

"The saturated-calomel electrode and 
agar-potassium chloride bridges that 
couple it to the electrolysis cell consist 
of 40-milliliter centrifuge tubes and U 
loops of quarter-inch glass tubing, with 
chemicals and associated hardware as 
shown. The mercury, calomel paste, 
solid potassium chloride and saturated 

potassium chloride solution are prepared 
and placed in sequence in one of the 
centrifuge tubes .  The relative propor
tions are not critical and can be judged 
from the illustration. Some care must 
be exercised, however, in preparing the 
agar-potassium chloride bridges, which 
protect the saturated-calomel electrode 
from contamination by the test solutions. 
To prepare the bridges, soak four grams 
of agar in a small beaker containing 100 
milliliters of distilled water, preferably 
overnight. Then place the small beaker 
in a larger one of boiling water and heat 
until the agar is fully dissolved. Add 30 
grams of potassium chloride and, with 
the beaker still in the boiling water, stir 
until dissolved. If necessary, add just 
enough water to dissolve the salt com
pletely. Then invert the U tubes, fit the 
ends with short sleeves of rubber tubing, 
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• Atomic Energy Commission selection of Allison as prime 
contractor for development of a Military Compact Reactor 
(MCR) creates challenging, new opportunities for Engineers 
and Scientists in a substantial, long-time program in the 
nuclear field. 

The MCR is a lightweight, completely self-contained nu
clear fission power system-easily transportable by truck, 
aircraft or rail-designed to provide electric power in re
mote areas. It will have a high temperature, liquid metal 

cooled reactor coupled to a power conversion system. In
corporating long plant life characteristics compatible with 
military field equipment, the power plant is expected to 
reduce the burden which shipment and storage of petroleum 
imposes on combat forces. 

Allison will design and develop the overall power system 
-(capable of generating 3000 kw)-with other GM divi
sions taking part in specific phases of the program. 

Our need is urgent for additional, high calibre engineering and scientific personnel. 
Advanced degrees and minimum of 3 years experience in following areas desirable: 

NUCLEAR POWER SYSTEMS ANALYSTS-(Powerplant 
Dynamics)-Nuclear or Electrieal Engineers with broad 
background in areas of steady state powerplant performance 
and transient or dynamic analysis. 

(Thermal Hydraulic)-Mechanical Engineers with back
ground in liquid metal heat transfer, fluid dynamics and 
gas turbine thermodynamics. 

(Hazards)-Nuclear Engineers with background in def
inition, analysis and evaluation of nuclear powerplant safety 
and hazards. 

(Mechanical)-Mechanical or Chemical Engineers with 
background in nuclear powerplant layout, nuclear power
plant mechanical integrity and high temperature component 
design. 

(Electric Power)-Electrical Engineers (Power Systems) 
with background in steady state system performance and 
power system stability. 

REACTO R PHYSICISTS-(Analytical)-Physicists with sub
stantial experience in reactor physics field to analyze nu
clear behavior of projected reactors; generate new concepts 
in design or control of nuclear reactors. 

(Experimental)-Physicists, preferably nuclear, with ex
perience in experimental nuclear physics, to analyze and 
evaluate experiments on compact reactor core configura

tions. 
(Shielding)-Physicists with capabilities in nuclear re

actor shielding, including experience in experimental shield
ing investigations and associated minimum weight shield 
configurations. 

NUCLEAR REACTOR DESIGNERS-Mechanical Engineers 
with nuclear experience or training. Extensive experience in 
layout and detail design of structures and mechanisms oper
ating under conditions of high temperature, thermal stress, 

irradiation and oorrosion, and with close dimensional toler
ances. 

HEAT TRANSFER SPECIAL ISTS-Experience with liquid 
metal heat transfer preferred. To plan, analyze and conduct 
research programs involving liquid metal boiling and con
densing heat transfer, convective heat transfer, and radiant 
heat transfer. 

ELECTRICAL ENGINEERS-(Power Systems)-Power s�s
tem engineers for study of MCR applications. Experience 
in design of central station or standby powerplants, with 
knowledge of load analysis, synchronous machines, switch
gear control and specifications. 

(Instrumentation Systems)-Nuclear or Electrical En
gineers with instrumentation or control experience for de
sign of MCR console, instrumentation, and data transmis
sion link. 

(Design)-EIectrical Engineers to design controls and 
switch gear. Also, EE's to conduct studies on electrical 
power systems, including load analysis and stability require
ments. 

Openings available NOW. A promising future for those 
who qualify is available in the creative environment at 
Allison-plus all the opportunities and advantages offered 
through an organization with the character of General 
Motors. Interested? Let us hear from you. Send your re
sume or write to: Mr. V. A. Rhodes, Professional and 
Scientific Placement, Dept. 215, Allison Division, General 
Motors Corporation, Indianapolis 6, Indiana. 

An equal opportunity employer 

Energy ConversIOn Is Our Business 

ALLISON DIVISION, GE N E R A L MOTORS CORPORATION 

25 1 
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With artificial satellites already launched and 
space travel almost a reality, astronomy has 
become today's fastest growing hobby. 
Exploring the skies with a telescope is a 
relaxing diversion for father and son alike. 
UNITRON's handbook contains full·page 
illustrated articles on astronomy, observing, 
telescopes and accessories. It is of interest 
to both beginners and advanced amateurs. 

CONTENTS INCLUDE: 
Observin, the sun, moon, planets and wonders or the sky' 
Constellation map· Hints ror observers. Glossary or telescope 
terms • How to choose a telescope' Astrophotolraphy 

UNIT!?ON 
INSTRUMENT COMPANY· TELESCOPE SALES OIV. 
66 NEEDHAM ST., NEWTON HIGHLANDS 61, MASS. 

I Please rush to me, FREE of charge, 
IUNITRON'S OBSERVER'S GUIDE and TELESCOPE: 
I CATALOG #6-F • 
I I 
: Name = 
I • 
I Street : I • 
L� __________ ..!'!!: ____ J 

PHOENIX 
GOODYEAR AIRCRAFT 

(Arizona Division) 
offers career opportunities that will chal
lenge your talent in the technical areas 
listed below. 

SR. DEY. ENG'RS. 
Develop wideband i-f amplifiers, i-f oscil
lators, i-f isolation amplifiers, and related 
circuits. 

Develop microwave circuits and equip
ment including wave-guide assemblies, 
and related circuits. 

Servomechanisms. Develop and design of 
antenna stabilization servo systems. Film 
drive control systems. 

Develop radar transmitters and modula
tors including pulse forming networks, 
transformers, protection circuits, X-band 
amplifiers and related circuits. 

Display and pulse circuits. Develop dis
play circuits and controls. Bomb naviga
tion cross hair circuitry. 

SR. DESIGN ENG'RS. 
Optical design and development. Design 
lenses and complete optical systems. 

SR. PACKAGING ENG'RS. 
Layout packaging and detailing layout of 
electronic sub-assemblies including i-f and 
r-f units. 

Request Appl ication or Send Resume to: 

M. J. McColgan, 
Engineering Personnel 

Goodyear Aircraft Corporation 
Litchfield Park, Arizona 

An equal opportunity employer. 

Similar positions at Goodyear Aircraft 
Corporation, Akron, Ohio. 

2 5 2  

capi Ildry ft"orn mcrcut'y 
21 cm.long 

Z"of 
ban: 

copper 
wire 

mercury 
pdste of equal 

pad� ofKCI and 
Hg;!. CI;!. moi�-tencd 

with :;aturated mercury 
K CI solution platinum wire 5calcd 

in soft gla5s tubing 
Details of electrolysis cell for polarograph 

clamp and fill with the agar solution as 
shown in the accompanying drawing 
[top of page 254) . The agar solution 
must completely fill the bridge tubes and 
flexible sleeves, or air bubbles may be 
trapped when the tubes are inverted in 
the solutions. In spite of the best care, 
the agar eventually becomes contami
nated, producing erratic results. To re
place it, disassemble the apparatus, put 
the bridges in boiling water to melt the 
agar, rinse them thoroughly and refill. 

"All mercury except that in the sat
urated-calomel electrode and the reser
voir should be stored in narrow-mouthed 
polyethylene containers with screw caps. 
Work in a well-ventilated room without 
rugs or other fabric floor covering, so 
that mercury spilled accidentally can be 
cleaned up. Should mercury be spilled, 
collect as much as possible with a scoop 
made of sheet copper. The inner surface 

of the scoop should be amalgamated 
with mercury before use. The micro
scopic droplets remaining are recovered 
by sprinkling the area with finely di
vided zinc or copper moistened with a 
10 per cent solution of hydrochloric acid. 
It is essential always to have these ma
terials ready for action. Don't let mer
cury run down the drain! Even a seem
ingly small amount can poison the air 
in a small closed room. When a sizable 
amount of used mercury has been col
lected, it should be cleaned as described 
in the Handbook of Chemistry and 
PhysiCS, but do not heat the material as 
recommended in the handbook. The 
polarograph requires two pounds of 
mercury of the grade used by dentists. 
[Most of the required components and 
chemicals can be bought locally from 
druggists and dealers in scientific sup
plies. Parts specially selected for the 
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When it Comes to 
Colonizing the Moon. • • 

Chances are the regenerative liquid meta 
developed by Allison-will be "on location' 

This revolutionary new power source 
could serve as the vitally important power 
plant for lunar colonization. 

Allison-whose guiding theme is "En
ergy Conversion Is Our Business"
scored a major break-through with the 
invention of this new type of liquid 
metal power source. It's a forward step 
which, for the first time, makes possible 
continuous operation of a thermally re
generative electrochemical cell. It's de
signed for use in combination with nu
clear, solar, or chemical energy sources 
to provide primary power for orbital 
space stations, large military supply ve
hicles, as well as numerous other flight, 
stationery, and under-sea installations. 

Devices such as solar reflectors, elec
tromagnetic propulsion systems, ther
mionic generators and the liquid metal 
cell represent areas of concentration in 

cases-both steel 
and titanium-for 
M i n u t e m a n  
ICBM. Too, Alli
son has developed 
an attitude and ve
locity control de
v i c e  t o  a p p l y  
"power steering" 
f o r  m i s s i l e  a n d  
space craft from 
small to the largest 
t y p e s  s u c h  a s  
Nova. 

Along with its 
missile and space 

activity, Allison is maintaining its envi
able position as designer and producer 
of air-breathing engines by developing 

more advanced types of air-breathing 
engines; turbo-prop engines with a re
generative cycle for maximum fuel econ
omy to increase aircraft range as much 
as 35%; a compact, lightweight, small 
turbo-prop selected as the powerplant 
for the Army's next generation of Light 
Observation Helicopters, and thermally 
regenerative gas turbine engines for a 
wide range of vehicular and industrial 
use. 

But that's only part of the Allison 
"Energy Conversion" story. How about 
the unexplored future? There is a place 
for you on our Allison-GM team. 

Here are the challenging work areas where we have immediate require
ments for men with experience and advanced degrees-engineers, scien
tists, physicists and mathematicians-in the diSCiplines described: 

which our engineers and scientists have 
made notable advances. 

In the missile field, Allison is produc
ing first and second stage rocket engine 

RESEARCH 
Theoretical and experimental studies 

of magnetofluidynamics, electron 
emission, and other physical processes 
i nvolved in plasmas for power genera
tion and space flight propulSion. 

Two-phase liquid metal technology 
and liquid metal heat transfer. 

AnalysiS and experimental investiga
tion of liquid metal fuel cell nuclear 
conversion system. 

Design and development of nuclear 
and solar solid state energy conversion 
systems. 

Studies of nuclear power system de
sign. 

Study and preliminary design of ad
vanced power systems for space and 
terrestrial use. 

Heat transfer research for missiles, 
space and nuclear systems. 

Reactor analysis for various reactor 
design studies. 

Design and evaluation of fluidynamics 
problems in three dimensional super
sonic flow. 

TURBINE ENGINES 
Design of advanced air-breathing en

gines, for aircraft, vehicle and indus
trial applications. 

Advanced system studies aimed to
ward propulsion for advanced aircraft. 

Design of specific turbo-machinery 
for use in the industrial field. 

Design from layout stage, advanced 
versions of thermally regenerative 
turbo-prop and turbo-shaft engines. 

ROCKET MOTOR HARDWARE 
Analytical support and engineering 

analysiS of hot gas dynamics, combus
ti on, structural design and contro I 
system synthesis. 

Design and analysis of nozzles for 
solid propellant rocket engines; con
ceptual design of advanced nozzles, in
cluding regeneration and sublimation 
cooling. 

Trade-off studies for rocket engine 
components; provide product planning 
information. 

If you are qualified and interested in a 
promising career with Allison, send your 
resume today, or write for additional in
formation: Mr. V. A. Rhodes, Profes
sional and SCientific Placement, Dept. 
411, Allison Division, General Motors 
Corporation, Indianapolis 6, Indiana. 

An equal opportunity employer 

Energy Conversion Is Our Business 
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\ ;;, Cut rubber � . (F'�II both 
tubing here 1\ 1 Y, I I tube$ with 
and ,.emove tJJ agor and Hel 
Yemaining � solution to 

sleeve � thi::. level 
I�'::r ) -. \.-

Salt bridges clamped for charging 

construction of Epstein's design can be 
ordered individually or in kit form from 
Henry Prescott, Main Street, Northfield, 
M ass.] 

"Set up the completed apparatus as 
shown and fill the reservoir ( filter fun
nel ) about half-full of mercury. Switch 
the stopcock to feed the capillary with 
mercury and adjust the rate of flow by 
increasing or decreasing the height of 
the reservoir so that a pinhead-sized 
drop forms and falls every three or four 
seconds. Close the stopcock and return 
the mercury to the reservoir. 

"An interesting experiment for check
ing the apparatus and acquiring experi
ence with the procedure is based on the 
detection of dissolved oxygen. The sup
porting electrolyte consists of dilute 
potassium chloride that has been shaken 
several minutes to assure that it contains 

15 r-----.-----�-----r----�--_, 
reduction of 
potcusium 

+ 1- �  '1> 

.. "--H"O.2-H�O 
H:>,O", f 0 IL-_-'-__ -'-__ -L. -_�_....J 

o .5 1 1.5 2 
applied E.M.r.(volt.5) 

Polarographic wave of dissolved oxygen 
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EASTERN OPERATION 

Sylvania Electronic Systems 
100 First Ave., Waltham 54, Mass. 

CENTRAL OPERATION 

Sylvania Electronic Systems 
1100 Wehrle Dr., Williamsville 21. N. Y. 
WESTERN OPERATION 

Sylvania Electronic Systems 
P.O. Box 188. Mountain View. Calif •. 

SYSTEMS ENGINEERING 

& MANAGEMENT OPERATION 

Sylvania Electronic Systems 
40 Sylvan Road, Waltham 54, Mas:;. 

APPLIED RESEARCH LABORATORY 

Sylvania Electronic Systems 
40 Sylvan Road, Waltham 54, Mass.' 

PRODUCT SUPPORT ORGANIZATION 

Sylvania Electronic Systems 
1210 VFW PkWY., West Roxbury, Mass. 
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Evolving ENGINEERS - S C I ENTISTS 

the Art and Science of Electronics 
for the Space Age 

The electronics family tree has grown prodigiously from the seeds Clerk Maxwell planted. Today it is putting' 

out vigorous new branches: in space/earth communications; in electronic reconnaissance, detection, counter· 

measures; in information handling; in complex systems for military command and control of many systems. 

A major contributor in all these areas is Sylvania Electronic Systems, a multi·unit organization of laboratories, 

plants and product support for installations around the free world. This major Sylvania division also conducts 

a large scale Systems Engineering and Management Operation responsible for planning, engineering and direction 

of major government contracts for the parent company, General Telephone & Electronics. 

EXPANDING HORIZONS OF DISCOVERY AND OPPORTUNITY WITH SYLVANIA ELECTRONIC SYSTEMS 

Here a talented man can concentrate on the electronics field of his choice and enjoy advancement opportunities 

at any of 17 research and advanced development laboratories, or with SES's Product Support Organization at 

sites throughout the world. He can change his field, if new interests develop. He can specialize, or become a 
generalist. Behind him is the stability of the entire GT&E complex. 

OPPORTUN I T I ES AT SYLVANIA ELECTRON I C  SYSTEMS LOCAT IONS _______ _ 
APPLIED RESEARCH LABORATORY 

(Suburban Boston) 
Waltham, Mass. 

EASTERN OPERATION 

(Suburban Boston) Laboratories at. 
,Waltham, Mass. 

, -

(Suburban Boston) Laboratories at 
Needham, Mass. 

PRODUCT SUPPORT ORGANIZATION 

(Suburban Boston) 
West Roxbury, Mass. 

SYSTEMS ENGINEERING and 
MANAGEMENT OPERATION 

(Suburban Boston) Division 
Headquarters at Waltham, Mass. 

CENTRAL OPERATION 

Central Research Facility for Entire Division�Conducts basic 
& applied investigations related to electronic systems in
cluding communications, information processing, radio and 
space physics, space techniques, mathematics, engineering, 
operations research. 

Systems Engineering laboratory; Microelectronics Labora
tory; Antenna & Microwave Laboratory; Radio Frequency 

,Laboratory. 

Programming & Analysis Laboratory; Computer Laboratory; 
Data Conversion Laboratory; Display & Instrumentation 
Laboratory. 

The organization which assures maximum customer utiliza
tion and field support of advanced electronics systems 
around the Free World. 

This operation provides advance planning, systems engi
neering and management to the government for major 
GT&E defense, command and control, and space systems. 

Advanced Communications Systems Laboratory; Product 
Engineering Laboratory; Product Development Laboratory. 

RESEARCH ASSIGNMENTS IN: 

(1) Secure Communications Techniques 
(2) Perception & Learning Theory 
(3) Character Recognition 
(4) Speech Recognition 
(5) Operations Research 

R&D ASSIGIIMENTS III: 

(6) Phased Array Radars 
(7) Optical Data Sensing Systems 
(8) Electroluminescent Display Systems 
(9) Microwave & Antenna Systems 

(10) Circuitry & Systems Development 
& Analysis 

R&O ASSIGNMENTS IN: 

(11) Digital Control Systems 
(12) Special Purpose Data Processing 
(13) Programming Research 

FIELD EIIGIIlEERIIIG ASSIGIIMENTS IN: 

(14) Continental U.S. and Overseas 

OPPORTUNITIES IN: 

(15) Advanced Systems Planning 
(16) Installation, Test and Customer Training 

R&D ASSIGNMENTS IN: 

(17) Secure Communication Systems (Suburban Buffalo) Laboratories at 
Williamsville, N. Y. (18) Microwave, Millimeter & Optical Systems 

(19) Countermeasures Systems 
(20) Navigation a I Systems 
(21) Antenna, Transmitter & Receiver 

Techniques 

WESTERN OPERATION Electronic Defense Laboratories (Advanced Systems & R&D ASSIGNMENTS III: 

(Suburban San Francisco) Equipment Engineering); Reconnaissance Systems Labora- (22) Anti-intrusion anti·missile systems 
Laboratories at tories (Systems Technology & Development Engineering). (23) Reconnaissance Systems 
Mountain View, Calif. (24) ECM & ECCM Techniques 

NOTE: Sylvania Electronic Systems also operates production facilities at Santa Cruz, Calif.; Muncy, Pa.; Buffalo, N. Y.; Needham, Mass. 

I am interested in 
assignments in the 
areas circled: 

2 3 4 5 6  

7 8 9 10 11 12 

13 14 15 16 17 18 

19 20 21 22 23 24 

Degree(s) 
and Year(s) 
Obtained: 
BS: 19 __ 
MS:19 __ 
PhD: 19 __ 
Title of 
Present 
Position: __ 

For further information about openings with Sylvania 
Electronic Systems, fill in coupon and mail to your 
location preference-
Attention: MANAGER, PROFESSIONAL STAFFING. 

Name' _______________________________ __ 

Address' ______________________________ ___ 

Ci!J, ____________ ..£zane-State'..;' ___ _ .An Equal Opportunity Employer 
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how to 
pedal 
a 
re-cycle 
I f  you ' re goi n g  a ro u n d  i n  c ircles beca use 
process gases pick u p  conta m i n a nts 
every t i m e  they go t h rough th e cycle,  
give activated c h a rcoa l a whir l .  Appl ica
b l e  to al l  types of processes, activated 
c h a rcoa l fi lter beds p u rify easi ly a n d  
eco n o m i ca l ly;  ca n be used a l o n e  or  a s  
the l a st stage o n  a tough tra i n .  I t ' s  a 
good way to stra ighte n  out a n  i rreg u l a r  
re-cycl e  c i rcle.  

don't � 
stew ., \.4 
in sti r 
If yo u ' re h a ndcuffed to an i m p u re hyd ro
c h l oric acid problem don 't stew, sti r with 
gra n u l a r  a ctivated charcoa l (fixed beds 
work eq u a l ly wel l ) .  I t  pu rifies either 
vapor phase or aq ueous hyd roch loric 
acid for p rofita ble  sale  or  re-use.  Don't 
be a prisoner to orga n i c  i m pu rities. Try 
activated c h a rcoa l .  It 's ca ptivati ng. 

how to 
foi l  
the o i l  

, 
Vi l l a i n  i n  the co m p ressed a i r  sto ry is 
Oi ly  Vapors ( h i s-s-s ! ) ,  but yo u r  h e ro ca n 
be Activated C h a rcoal ( h u rra h ! ) .  Wheth
e r  tackl i ng oil  vapor o r  m i st, a ctivated 
c h a rcoal a l ways wi n s ;  adsorbs concen
trati o n s  a s  s m a l l  as one part per b i l l i o n .  
C o m p r e s s e d  a i r  a l wa y s  r e a c h e s  t h e  
sce n e  - clea n - with a major onstage 
assist from activated cha rcoa l .  

activated 
charcoa l 
Activated charcoa l a cts as a molecular  
sponge, p u rifies a i r, gases a n d  l i q u ids,  
recovers s o l ve nts,  cata l yzes,  rem oves 
odors a n d  i m p u rities. Write fo r Literatu re 
G ro u p  62-8A. Barne bey-C heney, Co l u m 
bus 1 9 ,  Ohio.  

Barnebey Cheney 
2 5 6  

(Cl amp h e re a n d  p u m p  t o  s t a.y t 
Th e n  m o v e  c l ll m p  to h c t" c  . / �mp h e y €:  to flow th e a c i d  b a c k  

p u m p 
m Q :;sy 

Hydrogen generator with scrub bing train 

an appreciable amount of dissolved air. 
Incidentally, the supporting electrolyte 
constitutes the bulk of the dissolved ma
terial in all test solutions . Its concentra
tion, particularly if the substance under 
analysis is ionic, must be at least 35 
times that of the substance under analy
sis and usually even more. When the 
ions of the supporting electrolyte out
number those of the specimen by a ratio 
of this magnitude, the rate of migration 
of the ions under analysis through the 
electrolysis cell is negligible . 

"The extreme sensitivity of the po
larograph restricts the experimenter's 
choice of test materials to reagent grade 
chemicals. Distilled water must be used 
not only for making up test solutions but 
also for rinsing the apparatus between 
tests and preparing it for storage . N or
mally the strength of solutions is ex
pressed in terms of molarity . One mole 
of a substance is equal in grams to the 
sum of the atomic weights represented 
in the formula of the substance . The 
atomic weight of potassium, for ex
ample, is 39 . 1  and that of chlorine 35 .5 .  
The sum of the atomic weights constitut-

1 5 r-----�----,------r-----r, 
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a. p p l i e d E. M.F. (vo l ts) 
Wave of deoxygenated electrolyte 

ing potassium chloride, a compound 
consisting of one atom each of potassium 
and chlorine,  is accordingly 74.6. One 
mole of potassium chloride therefore 
weighs 74.6 grams . Cadmium chloride 
contains one atom of cadmium ( atomic 
weight, 1 12.4 )  and two of chlorine 
( atomic weight, 2 X 35.5 ) . The sum is 
183.4,  and one mole of cadmium chlo
ride weighs 183 .4 grams. A one-molar 
solution ( lM )  of potassium chloride 
contains one mole, or 74.6 grams, of 
potassium chloride per liter of solvent. 
Similarly, a .001M solution of cadmium 
chloride contains . 1834 gram of cadmium 
chloride per liter. 

"To set up the introductory experi
ment, prepare a . 1 M  hydrochloric acid 
supporting e1ectrolyte containing dis
solved air, place 35 milliliters in the 
electrolysis cell and open the stopcock. 
Readjust the height of the reservoir for 
the specified drop rate if necessary. Check 
the tip of the capillary tube and care
fully remove any bubbles .  Switch the 
meter to measure voltage and adjust the 
potentiometer for zero indication. Apply 
.1 volt to the cell and switch the meter 

50 
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The p hotos a bove a n d  the floor p l a n  to the left a re your i n i t ia l  guides  
to our  research l aboratori es i n  Sudbury, Massachusetts. These modern  
fac i l it ies togeth er with the most adva nced scient ific equipment  ava i l 
a b l e  (so m e  of which  i s  s h o w n  a bove), provide a n  opti m u m  research 
environ m e n t  for our staff m e m bers. Scientists here are engaged in 
basic research i n  t h e  a reas af sol id state physics,  c h e m istry, p l a s m a  
physIcs, appl ied math a n d  a p p l i e d  m e c h a n ics, a n d  com m u n ications.  

For further information on our research program, 
please write to : 

Mr. Frederick M. Swope, Jr. 

SPERRY RAND RESEARCH CENTER 
BOX 400, S U D B U RY, MASSACHUSETTS 

.. An Equal Opporlunity Employer" 
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Do you thi n k  for a l ivi ng? 
I f  so, a re you th inking hard enoug h ?  At  Ca l tech's Jet  Propu ls ion labora

tory you wil l .  Because you ' l l  wa nt to. Beca use you ' l l  be worki ng on  the 

most cha l leng ing scientific and eng ineeri n g  p rogra m  on Ea rth : the explor

at ion of oute r  space. With J P l's seven d ivisions, i m mediate ope n i ngs 

exist i n  many tech n ical a reas. Do you qua l ify? 

o SYSTEMS DIVISION 0 SPACE SCI ENCES DIVISION 0 TELECOMMUNICATIONS 
DIVISION 0 GU IDANC E  & CONTROL DIVISION 0 PROPULSION DIVISION 
o ENGINEERING MECHANICS DIVISION 0 ENGINEERING FACIl ITIES DIVISION 

ASTRONOMY Telemetry AERONAUTICAL Computer Programming 

Astrophysics 
Communications-Radio ENGINEERING Data Processing 

Orbital Mechanics 
Antennas 

Aerodynamics Celestial Mechanics 
Digital Computers 

Stabil ity and Controls 

ELECTRONICS 
Analog Computers 

Spacecraft Structures PHYSICS 

Energy Conversion 
Propulsion Systems Semiconductors 

Devices MECHAN ICAL Gas Dynamics Cryog enics 

Servomechanisms ENGINEERING Magnetohydrodynamics 

Gyros Structures 
MATHEMATICS Thermionics 

Electron Optics Dynamics logic Plasma 

Transistor Circuitry Stress Analysis Number Theory Optical Instruments 

Sensors Mechanics Numerical Analysis Spectroscopy 

Instrumentation Heat Transfer Probabil ity and Statistics Infra-red 

Microwaves Properties and Mechanics Information and Molecula r-Atomic 

Radar of Materials Communication Theory Atmospheric 

JET PROPULSION LABORATORY 
CALIFORNIA INSTITUTE OF TECHNOLOGY 

"An equal opportunity employer." 

Jot Propulsion Laboratory is operated by Colifornia Institute of Technology (or the National Aeronautics & Space Admini stration 
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to indicate current. Record both current 
and voltage. Increase the voltage to .2 
volt, read the 'Current and continue the 
procedure in �teps of tenths of a volt, 
tabulating both current and voltage to 
a maximum of 1 .5 volts. When switched 
to indicate current, the meter will oscil
late from minimum indication, as a new 
drop of mercury begins to form, to maxi
mum, just before the drop falls. The 
fluctuation of the current is induced by 
the periodically expanding area of re
action at the cathode. Record the maxi
mum current.  Plot the tabulations with 
voltage as the abscissa and current as the 
ordinate. A sharp rise in the graph at 
about .1 volt indicates that dissolved 
oxygen was reduced to hydrogen perox
ide. At 1 . 1  volts the hydrogen peroxide 
was reduced to water, as indicated by 
the polarographic waves in the accom
panying graph [bottom of page 254] .  

"These polarographic waves from the 
reduction of oxygen are so pronounced 
that they interfere with the waves of 
most other substances. Hence oxygen 
must be removed from all solutions just 
before they are electrolyzed. This is ac
complished by bubbling hydrogen or 
nitrogen through the electrolysis cell for 
Rve minutes. Connect a length of glass 
tubing to a source of hydrogen gas, im
merse the tubing to within approximate
ly one centimeter of the bottom of the 
electrolysis cell and pass a rapid but not 
violent stream of hydrogen through the 
electrolyte for Rve minutes .  If com
pressed hydrogen is not available, one 
can put together a gas generator as 
shown in the accompanying drawing 
[ top of page 256]. Test for oxygen re
moval by electrolyzing the solution. 
Tabulate the current and voltage and 
draw a corresponding graph. The resid
ual current should persist to approxi
mately 1.8 volts, the decomposition 
potential of potassium, as shown in the 
accompanying graph [bottom left on 
page 256]. This indicates that oxygen 
has been completely expelled from the 
solution by the stream of hydrogen. 

"Before setting up the next experi
ment close the stopcock, lower the elec
trolysis cell and clean it. Rinse off the 
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capillary, agar and hydrogen tubes . Al
ways repeat this procedure between 
analyses . Never expose the agar tube to 
air for more than a few minutes or it will 
be damaged by drying. When you have 
finished working with the polarograph , 
immerse the dropping-mercury elec
trode in distilled water and the agar tube 
in a container of saturated potassium 
chloride. They can be so stored for long 
periods . 

"Next, replace the electrolyte with 1 M  
potassium chloride solution that i s  also 
made .004M with respect to lead nitrate. 
Add one drop of concentrated hydro
chloric acid, flush out the oxygen with 
hydrogen and electrolyze in steps of 
tenths of a volt . The plotted results 
should resemble the solid curve of the 
accompanying polarographic wave [ bot
tom Tight on page 256].  

"This experiment demonstrates what 
has come to be known as a 'maximum,'  
an undesirable peak in the polarographic 
wave that appears at about .5  volt in this 
case. Such maxima, which frequently in
terfere with an analysis, have not been 
fully explained, but they must be elim
inated . This is done by adding a 'maxi
mum suppressor' to the solution. Many 
substances are effective as suppressors, 
including gelatin . Dissolve .5 gram of 
plain gelatin in 100 milliliters of distilled 
water . ( Place a small beaker containing 
the gelatin solution in a larger beaker of 
hot water and boil until the gelatin dis
solves ; heating the small beaker directly 
over a flame would damage the gelatin . )  
Add one drop of the dilute gelatin to 
the lead nitrate solution . Store the re
mainder for future use; it will keep 
about three months if refrigerated. Elec
trolyze the lead nitrate solution again 
and plot the results .  This wave should 
be identical with the first one except for 
the maximum, which will have vanished, 
as  indicated by the broken curve . Re
member this stratagem when maxima 
are encountered in future experiments, 
but never use more suppressor than 
absolutely necessary. Begin with a sin
gle drop and add one drop at a time 

Th i n k  harder. 
Put you r head to work on such as these : What's the moon made of? I s  

there l i fe on  other  p l a nets ? What's h i d i n g  beh ind  the c louds o f  Ven u s ?  

W h a t  y o u  th i n k  may be ve ry i m porta nt t o  other  t h i n kers at J PL. Now's a 
good t ime to l earn  if J P L  ca n use you r ta lent. Use the short-form be low, 

or if you 've a l ready made a long -form resu m e, send it today to J PL. 

iTEUUSABOUTYOURsELF - - - - - - - - - - - - - - - - -
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I name ______________________________ _ 

I address _____________________________ _ 

I city. ____________ state, _______ pho n e  _______ _ 
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I how l o n g  on present  j o b,  ________________ s a l a ry' ______ _ 
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"An equal oppo rtunity employer ."  • U . S . citizenship or current securi ty clearance requi red.  
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CAl iFORNIA I N STITUTE O F  TECH N O LOGY 

4802 O a k  Grove Dr ive, P a s a d e n a ,  Cal ifo r n i a  

attent ion ,  Perso n n e l  D e p a rtment  
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M e a s u r e 
3 0 m i c r 0 v 0 I t s  (li V )  t o  
3 0 0  Vo l t s  ( V )  
A C C U R AT E LY 

. . .  with Ballantine's 
Model 300H A C  Voltmeter 
The ability to measure as little as  30 I" V 
accurately and reliably is possibly one of the 
most important characteristics of the Medel 
300H. One feature contributing to this is the 
five inch indicating meter shown above, whose 
voltage scale is logarithmic and individually 
hand·calibrated. The precision of reading is 
the same at the bottom of the scale as at the 
top. Careful design of the circuitry of  this 
vacuum tube voltmeter makes it  possible to 
specify a uniform accuracy in percen t 0/ rea.d
ing over the en tire scale with the assurance 
that it will be maintained for at  least 5000 
hours of use between calibration checkups.  
It is  an excellent instrument for accurate 
quantitative measurements over a wide range 
of voltages and frequencies. It may also be 
used as a stable, high gain, wide band ampli
fier with equal assurance. 

PA R T I A L  S P E C I F I C AT I O N S  
Voltage range . . . . . . . . . . . . . . . .  3 0  I" V to 300 V 
Frequency range . . . . . . . . . . . . . .  10 cps to 1 Mc 
Accuracy at a l l  p o i nts o n  the sca le  

300 I"V to 300 V, 1 0  cps to 700 kc,  2 %  
300 I" V  t o  3 0 0  V ,  7 0 0  kc to 1 Mc ,  3 %  
30 I" V  t o  3 0 0  I"V, 1 00 cps to 1 kc ,  5 %  

Response . . Average, c a l i b rated i n  r m s  of s i n e  wave 
Input impedance . . . . . . .  2 m egohms  shunted by 

15 to 25 pF 
Stab i l ity . . . . . . .  Change in i n d i cat ion with power 

supply variat ion from 1 1 5  ± 1 0  vo lts ,  <0 .5% 
Amp lifier  characteristics . .  ga in , 40 db ;  max  output 

0 .3  V i nto 5000 ohms ;  response ± 1 db ,  
1 0  cps to 1 Mc 

Power supply . . .  1 1 5 /230 V, 50-420 cps ,  3 5  watts 
Portab le  or  Relay Rack Vers ions  ava i l ab le  

Pr ice :  $230 

Check with B a l l a nt i ne  for any ac vo ltage measu re
ment req u i rements,  i nc l u d i n g  l abo rato ry stand
a rds  for use u p  to 1 000 Me.  
Please write for  our brochure on .  the  Model 
300H and for ollr catalog, referring to SA-9. 

�) BALLANTIN E 
LABORATOR I ES I NC. 
B O O N T O N  N EW J E R S E Y 
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until the maximum peak disappears . Too 
much suppressor will reduce the limiting 
current and thus introduce error . 

"To demonstrate how the polarograph 
measures concentration, prepare solu
tions of cadmium chloride in three 
strengths : .001M,  .005M and .020M . 
Make up a supporting electrolyte of . 1M 
potassium chloride and add one drop of 
gelatin. Drive out dissolved oxygen be
fore each electrolysis . Apply voltage in 
steps of tenths of a volt from .3  to 1 volt _ 
The plotted results should resemble the 
waves in the accompanying graph [page 
258 ] .  Plotting concentration against 
current results in a linear graph [ see pre
ceding page ] ,  which proves that the 
current increases in direct proportion to 
the concentration. 

"To demonstrate the analysis of mixed 
substances, prepare a supporting elec
trolyte 1M with respect to both am
monium hydroxide and ammonium 
chloride and add one drop of gelatin . 
Then make up separate 100-milliliter 
solutions of 1M copper sulfate, nickel 
sulfate and zinc sulfate . Place about 20 
milliliters of supporting electrolyte in 
the electrolysis cell, add two drops of 
copper solution, sweep out the oxygen 
and electrolyze between zero and two 
volts in steps of . 1  volt, tabulating the 
results . Repeat after adding two drops 
of nickel sulfate and again after adding 
two drops of zinc solution . Having ac
quired experience with the method, the 
experimenter should be able to visualize 
the results while the analysis is in prog
ress .  A new wave appears for each added 
element as shown in the accompanying 
graph [ahove ] . Observe the double wave 
for copper. It is a nice example of how 
the polarograph can be used in theoreti
cal studies .  The double wave is ex
plained by the fact that cupric ion, 
which is characterized by a double posi
tive charge ( the atom of metallic copper 
has lost two electrons ) ,  is reduced in 
two stages .  It first acquires a single elec-

tron and is thereby reduced to cuprous 
ion, which then acquires a second elec
tron and is reduced to metallic copper. 

"Although oxygen interferes with the 
polarographic analysis of most sub
stances, its double wave can be used 
to determine the amount of gas present 
in solutions.  For these experiments a 
reference electrode of mercury is most 
convenient . Remove and store the satu
rated-calomel electrode. ( Remember to 
protect the exposed agar by immersing 
it in a saturated solution of potassium 
chloride. ) The experiments to be made 
now involve biological materials . Use a 
1 per cent solution ( by weight ) of sodi
um chloride as the supporting electro
lyte . Place a small quantity of mercury 
in a clean centrifuge tube of 40-milliliter 
capacity and assemble the cell shown in 
the accompanying drawing [ page 262].  
For these experiments the electrolysis 
�ell is filled completely and tightly 
stoppered, except for a breather tube of 
small bore . The oxygen content of solu
tions is proportional to the difference 
between current readings at . 1  and 1 
volt .  The determination is only relative 
between solutions that differ in oxygen 
content.  If the difference in current be
tween .1 and 1 volt with solution A is 
higher, for example, than the difference 
in current with solution B, then A con
tains proportionately more oxygen than 
B. The absolute content of any given 
solution must be determined by chemi
cal analysis .  But experiments based on 
relative determinations alone can be fas
cinating . 

"As an example, first electrolyze a 
cell of saline solution and plot the oxy
gen wave. Then add one milliliter of 
fresh chicken blood to the saline solu
tion and make a second run. The second 
polarographic wave will indicate the 
amount of oxygen absorbed by the 
hemoglobin. The absorption will be 
found to differ when the blood of various 
animals is analyzed, a result that can be 
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TO ENGINEERS p", SCIENTISTS Noct i l i o  l e pori n u s .  the bat that fishes. f l ies a s e a rc h  pattern 1 0  to 15 cm a b ove the sea i n  h i s  q u est 

fo r s u c c u l e n t  m i n nows. em .tt l n g  freq u e n cy m o d u l ated p u lses r a n g i n g  from 45·60 kc at  I n .t . a l  phases.  

. NO. 3  IN  A SERIES tapering off to 25·40 kc. so M U C H  IS CLEAR. B u t  how does he overcome h i s  a i r/water i nterface prob l em? 

There's n o  d o u bt a bout it, N octi l i o  l e por i n u s  T H E P R O  B L E M  freq u e n cy s i g n a l  propagat ion a n d  p rocess i n g, i n  
co u l d  tel l h u m a n  son a r  engi n ee rs a t h i ng o r  two s o n a r  com m u n icat ions a n d cou ntermeasu res. 
a bout pract ica l  tech n i q u es for the u t i l izat i o n  of 0 F A I R B 0 R N E R i g h t  n ow, t h ey a r e  worki ng on novel con cepts 
the 0 . 1  % of a tra i n  of sou n d  waves p e n etra t i n g  i n  n o n · a co u st ic  u n d e rsea d etect i o n  that leave 
t h e  s u rface of t h e  sea. ECHOLOC ATI 0 N N . l e por i n u s  fa r b e h i n d  i n  t h e  tec h n i c a l  stakes. . . .  " I  (We u n d e rsta n d  h e ' s  a t ra d i t i o n a l i st - h a s n ' t  
H ow�ver, H M �D so n a r  speC i a l i sts c o n S i d e r  N .  

OF i m proved h i s m et h o d s  i n  t h e  l a st 5 0  m i l l i o n  
lepon n u s  a p i ke r  I n  o n e  respect. H I S  u n de r· 
water s i g n a l  propagat i o n  is restricted to depths 

yea rs. ) 

of 3·4 c m . At H M E D e n g i n eers a n d  s c i e n t i sts U N  D E R WAT E R O P E N I N G S  EXIST TO DAY FO R FORWA R D · LOOK-
a re accustomed to d e a l  s u ccessfu l ly with u n d e r- I N G E N G I N E E R S  o pe n · m i n ded  to tec h n i c a l i n n o -
sea d etect i o n  p ro b l e m s  (concern i ng s u b m a r i n es,  TAR G ET S vat i o n s  a n d  ready to i n it iate t h e m - i n terested 
m i n es, natu ra l  obstruct i o n s )  down to d e pths and experi e n c ed in  the fol l owi ng a reas:  
g reater than 1 0 , 000 ft. T H EY DEAL IN TENS O F  M I LES in t h e i r  C I R C U I T  T E C H N I Q U ES ;  A C O U ST I C  C O U N T E R M EA S U R E S ;  U N D E R S EA 

u n d e rsea - ba sed a c o u sti c a l  systems for sea rc h ,  d etect i o n ,  track- CO M M U N I CAT I O N S ;  S O N A R  D I S P LAY T E C H N I Q U ES ;  u s w  SYST E M S  

i ng, d i scri m i nat ion  a n d  loca l izati o n  of e n e m y  vessels  of a l l  A N ALYS I S ;  I N FO R M AT I O N  P R O C ESS I N G  T E C H N I Q U ES ;  A C O U ST I C  P R O P-

types. ( Exa m p l es: s h i p  a n d  s u b m a ri n e·borne so n a rs ;  f ixed bot- A G AT I O N ;  E L ECTROACO U ST I C  T R A N S D U CT I O N  T E C H N I Q U ES .  

tom m o u nted a rrays for s u b m a ri n e  a rea s u rve i l l a n c e . )  Addit io n a l  o p e n i ngs exist i n  t h e  f i e l d s  o f :  T R A C K·S E A R C H  RADAR;  

In a c h iev ing a d va n ces in these vita l d efe n s e  a reas,  H M E D engi
n eers and sc ient ists h a ve developed tec h n i q u es not yet p a ra l 
l e l ed b y  a ny m e m ber o f  t h e  C h i ro ptera fa m i ly (a s  fa r a s  t h ey 
know), i n  very l o n g  ra nge active a n d  passive so n a rs,  i n  very low 

S H l p· B O R N E  R A D A R ;  R E C E I V E R  & S I G N A L  P R O C E S S I N G ;  A N T E N N A  

& M I C R OWAVE; DATA P R O C ES S I N G ;  S T R U CTU RAL A N ALYS I S .  

F o r  m o re i nfo rmat ion o n  c u rrent o p portu n it ies write to M r. 
David C a r n ey, Div.  59· 1 .  AN E Q U A L  O P PO RTU N ITY E M P L O Y E R  

H EAVY M I LITARY ELECTRONICS DEPT. G E N E  R A L • E L E e T R I C  COURT STREET, SYRACUSE, NEW YORM.. 

26 1 

© 1962 SCIENTIFIC AMERICAN, INC



262 

IN AEROSPACE, MARQ UARDT ALSO MEANS . . •  

Gas DynaIllics Pioneer 
Almost two centuries before man realized the dream o f  powered 

flight, Sir Isaac Newton set forth certain basic principles of gas 

dynamics . Today, these early laws are still helping to explore the 

physics of gas flow from supersonic to orbital velocities . 

In keeping with its philosophy of technological pioneering in the 

aerospace field, The Marquardt Corporation is conducting compre

hensive research activities in many advanced areas of gas dynamics . 

A few of these programs include supersonic and hypersonic flight 

studies, boundary layer flow, shock wave interaction, hyperthermal 

flow, and a wide range of internal and external aerodynamic problems . 

Gas dynamics typify only one aspect of Marquardt's continuing 

efforts in advanced research and development. Scientists and engi

neers interested in participating in pioneering programs in the aero

space field are invited to contact us. 

CORPORATE OFFICES, VAN NUYS, CALIFORNIA 
AN EQUAL OPPORTUNITY EMPLOYER 

Dedicated to Keeping 
The United States 
First in Technology 

to 
reference 
e lectro de 
ter m i n i'l l  

o n  chassis 

Cell with mercury·pool anode 

correlated with the differing structure 
of the red cells of the respective species. 

"The analysis of a suspension of green 
algae can demonstrate the production of 
oxygen by photosynthesis . Fill the cell 
with a thick su�pension of algae in 1 per 
cent saline soiution. Let the material 
stand in darkness overnight and analyze 
for relative oxygen concentration. Then 
focus a strong light, such as the beam of 
a slide projector, on the electrolysis cell 
for an hour and repeat the analysis .  
Compare the results . Turn off the light 
and make a series of runs . The concen
tration of oxygen will diminish gradual
ly as the algae consume oxygen in the 
process of respiration. Expose the sus
pension to light transmitted by a red, 
green and blue filter respectively . Ob
serve the resulting influence of wave
length on the efficiency of the photo
synthetic process .  

"Having completed these experi
ments, you are on your own. Like the 
microscope, the polarograph opens the 
way to a broad field of investigation. In 
recent years the instrument, with appro
priate modifications, has been applied to 
the analysis of solutions in disciplines as 
widely separated as medicine and metal
lurgy. Hospitals routinely subject bio
logical materials to polarographic analy
sis, and research workers in nuclear 
physics use the procedure for the anal
ysis of transuranium elements produced 
in microgram quantities by cyclotrons." 
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plasma p i n c h  e ngi ne - Only One of the Critical Aerospace 

Areas for which RE PU BLI C'S PAUL MOORE RESEARCH C E NTE R has R & D  Contracts 

Rep u b l i c  sc ientists unvei led the wor ld 's  fi rst l i ght-we ight, batte ry-ope rated p lasma p inch  e n g i n e  l ast fal l .  
Today they are push ing  ahead o n  a new USAF contract to b u i l d  a p ractical work i n g  e n g i n e  to meet exact ing 
space s h i p  req u i rements for  dependable  e l e ctrical eng ine  propu ls ion for space m issions.  A n ew advanced 
P LASMA PHYS I CS LAB ORATORY i s  be ing  b u i lt at R e p u b l i c 's  PA U L  MOORE CENTER,  more than d o u b l i n g  
the company's fac i l i t ies for research i n  magnetohyd rodynam ics a n d  thermion ics .  An accompanying 50% 
i n c rease i n  the profess ional  staff i n  this field is schedu led .  Oth e r  R & D  g roups at the Center are e n g aged in 
a d iversity of i nvestig ations across the spectrum of aerospace sc ience and e n g ineer ing .  

EXA M P LES O F  AEROSPACE R & D  P R O G RA M S  AT REP U BLIC 
Re·Entry Test Vehicles for advanced space progra ms / Thermal Protection Studies / Spacecraft Tracking Concepts 
( Re-Entry Period) / Hydraulic & Pneumatic Systems (Re-Entry & Space Voyages) / Life Su pport Systems / Guidance 
for Orbital Rendezvous / Full  Scale Plasma-Pinch Engine for Space Propulsion / AEROS Study - Meteorological Satel
lites (in plane of equator) / Advanced Orbiting Solar Observatory / Hydrospace Projects / Space Radiation Studies / 
C02 Adsorption Research / Magnetic Induction Gyro / Antennas (min iaturization) / Spark Cha m ber Spectrometer_ 

I M P O RTANT P O S ITI O N S  OPEN 
Astrodynam ics (mission analysis, satellite ma neuvera bility, guida nce system criteria for earth satell ites, l u n a r  proj
ects) / Structura l Research (elastic & i nelastiC) / Structural Com puter Ana lysis / Stress Ana lysis / Hypersonic Gas
dynamics Research / Re-Entry & Satellite Heat Transfer Analysis / Design Criteria (hypersonic re-entry veh icles) / 
Thermal  Protection Research / Hypersonic Wind Tunnel Investigations / Space Environmental Controls D & D  I Space 
Propu lsion and Power Systems / Cryogenic Research (liquid hydrogen) / Antenna Design (re-entry vehicles) / Life 
Sciences (systems) / Physica l Sciences / Space Electronics (telemetry, com mun ications, guida nce, tracking, EeM, 
ASGSE, data handling) / Magnetic Resonance Gyro Development / Electromagnetic Theory / Weapon Systems Analysis_ 

Interested applicants are invited to write i n  confidence to Mr. George R. Hickman, Professional Employment Manager, Dept. 8J. 

R E PUBLIC 
AV I AT I O N  C O R P O R AT I O N  
FAR M I NGDALE, LONG I S LA N D, NEW YORK 

An Equal Opportun ity Em ployer 
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\:\ \ NOSTRAND'� 
SC I ENT I FIC 

ENCYCLOPEDIA 

THE ENCYCLOPEDIA OF THE BIOLOGICAL SCIENCES, edited by Peter Gray. First encyclopedic reference work 
in this field-1 140 pages; more than 800 articles up to 
3000 words long; 486 distinguished contributors� over 300 illustrations. LIST PRICE ;)20.00 

Dedicated to the serious, the important, and the enduring in scientific literature, The Library of Science counts as members more than 50,000 
scientists, educators and related professionals. Now, The Library of 
Science is pleased to invite you, as a reader of this magazine, to join 
under an exceptionally advantageous offer. Take any one of the four 
works shown above as your free Membership Gift, choose with it your 
first selection at the reduced Member's Price, and, in addition, select 
one of the four volumes listed below as your 

HISTORY OF TECHNOLOGY, by Charles Singer & others. The development of the scientific skills by which 
man has mastered his environment. Volumes 3 and 4-
the Renaissance and the Industrial Revolution. 

LIST PRICE $53.80 
SCIENTIFIC E NCYCLOPEDIA . 1 8 39 pages, 1456 illustra
tions, more than 1 400 articles, over 1 00,000 definitions. 
The third revised edition of the modern classic of 
scientific reference. LIST PRICE $29.75 

EXTRA - FREE GIFT BOOK 
SOURCE BOOK I N  ASTRONOMY, edited . by Harlow Shapley. 

S C I E N C E  I N  THE CAUSE O F  MAN, by Gerard Piel. 

A SHORT HISTORY OF SCIENTIFIC I D EAS, by Charles Singer. 

LOGIC MAC H I N E S  & D IAGRAMS, by Marlin Gardner. 

Which valuable works may we send you FREE? 
1'he Library of Science L-I02 
59 Fourth Avenue. New York 3. N .  Y. 

Enroll me as a member and send my choice of Gift Set, 
additional free gift book, and first Selection-as indicated 
below. Bill  me for my Selection only at  the reduced Mem
ber's Price, plus postage. I need take as few as five more 
Selections during the next 24 months from the 75 or more 
available to me, and I receive a free Bonus Book of my 
choice after every fourth Selection. 

Membership Gift Set· ____________ _ 
free Anniversary Book ___________ _ 
First Selectionl _______________ _ 
Name . . . .  

Address . . . . . . . . . . . . . . . . . .  . 
City . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Zone . . . . . . . .  State . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .. 
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LIST PRICE $10 .00 
LIST PRICE $ 5.95 

LIST PRICE $ 8 .00 
LIST PRICE $ 5 .00 

BRAIN IAC K-30 "PORTABLE LABORATORY," designed 
by Edmund C. Berkeley. Ideal for the young people in 
your family-as well as adults. A practical demonstra
tion of the basic principles of computer circuitry, with 
64-page theoretical and instruction booklet. 

LIST PRICE $18.95 

Start membership with one of these outstanding selections 
N A T U R E  OF T H E  C H E M ICAL 
BOND, by Linus J. Pauling. 
The Nobel Prizewinner's bril
Jiant presentation of modern 
structural chemistry - newly 
revised. enlarged Third Edi
tion. LIST PRICE $8.85 

MEMBER'S PRICE $6.50 

C H A M B E R S'S T E C H N I C A L  
D I C T I O N A RY, edited �y 
Tweney & Hughes. Revised , 
enlarged Third Edition of 
this indispensable reference. 
6 0 . 0 0 0  e n t r i e s  from 1 2 0  
branches o f  science. 1028 
pages. LIST PRICE $7.95 

MEMBER'S PRICE $5.95 

THE INTELLIGENT MAN'S 
GUIDE TO SCIENCE, by Isaac 
A s i m o v .  T w o  v o l u m e s ,  
b o x e d ;  2 1 9  i l l u s t r a t i o n s .  
"The most up-to-date, most 
exciting, most readable gen
eral account of the spur 
heads of modern science." 
Science. LIST PRICE $ 1 5 .00 

MEMBER'S PRICE $ 9 .95 

M A N K I N D  EVOLV ING, by 
Th. Dobzhansky. " . . .  the 
m o s t  j u d i c i o u s  s c i e n t i f i c  
treatise t h a t  has e v e r  been 
written on the nature of 
m a n . "  George Gaylord Simpson. LIST PRICE $7.50 

MEMBER'S PRICE $5 .95 

S c i e n t i f i c  A m e r i c a n  
Books of MATHEMATI
CAL PUZZLES & D I V E R
S I ONS, by Martin Gard· 
ner. From hexaflexagons 
to four-dimensional tick
tacktoe, d igital roots to 
polyominoes-442 pages 
of superb mathematical 
recreation and e n  light

· enment. "No lover of 
mathematics can afford 
to miss these books." William L. Schaaf. Two 
books. 

LIST PRICE $7.45 
MEMBER'S PRICE $5.75 

J"he Library of Science, 59 FOURTH AVENUE. NEW YORK l .  N Y 
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by Sir Gayin de Beer 

MANKIND EVOLVING : THE EVOLUTION OF 

THE HUMAN SPECIES, by Theodosius 
Dobzhansky. Yale University Press 
($7 .50 ) . 

Of all the natural sciences that can 
be brought to bear on the evolu
tion of mankind, which is not 

quite the same thing as the evolution 
of man, genetics is among the most im
pOl·tant and the author of this book is 
one of its foremost exponents. His book 
Genetics and the Origin of Species was 
epoch-making, and the present work is 
no less important. He begins by using 
a broad brush to sketch the scope of 
evolution, including that of inan and 
his culture, and the theories advanced 
to explain it. Next follows an epitome of 
the general principles of genetics to 
which he has himself made such notable 
contributions, the relative importance of 
nature and nurture in determining the 
characters of an organism, the results of 
observations on identical twins, the in
tegration of genetics and natural selec
tion, the history of man's body as re
vealed by fossils, and his mental faculties 
and their antecedents . In a treatment of 
the problem of race, he shows among 
other things how the Indian caste sys
tem was an attempt to breed varieties 
of man genetically specialized to per
form different functions and trades, 
whereas ancient China aimed at the 
converse process of a system of social 
mobility. The threats of increased muta
tion rates due to the effects of radiation, 
and of population increase due to lack of 
control, come in for careful appraisal; 
and although these dangers are squarely 
faced, and self-awareness is recognized 
as a blessing in giving man the power 
of imagination but as a curse in accom
panying this gift with those of responsi
bility and freedom, the note on which 
he ends is not one of despair. Instead 
his discussion constantly provokes 
thought, which is obviously the first step 

BOOKS 
The role of genetics In the e()olution 
of man, including his future e()olution 

along the way to the solution of these 
problems.  

The significance of a hereditary link 
between the human race and the animal 
kingdom was already recognized by Dar
win in the earliest notebook entries that 
he made in 1 837, within a year of his 
return to England from the voyage of 
the Beagle. At that time he wrote: "If 
we choose to let conjecture run wild, 
then animals, our brethren in pain, dis
ease, death, suffering and famine-our 
slaves in the most laborious works, our 
companions in our amusements-they 
may partake of our origin in one com
mon ancestor-we may be all netted to
gether." It  is through genetics that we 
are all netted together in evolution, al
though at the time Darwin wrote these 
words knowledge of genetics amounted 
to less than nothing. The theory of 
blending inheritance, all that there 
then was to go on, is utterly false. 
It  held that offspring struck an aver
age between the characters of their 
parents and that variation was therefore 
halved after each generation. With the 
application of the experimental method 
to problems of heredity, first by Gregor 
Mendel and then by Thomas Hunt Mor
gan and his colleagues, the science of 
genetics has now been placed on an 
unassailable basis, and heredity has its 
particulate genes, just as phYSics and 
chemistry have their elemental particles,  
quanta and atoms. Realization of the 
implications of the principles of genet
ics remains, however, astonishingly poor 
among laymen. 

It is sti l l  said, for instance, that a 
son is a chip of the old block. It may 
be that he resembles his father, but if 
he does, i t  is not because he is a de
tached bit of him, as is commonly imag
ined. Children are not the products of 
their parents at all . If they were, it would 
be impossible to understand why broth
ers or sisters are not identical; after all, 
their ancestry is identical . It would be 
necessary to suppose that all the dif
ferences between them were the result 
of new variations that had arisen during 
their own lives . Genetics has to account 
for differences no less than similarities; 

the problem is as simple-and as funda
mental-as that. Children are the prod
ucts of the germ plasm, the stream 
of hereditary factors that has flowed 
through the ancestors containing the 
genes, of which parents are nothing but 
the custodians who were themselves 
formed from the germ plasm of their 
antecedents. Children are the delayed 
brothers and sisters of their parents, and 
from the beginning of the evolution of 
man on earth it is literally and scien
tifically true that all men are brothers . 

Because of the peculiar mechanism by 
which germ cells-eggs and sperm-are 
formed, no child can contain more than 
half of the genes carried by either par
ent. The mother is as likely as the father 
to transmit genes controlling characters 
that in some instances are shown by 
neither parent. Furthermore, the same 
mechanism of germ-cell formation sees 
to it  that the complement of genes re
ceived by a child is not identical with 
that of either parent. There is plenty of 
room for the possibility that the chip may 
differ Significantly from the old block, 
and this is what makes it difficult to 
support the view that the qualities of 
a useful legislator, say, are bound to 
appear in his children. For the same 
reason schemes to establish a sperm 
bank in which the most distinguished 
men would have accounts cannot avoid 
an element of chance . If you breed 
1 0,000 peas or fruit flies, differing in 
characters controlled by genes that have 
been analyzed, the proportions in which 
the offspring will show those characters 
can be predicted with fair accuracy; 
when it comes to one child produced by 
one man and one woman, it is more 
difficult . Furthermore, as Professor Dob
zhansky cogently asks, "Are we readv 
to agree what the ideal man ought t� 
be?" Besides, there is something more, 
because there is another notion that is 
in need of repair. It  is the view, still 
often expressed, that some characters are 
"innate" and others are :'acquired ."  
Nothing would seem to  be more innate 
than that vertebrate animals should have 
two eyes in their heads . They have had 
them since the Silurian period, 350 mil-
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A bout life, peace, 
the South ,Pole, 
and the Snark 

THE FIRST NINE MONTHS 
OF LIFE 

from Conception to Birth 
By Geraldin e  Lux Fla naga n .  The 
distinguished embryologist, Dr. 
George W. Corner, writes: "Com
bining a clear, warmly felt narra
tion with authentic and striking 
photographs, Mrs. Flanagan makes 
the story of life's beginning in utero 
not only understandable but fascin
ating and beautiful." 132 photo
graphs, many from the collection of 
The Carnegie Institution. $3.95 

PREVENTING WORLD 
WAR III: Some Proposals 

American, British and Soviet schol
ars present constructive ideas for 
peace-from possible use of hostages 
to new devices for tru th detection. 
Among the authors: David Riesman, 
Erich Fromm, Ralph W. Gerard, 
Bertrand Russell. Edited by Quincy 
Wright, William M. Evan, Morton 
Deutsch. Just published. $6.95 

FACT AND FICTION 
Bertra nd Russell tells of the writers 
who influenced him most in his 
youth - and we see those influences 
transmuted in his own writings on 
many subjects, from his own dreams 
to the greatest concern of mankind 
today: disarmament, peace and sur
vival. Just published. $4.95 

ANTARCTICA 
By Emil Schulthess. The Antarctic 
continent-man, nature, the scientif
ic study centers and their work - is 
shown in 200 striking photographs 
(half in color) by the internationally 

known photographer of Africa. With 
extensive text, including a special 
commentary on Science in Antarc
tica by Dr. Henry M. Dater. 14x IBY.!. 

$15 

COMING SEPT. 26: 

THE ANNOTATE D SNARK 
Ma rtin Ga rdner, who annotated 
Alice, now presents Carroll's great 
nonsense epic with lavish lively com

ments, the original pictures and a 
striking nuclear-age interpretation. 

In a snark-shaped book, $3.95 �on sale at all bookstores 
h Simon and Schuster 
... �. 
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I lion years ago. Yet if a fish embryo is 
made to develop in water to which a 
small quantity of a simple salt such as 
magnesium chloride has been added, it 
does not develop a pair of eyes at all but 
a single eye in the middle of its head 
like a Cyclops. This is one of the proofs 
that regardless of how long a time a line 
of ancestors may have possessed genes 
that control the development of struc
tures, they cannot produce normal sh'uc
tures if the environment is abnormal. 
The reason for this is that the develop
ment of any character whatever is the 
result of interaction between the genes 
inside the organism and the factors of 
the environment outside it. Conversely, 
those people who set great store by the 
action of the environment must be re
minded by this same simple experiment 
that 350 million years of normal environ
ment has done nothing to "fix" the in
variable and normal development of 
characters that one might think had been 
as irrevocably built in as a pair of eyes. 

What all this adds up to is that every 
character that any plant or animal de
velops has its basis in the genes ( with
out which it would not develop at all ) 
and is to that extent "inherited"; but 
because the character is the result of 
interaction between the genes and the 
factors of the environment, it is also to 
that extent "acquired." There is no such 
thing as a character that owes its exis
tence solely to heredity or solely to 
environment. All that is inherited by 
any offspring is a packet of genes with 
the capacity of reacting in various ways 
to the environment, and a few of these 
ways, within a certain latitude of toler
ance in a normal environment, are what 
are regarded as normal. Some of the 
genes, possessed of what is called a high 
degree of penetrance, can overcome a 

. 

wider range of variation in environ
mental factors than others and show 
their effects. This is at the base of the 
old controversy between "nature" and 
"nurture," opposed to which it is neces
sary to regard both nature and nurture 
as co-operating, without our being able 
to say in any one case exactly how much 
has been contributed by either. 

The extent to which nurture undoubt
edly can affect the end product of de
velopment is sometimes astonishing, and 
it is well illustrated by the history of 
Clarence, a fledgling sparrow less than 
one day old when it fell out of its nest 
and was rescued, nursed and reared by 
a human foster mother in her home. 
( The story is told by Clare Kipps in her 
book Clarence: The Life of a Sparrow.) 
Instead of developing into a hopping, 
chirruping, timid and characterless little 

bird, Clarence walked with alternate 
steps as no sparrow has ever been known 
to do, invented two new bird songs as a 
result of listening to its foster mother 
at the piano, developed a fetish for her 
hairpins, lay with pleasure on its back, 
played with playing cards carried in 
its beak, was quite fearless, scolded, 
bullied, "acted" and showed devoted 
affection, Clarence was a little person, 
with more character than many dogs. 
He lived more than 12 years. Another 
sparrow, Timmy, who came to live 
with Mrs. Kipps under other circum
stances, also showed great character but 
was quite different from Clarence. This 
surely is one of the most awe-inspiring 
facts that have come to light, if what 
was never thought to be anything more 
than a stupid little creature weighing 
only a few grams is capable of such 
a degree of mental development and 
friendship. Could all sparrows, to say 
nothing of other passerine birds, become 
like Clarence and Timmy if they were 
brought up in similar environments? St. 
Francis of Assisi would surely have 
agreed, and Darwin would have rejoiced 
at being netted together with Clarence 
and Timmy, 

There can be few matters affecting 
man as a social organism that do not 
depend for their solution on a scientific 
appreciation of the nature-nurture prob
lem. Eugenics, as Professor Dobzhansky 
points out, is, as conceived by some 
of its exponents, in danger of being a 
travesty of science through overreach
ing itself by exaggerating the influence 
of heredity, and for the opposite reason 
psychoanalysis is in comparable danger 
from failure to recognize the part played 
by heredity. If Freud had appreciat
ed the objectively based principles of 
genetics and the part heredity plays in 
psychology, if he had freed himself from 
his Lamarckian blinkers and the dis
credited theory of recapitulation, and 
if he had been less prone to make 
assumptions about birth traumas, sex 
drives and Oedipus complexes, there 
might be less controversy over what was 
started as a therapeutic techni�ue and 
has come to be regarded as a pattern 
of life with ramifications extending into 
history, sociology and religion. 

It is one of the worst injustices of his
tory that Lamarck's name is not used to 
designate evolution, of which he was the 
first to put forward a general scheme. 
Instead "Lamarckism" is used to express 
concepts such as the supposed inheri
tance of acquired characters and of the 
effects of use and disuse of organs, ideas 
of which he was not the originator and 
which have been shown to be false. 
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where 
on 
earth 

is . 
Chicago 

!= ? 

Chicago is on all sides of The University of 
Chicago Press. Admittedly not very helpful as 

directions go, but we have our eye on bigger things 
- the sun, the moon, the stars, the needs of 

astronomical and astrophysical researchers 
and of scientists working in allied fields. 

compilation and synthesis of solar physics, the other a 
compendium of astronomy and astrophysics, are 
complete and fully documented handbooks, 
written and illustrated with great care. 
We do a little regional publishing too. 

Chicago's two monumental series, one a critical 
Read on for information about Chicago publications 
on our lunar neighbor. 

THE SOLAR SYSTEM 

edited by Gerard P; Kuiper 

Already published 

Volume I: THE SUN 

Volume II: THE EARTH AS A P LANET 

Volume III: PLANETS AND SATELLITES 
illustrated $12.50 each 

Coming in December 

Volume IV: THE MOON, METEORITES 

AND COMETS 

STARS AND STELLAR SYSTEMS 

a nine volume series 

edited by Gerard P. Kuiper and Barbara 
M. Middlehurst 

Already published 
Volume I: TELESCOP ES, edited by Ger

ard P. Kuiper and Barbara M. Middle
hurst $8.50 

Volu m e  II: ASTRO NOMICAL TECH-
NIQUES, edited by W. A. Hiltner $16.50 

Volume VI: STELLAR ATMOSPHE RES, 
edited by Jesse L. Greenstein $17.50 

Coming in December 
Volume III: BASIC ASTRONOMICAL 

DATA, edited by K. A. Strand 

Projected 
Volume IV: CLUSTERS AND BINARIES, 

edited by Harold Weaver 

Volu m e  V: GALACTIC S TRUCTURE, 
edited by Adriaan Blaauw and Maarten 
Schmidt 

Volume VII: NEBULAE AND INTERSTEL
LAR MATTER, edited by Dean McLaughlin 
and Lawrence H. Aller 

Volume VIII: S T E LLA R STRUCTUR E ,  
edited by Lawrence H. Aller and Dean 
McLaughlin 

Volume IX: GALAXIES AND THE UNI
VERSE, edited by Dr. Allan Sandage and 
Mrs. Allan Sandage 

And three distinguished lunar studies 

THE MOON: A RUSSIAN VIEW 

edited by A. V. Markov· 

A critical summary by Soviet scientists. 
$8.00 

PHOTOGRAPHIC LUNAR ATLAS 

by Gerard P. Kuiper 

230 superlative shots of the moon's near 
side. 18 x 24. Boxed looseleaf. $30.00 

Coming in Winter 

THE ME ASURE OF THE MOON 

by Ralph B. Baldwin 

A complete survey built on his earlier 
work, The Face 0/ the Moon 

through your bookseller UNIVERSITY OF .Q; CHICAGO PRESS Chicago 37, Illinois * 
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New guide books 
to man's next 

frontier 

MOON ATLAS 
by V. A. Firsoff 

This up·to-date map-and-picture guide 
contains maps, photographs of progres
sive phases, gazetteer, and descriptive 
text. It presents the results of prolonged 
and important research into the forma
tive fractures of the lunar surface, 
shown in a 3-color map, and a set of 
spherical projection photographs which 
eliminate the foreshortening at the 
Moon's limb and disclose some novel 
aspects of these lesser-known regions. 
32 pages plus two large fold-out maps in color 

$10.00 

SPACE 
TRAVEL 

by Heinz 
Gartmann 

The amazing developments in the con
quest of space from the earliest experi
ments in rocketry to the present. Each 
stage is illustrated by factual photo
graphs, diagrams and imaginative draw
ings which make the theory of space 
travel understandable even to the non
scientist. In an extended introduction 
and in the illustrations and their lengthy 
commentaries the truth about space 
travel is revealed in all its wonder and 
excitement. $5.00 

• 

THE VIKING PRESS 
625 Madison Ave., New York 22, N. Y. 
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From what has been said above of the 
relation between heredity and environ
ment in the development of characters, 
it can readily be seen that the expression 
"inheritance of acquired characters" has 
as much meaning as the saying "Caesar 
and Pompey were very much alike, espe
cially Pompey." It is not surprising that 
this folk belief should be so old and so 
persistent because, as the University of 
Pennsylvania botanist Conway Zirkle 
has aptly shown, it is based on two 
propositions each of which by itself is 
approximately correct. The £lrst is that 
under the influence of the environment 
the body of an organism can be made to 
undergo changes, such as a thickening 
of the skin where it is subjected to fric
tion or a strengthening of muscles that 
are in hard use. The second proposition 
is that like tends to beget like. But when 
the two propositions are combined into 
a sort of syllogism, the conclusion is 
fallacious that parents, after having been 
modified by the environment, beget off
spring that show the same modification 
in the absence of the environmental fac
tors that originally called it forth. Many 
people can say that "it stands to reason" 
that acquired characters should be in
herited; but it happens not to stand to 
fact, as virtually countless experiments 
show. 

An example of the extent to which this 
fallacy is deep-seated can be seen in 
the Old Testament story of Jacob and 
Laban. When Jacob was working for 
Laban, it was agreed that Jacob could 
have any brown lambs that were born 
and any spotted and speckled goats 
born, whereas all white lambs and un
spotted goats belonged to Laban. Jacob 
thereupon selected ( he knew the im
portance of selection ) the most healthy 
animals and subjected them to visual 
prenatal impressions by putting them 
in front of striped patterns of green 
leaves and white rods just before they 
conceived, with the result that they 
"brought forth cattle ringstraked, 
speckled, and spotted," which of course 
belonged to Jacob, whereas the weaker, 
untreated animals produced offspring 
that remained true to the speci£lcation of 
Laban's property. Another example is 
the ancient Greek myth of Phaeton driv
ing his father Apollo's chariot with the 
sun across the sky. Being inexperienced, 
Phaeton drove the chariot much too near 
the earth in one place, with the result 
that the wretched inhabitants were 
scorched black and thereby became the 
ancestors of the Negro race. One won
ders if Pauline theologians realize that 
the doctrine of original sin involves 
the inheritance of an acquired character, 

for only genes can be inherited and, by 
the nature of the case, neither Adam nor 
Eve when they first appeared on the 
scene possessed the character they are 
alleged to have transmitted to all their 
descendants. It is perhaps unkind to 
drive this last lesson home to its conclu
sion, but everythirlg known about evolu
tion shows it to be a process that takes 
place in populations numerous enough 
to ensure that interchange of genes is 
widespread and frequent enough to pro
vide a sufficient supply of variation for 
natural selection to work on. It has been 
computed that the population of man's 
ancestors one million years ago was 
about 125,000 individuals. That was 
when man was emerging from his pre
human ancestors and no doubt was in 
many ways very brutal, so that man
kind would have started with 125,000 
doses of genes predisposing toward be
havior that would now be regarded as 
sinful. 

Great as the importance of genetics 
is in the pageant of evolution because 
of the part it has played in such con
tinuity as there has been, there are three 
other actors of no less signi£lcance. The 
£lrst is variation, concerning which Dilf
win wrote with simple truth that its 
causes were in his day completely un
known. It is one of the triumphs of 
genetics that this question can now be 
answered at a different level by saying 
that the causes of heritable variation are 
known; they are the mutation of genes 
due to fortuitous rearrangement of the 
contents of the genetic material, and the 
recombination of genes through sexual 
reproduction. This results in numbers of 
possible permutations of such astronomi
cal magnitude that in£lnitely more varia
tion is potentially possible than is ever 
realized. 

The next actor is adaptation, some
times called £ltness. There is no such 
thing as adaptation in a vacuum. A plant 
or animal is adapted in varying degrees 
to a particular set of environmental con
ditions-a habitat or place that it is use
ful to call an ecological niche. The last 
actor is natural selection. At the time 
Professor Dobzhansky delivered the lec
tures that form the subject matter of 
this book, he had had no opportunity 
to become familiar with the contents of 
the manuscript notebooks in which Dar
win recorded his thoughts and conclu
sions soon after his return from the voy
age of the Beagle; it is only recently that 
Lady Barlow, Darwin's granddaughter, 
has provided an authentic version of 
these notebooks. As a result Professor 
Dobzhansky, like everyone else, has 
been slightly misled by the ambiguous 
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phrasing of the passage in Darwin's 
autobiography, in which he wrote that 
it was on reading Thomas Malthus' 
An Essay on the Principle of Population 
he had at once been struck that favorable 
variations would tend to be preserved 
and unfavorable ones to be destroyed. 
This remark has been generally con
strued to mean that Darwin derived 
his theory of natural selection from 
Malthus. It has always been difficult 
to understand how Darwin could have 
been indebted for the key of evolution 
to Malthus, the Jeremiah who maintained 
that the social state of man was unim
provable. Darwin's notebooks show 
that he had thought out for himself the 
unlimited possibility of variation, the 
importance of niches in the economy of 
nature and the principle of natural selec
tion before he ever opened Malthus' 
book. Darwin began to read Malthus on 
September 28, 1838, and what he got 
from it was the realization that natural 
selection exerts a pressure that forces 
those individuals who happen to have 
the requisite characters into the niches 
and leaves the others outside. Malthus 
knew nothing of, and did not want to 
know anything ,of, unlimited variation, 
ecological niches or natural selection; all 
that he supplied to Darwin was the argu
ment, alreadv known to Sir William 
Petty and B�njamin Franklin

'
, that the 

reproductive rate unchecked outstrips 
food supply and that mortalitv must 
therefore be high. Nobody but Darwin 
integrated the facts of extinction, varia
tion, geographical distribution, ecologi
cal niches and natural selection into a 
system that showed how natural selec
tion exerts pressure resulting in adapta
tion. Professor Dobzhansky has interest
ing and profound things to sayan the 
nature of creative thought, which, he 
thinks, may be a greater mystery to the 
creative poet or scientist than to his 
biographer. 

Natural selection still operates in man 
and in some respects may become more 
rigorous, but for the most part its effects 
are nullified by the evolution of an ethi
cal social system that is the one exclu
sive feature of man. The evolution of 
man has been characterized by a proc
ess known as pedomorphosis, in which 
adults resemble their ancestors when 
their ancestors were young. The princi
ple is the exact opposite of recapitula
tion, in which it is assumed that the 
individual organism passes through all 
the stages of its evolutionary history as 
it develops from fertilized egg to adult. 
Pedomorphosis can be shown to have 
been operative in the evolution of the 
most successful biological groups, in-

cluding insects and vertebrates other 
than man. Professor Dobzhansky agrees 
on the importance of pedomorphosis in 
the emergence of man, but he is con
cerned to know how it was achieved by 
natural selection. As I believe I was the 
first to generalize this subject a third of 
a century ago, I hope I may be allowed 
to suggest that the array of variants 
on which natural selection acts includes 
not only adult genetic variants but also 
variants along the time scale of develop
ment, some of which may be more juve
nile and better adapted than others. 
The effect of slowing down the rate of 
bodily development is to allow for such 
features as more brain growth before 
the skull sutures close and to make the 
early postnatal stages so helpless that a 
prolonged period of parental care is 
necessary. During this time a character 
of "authority-acceptance" on the part of 
the children, as the University of Edin
burgh geneticist C. H. Waddington has 
suggested, confers survival value, be
cause without it the children would in
evitably come to grief more than they 
do. The long period of childhood and 
parental care consolidated the family as 
a social unit that tended to become mo
nogamous as woman became uninter
ruptedly receptive, and it provided a 
long period of overlap between genera
tions during which experience could be 
taught. This process, which is not en
forced by genetic inheritance, has to be 
repeated at the start of each generation 
and is the basis of what Professor Dob
zhansky calls superorganic evolution 
and Sir Julian Huxley calls psychosocial 
evolution. It is responsible for the origin 
and maintenance of civilization and cul
ture; man could not live without it. It 
is vastly more efficient than biological 
evolution as an instrument to bring 
about adaptation in man, and the speed 
with which it works is not only much 
faster but also is still accelerating. Yet it 
has not annulled the underlying genetic 
mechanism of evolution that still deter
mines such matters as the response of the 
individual to the environment, even if it 
is the result of civilization. 

Nobody would wish for a geneticist 
dictator even if his name were Plato, but 
it would do legislators no harm to 
appreciate the genetic effect of their 
policies. One cannot help wondering 
how many of them do, in any country. 
They might say that there are two cul
tures, humanities and science, and that 
there is no time to learn both. This would 
be no answer. There is only one culture, 
but most people are not even half
cultured. Thev should read Professor 
Dobzhansky's 

. 
book; they will be sur-
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• What is the clock paradox? 

• I s  there l ife on Mars? 
• What is relativ ity? 

• Who invented the s l i d e  r u l e ?  
• What i s  W i l lard G i b b s '  

P h a s e  law? 

• What is  the greenhouse 
effect? 

• I s  the p rincip le of causal ity 
dead? 

For rapid refe rence, a l l  entries 
are arranged alphabetical ly ,  
with c o m p l e t e  c r o s s - re f e r
ences, a bibliography, and an 
index. 

OVER 2,500 I L LUSTRATIONS, PLUS 
72 PAGES I N  F U L L  COLOR 

To enhance the usefulness of 
this encyclopedia there are 
over 2,500 i l lustrations 
photographs, diagrams, tables, 
charts and drawings, and 72 
pages specially reproduced in 
bri l liant full color. The il lus
trations are keyed d i rectly to 
the topics covered and thus 
expand and explain the text. 

CLEAR ANSW ERS TO YOUR 
QUESTIONS ON S C I  ENCE 

From the flight o f  insects and 
Newton's "Principia" to brain 
chemistry and thermonuclear 

reactions. you w i l l  find a l l  
t h e  facts c lear ly  a n d  i n terest
i ngly presented. 
You will find i n formation on 
Gali leo observing the sate l 
l i tes of J upi ter ;  A b b e  Mendel 
and his sweet pea s ;  Darwin's 
epic voyage on H.M.S. Bea
gle ;  t he W ri g h t  B ro t h e rs ;  
Roentgen's d iscovery of  x
rays.  

LOCATE LATEST S C I E N T I F I C  
FACTS, Q U I C K L Y  A N D  E A S I L Y  

You c a n  l o o k  up facts about 
jet propul sion, scientific in
struments, the fourth dimen
sion,  animal  cou rtship, genetic 
codes, the origin of zero. 
Here, i n  fact, i s  the whole 
panorama of science, and the. 
men and events that have 
l i fted science to its pre-emi
n e n t  p o s i t i o n  i n  t o d a y's 
world . 

L E A D I N G  SCI ENTISTS CONTR I BU T E  
T H E I R  KNOWL E D G E  A N D  S K I L L  

O u t s t a n d i n g  s c i e n t i s t s  i n  
exery field have served as 
editorial consultants and con
tributors. All the material in 
t hese volumes has been care
fully checked for c larity, ex
actness, emphasis and per
spective by these consulting 
editors. Many of the articles 
have been written by eminent 
scientists, among them : 
H e r m a n n  B o n d i, M o r r i s  
Kline, Glenn Sea borg, P .  W. 
B ridgman, William B. Shock
ley, Sverre Pettersen, Vlad
imir Zworykin, Stanley Liv
i ngston, Gairdne r .  Moment, 
R .  K. Runcorn, A. Rupert 
Hall, R ichard Flint, Banesh 
Hoffman, John Read, Simone 
Gossner, B. J _  M ason, Ed
uard Farbe r, J. Tuzo Wilson. 

.. The publ ishers hope to be able to 
hold down the price of this extra

ordinary set to $ 30.00, although nor
mally four volumes of this  scope, qual i ty  
and authority would cost  twice as much.  
In order to bui ld up the size of the first 
printing, and thus reduce the cost per set, 
Harper & Row is  accepting,  for a l im 
i te d time, advance rese rvations at the 

SPECIAL I N TRODUCTORY P R I C E  
S A V E S  YOU AT L E A S T  $5.05 P E R  5 E T  

B y  ordering now,  you pay o n l y  the spe
cial p rice of  $ 24 .95 .  And even i f  the 
fi nal p rice turns out to be h i gher than 
the $ 30.00 now estim ated, the spec i a l  
p r i c e  of $24 .95 ,  plus  m a i l i n g  charges, 
w i l l  be retai ned for those making reser
vations now. Or, if you prefer, after a 
three-week examination period, you may 
remit only $6.95,  plus  mai l ing charges 
and $6 .00 during each of the fol lowing 
three months_ 
Reserve your first-edition, four-volume 
set of this  extraord inary encyclopedi a  
at your bookstore immediatel y, or fill 
out and mall  the coupon today. 

3 WEEKS' FREE EXAMINATION 
HARPER & ROW, Publishe,s 
5 1  East 33rd Street. New York 16, N. Y. 
GenUemen : Please send me __ sets of  TH.E HARPER ENCYCLOPEDIA OF SCIENCE, 
edIted by James R .  Newman. If after ex
amining the four volumes for three weeks 
J am not completely satisfied, I may retur� 
the books and owe nothing. Otherwise 
I will remit the introductory price of 
$24.95 (a saving of $5 .05 ) plus mailing 
charges;  or, If I prefer, I may remit only 
$6.95 plus mailing charges, and three 
c o n s e c u t i v e  m o n t h l y  i n s t a l l m e n t s  of 
$6.00 each . 8014D 

o Single payment 0 Installments 

Name' ______________________ ___ 

Address; ____________________ _ 

C ity Zone_State __ _ 
o MAG N t F tCENT DE L U X E  EDITION 
special binding.  $29.95 (a $5.05 saving): 
SAy� ! Enclose payment and we w i l l  pay 
mallmg charges. Same return privilege. 
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GRASS, 
CABBAGES 

OR CARROTS 
. .  ON  MARS ? 

Programmed for the near future is a 
space probe which will answer this 
question which has tantalized man's 
curiosity for centuries. Carried in the 
probe will be an extremely light
weight, sensitive, high resolution IR 
spectrophotometer. As the probe or
bits Mars,  this Perkin-Elmer devel
oped instrument will detect biochemi
cal IR radiation with an accuracy 
which will even permit some analysis 
of  whether it's from "grass, cabbages 
or carrots". 

Development o f  instrumentation such 
as this i s  typical of  the challenging 
proj ects for a wide range of sophisti
cated investigation that continuously 
motivate a select staff of engineering 
and research p ersonnel at Perkin
Elmer. 

Perkin-Elmer is  a company where in
dividual efforts are recognized, appre
ciated and rewarded. 

If  you would like to work on instru
mentation development for advanced 
proj ects and - sophisticated research 
i n  electro-optics, detection, measure
ment, resolution or recognition . . .  if 
you would like to work where there 
is  an opportunity for expression and 
recognition . . .  drop u s  a line briefly 
outlining your experience and inter
ests. We'll be pleased to arrange a 
convenient interview at which we can 
discuss your future at P erkin-Elmer. 
Write Mr. R. H. Byles, Perkin-Elmer, 
Norwalk, Connecticut. 

A n  equal opportun ity em ployer. 

P E R K I N-E LM E R  
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prised how much of it they will under
stand, so clearly and sympathetically is 
it written .  

Short Reviews 

pHILOSOPHICAL IMPACT OF CO�TEM-

PORARY PHYSICS, by Milic Capek. 
D. Van Nostrand Company, Inc. ( $7.50 ) . 
A thoughtful, readable examination of 
the basic concepts of classical physics, 
the radical transformation of these con
cepts in the past half-century and the 
philosophical implications of this trans
formation .  The author, trained both as 
a physicist and a philosopher and now 
professor of philosophy at Carleton Col
lege, gives a lucid account of the effect 
on classical concepts of space, time, mat
ter, motion and causality of such major 
innovations as quantum and wave me
chanics and relativity theory. His major 
thesis is that although the older New
tonian and Laplacian models of nature 
have been shown to be inadequate, we 
keep smuggling in the languagc and the 
images suited to these older models and 
then find ourselves drowning in a sea of 
paradoxes. As long as we insist on mak
ing pictorial models of all physical proc
esses we must, he argues, expect to be 
overwhelmed by contradictions. Among 
the absurdities to which we are driven 
by clinging to outmoded models are the 
indeterminacy principle ;  time's arrow, 
which seems to move in both directions 
at once ; the electron, which is here, 
there and nowhere all at once. The 
philosophical patchwork created to make 
sense of this nonsense merely adds to 
the confusion. We know that atoms are 
not held together, as was once thought, 
by hooks and eyes, but the modern 
theories of physics and chemistry are 
supported by pic�orial images that are 
not much better. Capek's pointed analy
sis of a series of questions that most 
contemporary philosophers have shirked 
is impressive, but when he proposes his 
own Bergsonian remedy for the disorder, 
he is less clear and less impressive . 
Nevertheless, this is an enjoyable book 
and a tonic to hard thinking.  

R EPOHT ON THE LANDS OF THE ARID 

REGION OF THE UNITED STATES, by 
John Wesley Powell. Edited by Wallace 
Stegner. Harvard University Press ( $5 ) .  
A reprint of a famous report submitted 
in 1878 to the Secretary of the Interior 
by Major John Wesley Powell, at the 
time director of the U.S. Geographical 
and Geological Survey of the Rocky 
Mountain Region and already well 
known for his Western explorations and 
his conquest of the Green and Colorado 

rivers .  Powell's report was a warning 
about the consequences of trying to im
pose on a dry country the habits formed 
in a wet one. The settlers pushing west 
had not the slightest notion of what to 
expect in the arid regions .  Their agricul
tural expectation was that of people 
reared in areas of adequate rainfalL 
Eager to get to their 160-acre home
steads, they were bemused by myths 
and shibboleths about the "Garden of 
the World" and were deliberately de
ceived by railroad companies, land 
speculators and politicians. The West 
they dreamed of in their innocent way 
had been, as Stegner points out in his 
introduction, not so much settled as 
raided for its furs and its timber; this 
was to continue. Powell realized that 
few of the practices applicable to agri
cultural lands in well-watered areas 
could lead to anything but disaster when 
applied in Utah, Nebraska and the 
Dakotas . Farms would have to be laid 
out not to suit the convenience of sur
veyors but to meet water needs. Reser
voirs would have to be built; irrigation 
projects would have to be started; anti
flood measures would have to be taken; 
large tracts would have to be subdivided 
in co-operative enterprises so that home
steaders of the arid lands would all have 
equal access to water. Some of Powell's 
recommendations were followed, but 
most of them were ignored and the con
sequences of their being ignored are felt 
to this day. In the past half-century many 
corrections of the earlier blunders were 
made. Yet between 1930 and 1950, as 
Stegner reminds us, when every other 
state of the Union showed substantial 
gains in population, Oklahoma, Nebraska 
and the Dakotas, all subhumid-to-arid 
Plains states, went down, demonstrating 
that adaptation to arid conditions is by 
no means completed. This reprint of a 
prophetic work makes engrossing read
ing;  the only flaw is that the two maps, 
which are important to the study, have 
been reproduced without the original 
coloring, the result being that the ex
planation of the various markings and 
delineations on the maps makes no sense 
whatever. 

THE TIDES AND KINDRED PHENOMENA 

IN THE SOLAR SYSTEM, by George 
Howard Darwin. W. H. Freeman and 
Company ( $2 .75 ) .  In 1897 Sir George 
Darwin, second son of Charles Darwin, 
delivered at the Lowell Institute in 
Boston a course of lectures on the tides. 
This book, first published in 1898, con
tains the substance of the lectures. Be
cause they were designed for a gen
eral audience they contain little mathe-
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eas 

..--..-- C . 
from alchemy to the atomIC age 

THE DISCOVERY OF N EPTU N E  

by M01·ton G1·osser. Unknown to 
each other, the French astronomer 
Leven' i e r  and the E n g l i s.hm a n  
Adams each predicted the existence 
of the planet Neptune, first credit 
for the discovery in 1846 going to 
Leverrier. This event led to an in
ternational battle of prestige. Here 
is  their unusual story and an ac
count of planetary astronomy to 
1881. October $4.95 
THE INTEGRITY OF TH E BODY 

by F. M. Burnet, Co-Winner of the 
1960 Nobel Prize in Physiology and 
Medicine. A great microbiologist 
considers c urrent immunological 
thought - its relevance to genetics 
and problems of aging. $4.75 
POLARIZED LIGHT 
by William Shurclijf. For exper
i mental i sts a n d  engineers - a 
compact scholarly account that cor
relates theory, technology, produc
tion and application. Illus. $6.25 

I D EAS O N  H UMAN EVOLUTION 

Selected Essays, 1 949- 1 96 1  
William Howells, Editor. This ex
ceptional collection of 28 recent ar
ticles on evolution is devoted to 
new views and interpretive theo
ries, and deals particularly with 
the crucial problems surrounding 
the emergence of Homo Sapiens . 

Illustrated $10.00 
H I STORICAL STU DIES I N  THE 

LAN GUAGE O F  CH EMISTRY 

by M. P. Crosland. A fascinating 
exploration of the exotic past of 
c h e m i ca l  terminology f r o m  a l 
chemy (long misinterpreted), Latin 
binomial terms, and chemists' sym
bols, to its regulation in 1892. $9.00 
POISONOUS PLANTS OF VENEZUELA 

by H enrik Blohm. Described here 
compl etely-th o s e  plants c h e m i 
cally capable o f  causing disease 
and death under natural condi
tions of contact and ingestion, with 
appropriate therapy. $9.00 

At all booksellers 

HARVARD 
UNIVERSITY 

PRESS 

Cambridge 38, Massachusetts 

C. P. Snow replies to his critics! 

APPENDIX TO SCIENCE 

AND GOVERNMENT 

In the light of new material Sir 
Charles carefully re-assesses (and 
re-commits himself to) the stand 
he took last year in his controver
sial book Science · and Government 
- an informed view of the dangers 
of having a scientific overlord in 
government. $.75 
( Science and GoveTment, $2.50) 
FROM A LOGICAL POINT O F  V I EW 

2nd edition, revised 

by William Van Orman Quine. Es
says of maj or philosophical impor
tance dealing with semantics and 
related aspects of thinking. $4.00 
CHARLES V. CHAP I N  AND THE 

PUBLIC H EALTH MOVEMENT 

by James H. Cassedy. A full biog
raphy of an international health 
pioneer, his work, and the maj or 
figures here and abroad with whom 
he was associated. $5.75 
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123 CHALLENGING 
PUZZLES 

and Questions in Math 
T HIS entertaining puzzle 

book provides you with 

countless hours of fun and in� 

formation.  Just look at all  you 

get : 16 number-series ques

tions to test your skill ,  28 im

portant numerical constants to 

identify, 1 0  unique counting 

methods fr0111 the Leginning of 

time, 22 exciting number and 

letter-number problems to solve,  6 international 

codes to decipher, much, much more. 123 fascinat

ing problems and questions-for only 25¢. No 

further obligation, nothing more to buy. Just fill 

out and mail  the coupon below with 2S¢ T O DAY 

to : D. Va l! Nostra l ld  Company, 1nc. ,  Dept. 289,  

1 2 0  A lexa l l dc r  St. ,  Prill cetoll, N. !. (Est .  1848)  

D. V a n  Nostrand Co . .  In c . ,  Dept. 289,  
1 20 Alexander St . ,  Princeto n ,  N. J.  

]' lease  enclose 
25¢ for each copy. 

Send me . . . . . . . . . . . . . . . .  copies of 1 2 3  CHA L ·  
LENGING P UZZLES and Q UES TIONS 
ill }'1A TJ-l at only 2Sr each (postpai d ) . 

$ . .  . . . . . . . . . . . . . . . . . .  total payment enclosed. 

Kame . .  

Address . . .  

City . .  . . . . . . . . .  Zone . . . . . . .  State . .  
I n  C a nada : 203  Hollinger Hoad, Toronto 16. 

/ I  Anybody in terested in climate, 
geography, or long-time h istory 

should find  t l1 is book fascinating, /I 
- HAL BORLAND 

by JAMES 1. DYSON 
Head of tbe Department of Geology 

and Geograpby, Lafay ette College 

"IcE in all its forms but particularly 
glaciers is far from a cold subj ect, 

or d ry, in the h a n d s  of  James L. 
Dyson.  He. has the rare gift of im
parting the specialist'S knowledge in 
stimulating and exciting terms . .  .This 
book should become a standard." 

-ALDEX TODD, TVasbington Post 

J/ A SPLEXDID b ook . . .  i llustrated mag
n nificently, vVh e n  M r. Dyson 
writes  a b o u t  g l a c i a l  t r i m l i n e s  or 
drumlins, he shows what they really 
look like in photographs that require 
no imagination or interpretation."JOHN OSMUXDSEK, New York Times 

Book ReVIew 

83 photographs, 2 charts, and 3 maps, $6'95 

ALFRED · A . KNOPF, Publisher � 
501  i\ Iadison Ave., N.Y. 2 2  
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matics and can be read by anyone able 
to follow a scientific popularization. 
They demonstrate once again that the 
greatest scientists, when they are pre
pared to make the effort, write the best 
science primers . Darwin, who is regard
ed as the founder of modern cosmogony 
and geophysics, performed an immense 
theoretical labor in studying the tides. 
Much of his work retains its validity, al
though the subject is now enjoying a 
rejuvenation with the application of new 
instruments, new techniques and high
speed computers. Darwin had never be
fore undertaken a nontechnical exposi
tion of his theories and he regarded the 
Lowell Lectures as a great challenge . 
He met the challenge superbly. This 
is a fascinating volume, of extraor
dinary clarity. He covers the subject 
from antiquity to the end of the 19th 
century; to cite only a single topic, his 
discussion of tide-generating forces is, 
to this day, without equal. An intel
lectual treat, in the finest tradition of 
19th-century scientific writing, that will 
entertain and enlighten many readers . 
A paperback. 

A HISTORY OF CHEMISTRY:  VOL . II, 
by J. R. Partington .  St. Martin's 

Press ( $20 ) . The second volume of a 
survey intended to be completed in four 
volumes; the third volume is in press 
and together with the second will cover 
the period from 1500 to about 1800. A 
History of Chemistry is an enlargement 
of Partington's A Short History of Chem
istry, first published in 1937 and since 
then many times reprinted. The method 
of the Sh01t History is followed here : 
separate chapters are devoted to major 
figures ( e.g . ,  Paracelsus, Francis Bacon, 
Van Helmont, Descartes, Boyle, Hooke, 
Boerhaave ) and major schools and 
theories ( e .g . ,  iatrochemistry, atomism, 
the phlogiston theory ) ;  the lesser fig
ures, schools and ideas are added to fill 
out the main scene. This is a work of 
true scholarship, possessing both the ad
vantages and the disadvantages of such 
dedicated labors . It is not in general an 
easy book to read; it has thousands of 
footnotes and references; it parades a 
vast aggregate of details, the fruits of a 
lifetime of research . On the other hand, 
like Lynn Thorndike's History of Magic 
and Experimental Science, it is not only 
an incomparable reference source but 
also a treasure chest of obscure, curious, 
colorful information from which even 
the casual reader can derive enjoyment. 
The index is excellent; the illustrations 
are interesting but small in number. 
( Partington explains that a full comple
ment of illustrations would have added 

unduly to the size and cost of the book. ) 
One looks forward to further install
ments of this honorable and impressive 
contribution to the history of science. 

TRACTATUS LOGICO-PHILOSOPHICUS, by 
Ludwig Wittgenstein. Humanities 

Press ( $4.50 ) .  The first edition of the 
English translation of this famous work 
appeared in 1922.  Wittgenstein's com
pressed, complex and aphoristic expres
sion made the task of translation very 
difficult, and he himself revised the text 
with the help of the brilliant young 
British logician Frank Ramsey. As a 
further aid to understanding Witt
genstein's nuances, the original German 
text was presented, page by page, oppo
site the translation. The complexities of 
the Tractatus are, as is well known, as 
formidable as its influence has been, but 
over four decades the ideas have become 
more familiar and other writings by 
Wittgenstein have appeared . For these 
and other reasons a new translation has 
been undertaken by D. F .  Pears and 
B. F .  McGuinness .  The German text, 
still printed en face, has been carefully 
revised and an English index partly de
signed as a guide to the German ter
minology has been added. To those who 
have grown accustomed to Wittgen
stein's unique literary quality the new 
version may seem a little disappointing 
and to have lost some of its bizarre 
charm. There is evidence, however, that 
great care has been taken to convey the 
author's meaning as clearly and plainly 
as possible. One is glad to have the new 
translation, but the old one is worth 
keeping. 

THE RAILWAY REVOLUTION : GEORGE 

AND ROBERT STEPHENSON, by L. T. C .  
Rolt. S t .  Martin's Press ( $6.50 ) .  Tech
nological revolutions require many dif
ferent hands, temperaments and skil1s . 
Inventors, engineers, mechanics, laborers 
and ditch diggers, bridgebuilders, prac
tical men and dreamers, road builders, 
men who were willing to risk their 
money and take other chances, bold and 
cautious men, organizers, politicians
all were needed to bring about the rail
way revolution. This is vividly brought 
out in Rolfs rich story of the Stephen
sons, father and son, who were the fore
most pioneers in railroad building in 
Great Britain, who made the most effi
cient ( although not the first ) of the 
early locomotives and who planned, de
signed and built the Stockton and Dar
lington Railway, the first to carry passen
gers and goods by steam locomotion 
( September 2, 1825 ) .  Rolfs biographi
cal history is distinguished not only for 
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REINHOLD announces the latest Symposium on . • •  

TEM PERATU RE :  
ITS MEASUREMENT AND CONTROL IN SCIENCE AND INDUSTRY-VOLUME THREE 

. . . in 3 Parts . . .  each publ ished and sold separately I 

SECTI ON HEADINGS OF PART 1: BAS I C  CONCEPTS, STAND· 
ARDS AND METHODS. B a s i c  Concepts of Temperatu r e - B a s i c  
Sca l es of Thermometry- Est a b l i s h m e n t  of t h e  The rmodyn a m i c  
Scale-Thermoelectric Fixed Po ints - L i q u i d · i n  G lass a n d  Ther
moelect ric ThermometrY- Plati n u m  Resista n c e  Thermometry
Pract i c a l  Low Temperature Thermometry-Spectrosco pic Meth
ods of Measuring Tem peratu res-Temperature M e a s u rement in 
P l a s m a s  over 1 ,OOO,OOo o K -Temperature M e a s u re m e nt i n  Ast ro· 
physics-Tem pera t u re M e a s u re m e n t  in Geophysics: 

SECTION HEADINGS OF PART 2: APPLIED METHODS AND 
I N STRUMENTS. Thermoelectric Thermometry- Resistance Ther
m o m et ry - R a'd iation Thermometry- Dyna m i c  Temperature Meas
u re m enfs-Automatic Methods of Temperature M e a s u re m ent 
a n d  Cbntrol - M i s c e l l a n e o u s  Temperature M ethods and Tech
n i q ues-Temperatu re Sou rces and Therm a l  Imaging Tech n i q u es.  

SECTION H EADINGS OF PART 3: B IOLOGY A N D  MEDICINE. 
Temperatu re Measurement a n d  Calorimetry - Temperatu re 
Effects in B iofogi c a l  Systems - Tissue H eating a n d  T h e r m a l  
S e n s a t i o n  - Phys io logica l Responses to Heat - Phy s iological  
Response'S to Cold - Hypot h e r m i a  - Temperature Reg u lation. 

Ready this month . . .  
PART 1 * - BASIC CONCEPTS, STANDARDS AND M ETHODS 
-ed ited by F. G. B R I CKWEDDE, Dean of the Depa rtment of Phys· 
ics a n d  Chemistry, Pen nsylva n i a  State U n iversity. Approx. 1,200 
pages, T' x 10". Price to be announced. 

A vailable now . . .  
PART 2 - APPLIED M ETHODS AND I NSTRUMENTS - ed ited by 
A. I. DAH L, General E lectric Company, Schen ectady, New York. 
1 , 100 pages. 7" x 10", $29.50. 

Ready this October . . .  
PART 3*-BIOLOGY AND MEDICINE-ed ited by JAM ES D. HARDY, 
U. S. Naval A i r  Development Center, Joh nsvil le, Pen n sylva n ia.  
Approx. 800 pages, 7" x 10".  Price to be announced. 

Editor· i n ·Ch ief, CHARLES M. HERZFELD, National B u reau of Sta nd· 
a rds. Publ ication of the Sym posi u m  was a ided by the cooperation bf 
the American I n stitute of Physics, I nstru ment Society of America 
and the National  B u reau of Sta n d a rds. 

" Note: You c a n  reserve copi es of Pa rts 1 and 3.  they wil l  be sent i m m e' 
d iately upon p u b l ication.  Please do n ot enclose payment for Parts 1 a n d  3 
in y o u r  order.  t h e i r  prices a re not yet esta blished. 

NEVER BEFORE has such a vast amount of technical information 
on the subject of temperature been assembled under a single title. 
Volume Three ( published and sold in 3 Parts ) is a distinguished 
and signally important work containing the proceedings of the 
Fourth Symposium on Temperature, held March 27th through 
3 1st, 196 1 in Columbus, Ohio. The symposium is published in 3 
Parts in order to accommodate the tremendous amount of signifi
cant information from research centers throughout the world. 
Volume Three includes over 250 individual chapters that cover 
basic concepts, standards, methods, instruments and the tempera
ure problems of specifio fields. 

Acclaimed before publication as the only definitive source on 
the entire subject, this work will stand for years to come as the 
basic reference. The 3 Parts of Volume Three bring all aspects of 
measurement and control abreast of such current topics as 
plasmas, astrophysics and geophysics. Each part is fully illus
trated with halftones and line drawings and will be printed on a 
large 7" by 10" double-column format. Every conceivable area 
of scientific endeavor where temperature measurement and con
trol plays a part is discussed. 

There is no question but that the publication of this authorita
tive, critically evaluated and exhaustive symposium, which pre
sents a sweeping survey of both theory and practice by hundreds 
of international authorities, will be a positive requirement for 
those concerned with temperature in education, research and 
industry. 

You can order Part 2 now and reserve Parts 1 and 3 simply by 
fi l ling in the coupon below and returning it to us today. 

30 Days' Examination Mail This Coupon Now ! 
r - - - - - - - - - - - - - - - - - - - - - , 

REINHOLD PUBLISHING CORPORATION 
Dept. M-144, 430 Park Avenue, New York 22, N. Y_ 

Please send me . . . . . . .  copy(ies) of Part 2, Applied Methods 
and Instruments of Temperature: Its Measurement and Control in 
Science and Industry-Volume Three for 30 days' examinalion under 
the following terms : 

o Purchase price en closed 1 (Reinhold pays reg u l a r  del ivery cha rges) 
o B i l l  m e (plus delivery c h a rges) 

NAME ________________________________________________ _ 

ADDRESS ______________________________________________ __ 

CITY & ZONE STATE ________ _ 

SAVE MONEY !  Enclose $29.50 with order and Reinhold pays regu lar sh ipping 
costs. Same return privi lege.  Please add 3% sales tax on N.Y.C.  orders.  Do not 
enclose cash!  

Please reserve . . . .  copy(ies) and send promptly upon publi
cation (prices to be announced) : 

o Part I, Volume Three; Basic Concepts, Standards and Methods 
o Part 3, Volume Three; Biology and Medicine 

NOT E !  Prices for Parts 1 and 3 are not yet establ ished. You wil l be b i l led later 
if you wish to reserve copies. 

L _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  J 
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Men, 
machines 
and guts : 
a superb 

picture-text 
record 

of an 
incredible 

victory 

OUR WORLD IN ANTARCTICA 
by Lt. (jg) Denis Clift, USNR 

In 1 955, U. S. Task Force 43 chal
lenged the last frontier to establish 
t h e  j o i n t  Navy-Science p rogram i n  
Antarctica. Now, each year 3 ,000 men 
venture southward to support Opera
t i o n  Deep Freeze for another 1 2  
months. "Lt. (jg ) Denis Clift . . .  has 
captured the great drama of Antarctica 
by combining the best in Antarctic 
photography with a superbly written, 
well-documented text." 

-REAR ADMIRAL DAVID M.  TYREE, USN. 
160 pages; 190 photographs, 

9 In full color; 8�" x 11" 
$7.50 at bookstores or � RAN D MCNALLY � & COMPANY 

P. O. Box 7600, Chicago 80, Iilinois 

• Terrestrial Geophysicists 
• Dynamic Oceanographers 
• Research Meteorologists 

satellite; radar; 
tropi(al; systems 

• Plasma Physicists 
analyti(al & experimental 

• Physical Chemists 
ARA is a 250-man Research and 

Development firm active in the 

fields of space systems, electronics, 

bionics,  physics, geophysics, mete

orology, chemistry, aeronautics,  

and other areas of physical and 

engineering sciences . Rapidly ex

panding new programs provide 

challenges for scientists at all 
levels. 

For further information please contact: 
M r. Ivan Samuels 

ALLI ED  RESEARCH ASSOC IATES 
Virgin ia Road, Concord ,  Massachusetts 

"An equal opportunity employer" 
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its insightful portraits of the Stephen
sons and its clear grasp of the many 
complex technical problems that had to 
be overcome to make railroading a real
ity but also for its readable presentation 
of the dramatic vicissitudes and strug
gles attendant on the birth of the railway 
industry and of the relation of the rail
way revolution to contemporary social, 
economic and political circumstances .  
Illustrations. 

NEW PERSPECTIVES IN PHYSICS, by 
Louis de Broglie . Basic Books, Inc. 

( $6 )  . A collection of papers and lectures 
on various aspects of physics and on the 
history and philosophy of science writ
ten between 1950 and 1956. De Broglie 
belongs to the minority group of physi
cists today that is not enchanted with 
the Copenhagen school of thought but 
instead seeks to reinterpret wave me
chanics, based on the substitution of 
"real" waves with singular regions for 
the usual continuous waves. One of the 
objectives is to "rejuvenate" quantum 
physics so that it will be able to describe 
the structure of different kinds of par
ticles and to predict their properties; 
another is to relate quantum theory to 
relativistic physics in the Einsteinian 
sense-that is, to a general field theory. 
De Broglie is a lucid writer, whatever 
topic he is discussing, and this book 
makes both agreeable and stimulating 
reading. 

C OFFEE , by Frederick L. Wellman 
( $ 13 )  ; MUSHROOMS AND TRUFFLES, 

by Rolf Singer ( $10.25 ) .  John Wiley & 
Sons, Inc.-Interscience Division .  These 
two volumes in the publisher's "World 
Crop" series deal with the botany, cul
tivation and utilization of the crops 
named. The monograph on coffee is of 
particular interest because it presents 
legends and early history and because 
coffee is of such widespread importance 
in world commerce. Both volumes are 
fully illustrated, including a number of 
color plates for the study of mushrooms. 
Useful bibliographies . 

CULTURE AND BEHAVIOR : THE COL

LECTED ESSAYS OF CLYDE KLUCK

HOHN, edited by Richard Kluckhohn. 
The Free Press of Glencoe ( $6.75 ) .  
This collection of essays by the late noted 
anthropologist serves to show the breadth 
of his interests and contributions to the 
discipline. It reprints, among others, pa
pers on the concept of culture, concep
tions of death among the Indians of the 
Southwest, Navajo ceremonial patterns, 
Navajo morals, ethical relativity, group 
tensions . The volume includes a com-

plete bibliography of Kluckhohn's writ
ings . 

B IRD, by Lois and Louis Darling. 
Houghton Mifflin Company ( $5 ) . 

A simply written, well-illustrated ac
count for the general reader of all phases 
of bird life . The authors sketch the his
tory and evolution of birds ( the 8,600 
species alive today are only a small frac
tion of all that have lived, although es
timates by leading authorities range 
wildly from 250,000 to 1 .5 million ) and 
discuss bird behavior ( including in
stinct, display, learning, the reproduc
tive cycle,  social behavior and migra
tion ) and bird anatomy and physiology. 
The book includes helpful drawings by 
Mrs .  Darling and a sound list of sug
gestions for further reading. 

FORMAL METHODS, by Evert W. Beth . 
D .  Reidel Publishing Co.  ( 23.50 

Dutch florins ) .  This volume, which ap
pears in the "Synthese Library," a series 
of monographs on the development of 
symbolic logic, offers an introduction to 
symbolic logic and to the study of effec
tive operations in arithmetic and logic. 
The main purpose of the book is to ex
plain as simply as possible the princi
ples, foundations and methods of logic. 
Some skill in logical manipulations is 
presupposed but not previous study of 
logical theory. 

THE DEVELOPMENT OF MATHEMATICS 

IN CHINA AND JAPAN, by Yoshio 
Mikami. Chelsea Publishing Company 
( $3 .95 ) . A reprint of the 1913 edition 
of this pioneer book, which, while by 
no means a systematic or comprehensive 
survey, is nevertheless filled with valu
able information. Mikami knew person
ally a number of the leading Japanese 
mathematicians of the 19th century, and 
his account of their work, their personal 
eccentricities and their extraordinary 
ignorance about the state of mathemati
cal knowledge in the West is an attrac
tive feature. Another is the quaint style 
in which the work is written, recalling 
parodies of English prose passages as 
rendered by earnest Japanese students . 

THE EDISON MOTION PICTURE MYTH, 

by Gordon Hendricks .  University of 
California Press ( $4 ) . This interesting 
contribution to motion picture history, 
based on a careful examination of origi
nal sources, is intended to serve two 
purposes : to begin the task of "cleaning 
up the morass of well-embroidered 
legend with which the beginning of the 
American film is permeated" and "to 
afford some measure of belated credit" 
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NASA H EADQUARTERS 

Caree r  Appo i nt m ents 

ASTRONAUT 
TRAI N ING 
(M ISS ION  S IM ULAT ION) 

The Office of Manned Space Flight seeks 

three engineers to work in the area of simu

lation equipment and training of the Mer

cury, Gemini and Apollo astronauts . The 

appointments are at NASA Headquarters 

in Washington, D . C .  

Respondents should preferably b e  pilots or 

ex-pilots (test experience is particularly val

uable) and should be able to work efficiently 

with astronauts , engineers, and scientists 

in the field . 

MANNED SPACE FLIGHT OPERATIONS 
The engineers i n  this group will be involved 

in the planning, preparation , checkout, 

operation, and post flight analysis of all 

manned space flight operations of NASA. 

The programs consist of Projects Mercury, 

Gemini and Apollo. Accepted applicants 

will play an important role in the most 

challenging test operations this nation has 

had to date ! 

The positions require men with engineering 

degrees, extensive test and/or range ex

perience, and ability to work with oper

ational personnel. 

Send brief resume i n  confidence to : Director 

of Manned Space Flight, Dept. l35-B, 
National Aer onautics & Space Administra

tion, Washington 25, D.C. 

All qualified applicants will 

receive consideration for 

employment without regard 

to race, creed, color or na

tional origin. 
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to the work done by W. K. L. Dickson, 
who worked in Edison's laboratory and 
was, as Hendricks maintains, responsible 
for advances usually attributed to Edi
son. Dickson himself, of course, based 
his work on the earlier work of other 
men, principally Etienne Jules Marey 
and William Friese-Greene. Photo
graphs. A paperback. 

HANDBOOK OF NORTH AMERICAN 

BIRDS . VOL .  1: LOONS THROUGH 

FLAMINGOS, edited by Ralph S. Palmer. 
Yale University Press ( $ 15 ) .  The first 
volume of a multivolume undertaking 
sponsored by the American Ornitholo
gists' Union and the New York State Mu
seum and Science Service, the purpose 
of which is to bring together up-to-date, 
complete accounts of all the birds found 
in North America north of Mexico, in
cluding Greenland and Bermuda. In 
addition to descriptions and the usual 
information about field identification, 
habitat, distribution, migration, repro
duction, habits and food, the handbook 
contains such features as a simplified 
and more universal color standard ( a  
color chart is included ) ,  distribution 
maps, data on banding and survival. 
Among the species considered are loons, 
grebes, albatrosses, petrels, shearwaters, 
fulmars, tropic birds, pelicans, gannets, 
boobies, cormorants, herons, bitterns, 
frigate birds, storks, ibises, spoonbills 
and flamingos . Many illustrations, some 
in color. 

GRAVITY, by George Gamow. Anchor 
Books ( 95 cents ) .  The well-known 

physicist and popularizer gives a clear 
summary of the classical and modern 
views of gravity. There are the usual 
whimsical Gamowisms that his fans love 
so dearly and a full set of his inimitable 
illustrations . The last two chapters on 
relativity and unsolved problems of 
gravity follow closely the author's article 
"Gravity," published in the March 1961  
issue of  SCIENTIFIC AMERICAN . 

A PRIMER OF DUTCH SEVENTEENTH 

CENTUHY OVERSEAS TRADE ,  by 
D. W. Davies . Martinus Nijhoff ( 15 
Dutch guilders ) .  A splendidly illustrated 
survey of the Dutch network of trade, 
which had remarkable ramifications in 
the 17th century, extending from 
Sweden, Russia and the Baltic ports to 
the Mediterranean, Indonesia, China 
and Japan, the Malay Peninsula, India, 
Ceylon and Burma, Arabia and Persia, 
Australia, Brazil. That this small coun
try was at the height of its power a chal
lenge to England, France and Spain, 

. and that in the 17th century it was the 

COMPANY-SPONSORED RESEARCH :  

TH I N  FI L M S  
A N D  

SO LI D STATE 

SEN IOR  SC IENTISTS and RESEARCH E N G I NEERS: 

Immediate openings exist in the General 
Dynamics I Astronautics Electronics Re
search Laboratories. 

A large company-sponsored program in 
thin film and solid state research for appli
cations to Microminia turization, Solar 
Energy Con version, and Magnetic Com

puter Components is in progress. Included 
are : ( 1 )  studies of the kinetics and struc
tures  of film s  u s i n g  advanced electron 
microscope techniques ;  ( 2 )  epitaxy s tudies 
using pyro1ytic vapor decomposition and 
ultra-high vacuum deposition of thin film 
semiconductor crystals ;  ( 3 )  research for 
thin film passive and active components and 
circuits, prepared by vacuum deposition, 
sputtering, anodization and chemical etch
ing; (4) techniques for accurately monitor
i n g  a n d  c o n t r o l l i n g  t h e  f a b r i c a t i o n  
conditions and film characteristics for thin 
film microcircuits;  ( 5 )  development of 
ultra-micro etching techniques using shaped 
electron beams, cathodolytic decomposition 
of organic gases and films, and ion bom
bardment; ( 6 )  development of techniques 
for fabricating large area thin film solar 
cells by vacuum deposition. 

If you are interested and have experience 
in these tasks and are trained in solid state 
physics, metallurgy and ceramics, physical 
chemistry or electronics, inquire now. Ad
vanced degrees preferred but not necessary 
if talent imd experience in these areas are 
indicated. 

Please write Mr. R.  M. Smith, Ch ief of Profes· 
s iona l  Placement and Personne l ,  Dept. 1 30-90. 

GII I I I I I ID 
G E N E RAL DVNAM I C: S  

ASTRONAUTIC:S 
5763 Kea rny V i l l a  Road, S a n  Diego, Cal ifornIa 

A N  EQUAL OPPORTUN ITY E M P LO Y E R  
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I�ROBLEl\I : 

Where, 
in one book, 
can you find : 

Two lovesick cockroaches 

Assorted rai lroad tra i n s  

The professor's fish 

The King of Hearts 

A beefeaters' convention 

A fresh-a i r  fiend 

- all of  whom need m athe
matical hel p ?  

SOLUTION : 
In this delightful new book of 
games, p uzzles ,  brain tea sers,  
and magic squares for everyone 
who i s  fascinated bv numbers 

MATHEMATICS 
FOR PLEASURE 
by OS\:I�\���A���B���!.I 

$4.95, now at your bookstore 
McGRAW-HILL . �  . .  

Point Hope 
An Eskimo Village in Tramition 

By James W. VanStone. $5.25 
S U RVEYOR OF THE SEA 
Life atzd Voyages of Captain 
George Vancouver 
By Bern Anderson. $6.75 
ESKIMO C H I LDHOOD AND 
I NTERPERSONAL 
RELATIONSHIPS 
Nunivak Biographies and 
Genealogies 
By Margaret Lantis. $4.75 
ARTISTS OF T H E  TUN DRA 
AND T H E  SEA 
Alaska's 2000 year-old Eskimo 
ivory art. 
By Dorothy Jean Ray. $5.75 

from YOIIY bookselle>' or 
UNIV ERSITY O F  WAS H I NGTO N  

P R ESS • S EATTLE 5 

greatest commercial power of Europe, is 
one of the amazing facts of history. 

PLATO'S ME�\o, edited bv R. S .  
Bluck. Cambridge University Press 

( $ 1 1.50 ) .  A newly edited edition, with 
an introduction and commentary, of one 
of Plato's famous dialogues, which deals 
with the nature and teach ability of vir
tue, the relation between virtue, knowl
edge and true belief, learning as recol
lection and the pre-existence of the soul .  
The editor has taken into account the 
developments in scholarship during the 
past half-century and has based his text 
on a fresh examination of some of the 
most important manuscripts. 

THEORY OF PROBABILITY, by Sir 
Harold Jeffreys. Oxford University 

Press ( $ 13 .45 ) .  In the third edition of 
this work Jeffreys has developed more 
fully his proof of the consistency of the 
postulates of the theory and has elabo
rated proofs of certain theorems. Jeffreys' 
work has from its first appearance in 
1939 been regarded as one of the more 
thoughtful and original interpretations 
of probability . He now makes an effort 
to meet criticisms by proponents of other 
interpretations. 

THE STRUCTURE AND DISTRIBUTION OF 

CORAL REEFS, by Charles Darwin.  
Universitv of California Press ( $ 1 .95 ) . 
First publi shed in 1 842, this book raised 
a scientific controversy that was not 
settled until recently, when drilling at 
Eniwetok and other oceanographic re
search confirmed Darwin's hypothesis 
that the mid-ocean reefs have grown up 
as underlying islands sank beneath the 
sea. It was a remarkable conjecture con
sidering the scantiness of crucia l  facts 
available to him . The cause of the sub
sidence, as the geologist Henry W. � fen
ard,  Jr . ,  points out in his foreword to this 
reprint of Darwin's scientific classic, is 
the "hotly debated question of the day ."  
A paperback. 

T HE ART OF FALCONRY, by Frederick 
. II of Hohenstaufen .  Stanford Uni

versity Press ( $ 17 .50 ) . A reissue of a 
translated and edited version of De Arte 
Vel1a l1di cum Avibus, completed shortly 
before the year 1250 by Frederick II ,  
Holy Roman Emperor, King of Sicily and 
Terusalem . This is much more than a 
dissertation on hunting: it includes a 
long introduction dealing with the struc
ture and habits of birds, and i t  is said to 
be the first zoological treatise written 
in the spirit of modern science . Many 
illustrations, translators' introduction, a 
chapter on manuscripts and editions of 
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Exp lo rers 

i n  
the s hape 

of 
th i n g s  to come 

A n  idea in the mind of man . . . that's w h e re 
every a c h i evement i n  the worl d beg i ns .  
P e e r  i nto t h e  m i n d s  o f  Loc k h eed S c i e n 
t i st s  a n d  E n g i n e e rs .  T h e r e y o u  s e e  
i d eas i n  t h e  maki n g - i d eas t h at some 
day wi l l  take o n  form a n d  s u bsta n ce.  
Not a l l ,  of c o u rse.  Some are too "far 
o u t . "  But ,  no matter  how v i s ionary ,  a l l  
i d eas w i n  ser ious atte ntio n .  

A s  a r e s u l t ,  t h i s  f re e d o m  of i m a g i n a 
t i on h as l e d  t o  m a n y  d i st i n g u i s h e d  ac
com p l i s h m e nts at Loc khee d .  And the 
fut u re h o l d s  st i l l  more.  For ,  among Lock
h e e d ' s  e v e r - e x p a n d i n g  p ro g ra m s  a r e :  
S p a c e c raft ; Sate l l i t e s ;  M a n - i n - S p a c e  
Stu d i es ;  Hyperso n i c  Man ned A i rc raft; 
Advanced H e l i co pter Des i g n ;  So p h i st i 
cated ASW a n d  O c e a n  Syste ms.  

Scien tists and Engin eers w h o  t h r i v e  in  an  

atmos p h ere  of free d o m ;  w h ose c reat i v e  

p rocesses f l o u r i s h  t h ro u g h  l i b e ra l  e x 

c h a n g e  o f  i d eas ;  w h o  re l i s h  t h e  e x c i t e ·  

m e n t of  e x p l o r i n g  t h e  u n e x p l o re d -t o  

s u c h  m e n  we say :  Loc k h e e d  h as a p l a c e  

for yo u ,  For exam p l e :  I n  H u m a n  Facto r s ;  

E l e ct ro n i c s  Researc h ;  T h e r m od y n a m i c s ;  

G u i d a n c e  a n d  Contro l ;  Stress ;  S e rvosy s ·  

t e m s ;  R e l i a b i l i ty ;  D y n a m i c s ;  M a n ufact u r ·  

i n g E n g i n e e r i n g ;  Astro p h y s i c s ;  Astro d y 

n a m i c s ;  A d v a n c e d  S y st e m s  P l a n n i n g ;  

R F  E q u i p m e n t  E n g i n e e r i n g ;  B i oa s t r o ·  

n a u t i c s  a n d  S p a c e  M e d i c i n e ;  W ea p o n s  

E f f e c t s ;  A e r o p h y s i c s ;  D i g i t a l  C o m · 

m u n i cat i o n s ;  A n te n nas a n d  P r o p a g at i o n  

E n g i n e e r i n g ;  T r a c k i n g ,  T e l e m e t r y  a n d  

C o m m a n d  E n g i n e e r i n g ;  C o m m u n i c a ·  

t i o n s  A n a l y s i s .  S e n d  r e s u m e  t o :  M r .  

E .  W .  D e s  L a u r i e r s ,  M a n a g e r  P rofe s ·  

s i o n a l  P l a c e m e n t  Staff, D e p t .  2909, 2405 
N .  H o l l ywood Way,  B u r b a n k ,  C a l i fo r n i a .  

A n  e q u a l  o p p o rt u n ity e m p l o y e r .  

LOCKH E E D  
C A L I F O R N I A  C O M P A N Y  

A D I V I S I O N  O F  L O C K H E E D  A I R C R A F T  C O R P O R A T I O N  
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----------- WILEY@BOOKS-----------
THE S EA: Ideas and Observations In Three Volumes 

Edited by M. N. HILL, E.  D. GOLDBERG, C. O'D. ISELIN and W. H. 
MUNK. An Interscience book. Volume I. 1962.  Approx. 664 pages. 
Prob. $22 .00. 

BIOLOGY OF TH E S EAS OF THE U . S . S . R .  
B y  L .  ZENKEVITCH. A n  Interscience book. I n  Press. 

E L EMENTS OF IN FRARE D  TECHNOLOGY: Generation, Tra nsmission, 
and Detection 

By P. W. KRUSE, L. D. MCGLAUCHLIN and R .  B. MCQUiSTAN. 1962.  
448 pages. $ 1 0.7 5 .  

THE THEORY OF GRAPHS AN D I T S  APPL ICATIONS 
By c. BERGE. 1962 .  247  pages. $6. 5 0. 

PRINCIPLES OF AERO E LASTICITY 
By R. L. BISPLINGHOFF and HOLT ASHLEY. 1962.  Approx. 544 pages. 
Prob. $25 .00. 

I NSTRUMENTATION FOR E N G I N E ER ING MEASUREMENT 
By RICHARD H. CERN! and LEROY E. FOSTER. 1962.  456 pages. $ 1 2 . 5 0. 

TH E RMOELECTRICITY: An In troduction to the Principles 
By D. K.  C. MACDONALD. 1962.  133  pages. $6. 50.  

SYMPOS IUM ON THE MANY- BODY PROBLEM 
Edited by JEROME K. PERCUS. An Interscience book. 1962.  Approx. 470 
pages. Prob. $ 1 5 .00. 

DIRECT OBS E RVATION OF IMPERFECTIONS IN CRYSTALS 
Edited by J. B. NEWKIRK and J. H. WERNICK. An Interscience book. 
1962.  634 pages. $ 2 1 .5 0. 

SYMPOS IUM ON ELECTRON IC CON DUCTIVITY I N  ORGAN I C  SOLIDS 
Edited by H. P. KALLMANN and M. SILVER. An Interscience book. 1962.  
408 pages. $ 1 2 .50 .  

ADVAN CES I N  CHEMICAL PHYS ICS, Volume IV 
By I. PRIGOGINE. An Interscience book. 1962.  Approx. 432 pages. Prob. 
$16.00 

PROGRESS IN INORGAN I C  CHEMISTRY, Vol u mes I I I  a n d  IV 
Edited by F. ALBERT COTTON. An Interscience book. 1962.  Volume III : 
Approx. 528  pages. Prob. $1 6.00. Volume IV: Approx. 480 pages. 
Prob. $ 1 5 .00. 

RES EARCHES ON METEORITES 
By CARLETON B. MOORE. 1962 .  227  pages. $7 .00. 

GRAVITATION : An I ntroduction to Current Research 
Edited by LOUIS WITTEN. 1962.  Approx. 656 pages. Prob. $ 1 5 .00. 

SCIENTIF IC RUSS IAN 
By ARTHUR HOLT. 1962. 196 pages. $6.2 5 .  

Da n a ' s  T H E  SYSTEM OF M I N E RALOGY, 7th E d . ,  Volume I I I , 
S i l ica Minerals 

Rewritten and enlarged by CLIFFORD FRONDEL. 1962.  Approx. 384 pages. 
Prob. $7.9 5 .  

A PROGRAMMING LAN GUAG E 
By KENNETH E. IVERSON. 1962.  Approx. 320 pages. Prob. $8.95 .  

TREATIS E ON ANALYTICAL CHEMISTRY 
Edited by I. M. KOLTHOFF and P. J. ELVING. An Interscience book. 1962 .  
Part  II, Volume 2:  Approx. 492 pages. $18.00. Part II ,  Volume 9 :  
Approx. 480 pages. Prob. $17.50 .  

METEORITES 
By BRIAN MASON. 1962.  In Press. 

SEND NOW FOR ON·APPROYAL  COPIES 
JOHN WILEY & SONS, Inc.  • 440 PARK AVENUE SOUTH, NEW YORK 1 6, N. Y. 
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D e  Arte, a historical chapter o n  the 
Hohenstaufens, an annotated roster of 
birds familiar to Frederick II, an anno
tated bibliography of ancient, medieval 
and modern falconry and a glossary of 
falconry terms.  

NIETHODS OF M ATHEMATICAL PHYSICS. 

VOL . I I : PAHTIAL DIFFEHENTIAL 

EQUATIONS, by R. Courant . John Wiley 
& Sons, Inc.-Interscience Division 
( $ 1 6 ) . The second volume of Courant 
and Hilbert's well-known Methods of 
Mathem atical Physics first appeared in 
the German edition of 1937.  The book 
noticed here is, according to Courant, 
a completely new version in the English 
language of its German predecessor. It 
presents advances in knowledge in this 
field of mathematics over the past 25 
years and Courant's own contributions 
to, and formulations of, these advances. 

IRAN, by It Ghirshman.  Pelican Books 
( $ 1 .95 ) .  An attractively illustrated 

survey, by a French archaeologist, ex
plorer and historian who has spent many 
years in field research in Persia, of the 
prehistory and history of that country 
from the earliest times to the Islamic 
conquest. This is the kind of paperback 
that Pelican does better than any other 
publisher and at a remarkably low 
price, considering that among the many 
il lustrations there are no fewer than 48 
pages of fine plates. 

111-1£ AMEHlCAN COLLEGE : A PSYCHO

LOGICAL A ND SOCIAL INTEHPHETA

TION OF THE HIGHEH LEAHNING, edited 
by Nevitt Sanford. John Wiley & Sons, 
Inc. ( $ 1 0 ) . This large volume of almost 
1 , 100 pages, sponsored by the Society 
for the Psychological Study of Social 
I ssues, contains essays on various aspects 
of the American college . Among other 
subjects, the essays deal with the enter
ing studen t,  academic procedures, stu
dent society and student culture, student 
performance in relation to educational 
objectives, interaction of students and 
educators, tl,e effects of college educa
tion . A useful and timely evaluation of 
higher education by specialists in the 
social disciplines .  

ETHICAL STUDIES,  bv F .  H. Bradley. 
Oxford University Press ( $ 1 .85 ) .  

A paperback of the well-known essay by 
the Oxford idealist metaphysician ( best 
remembered for his book Appeara nce 
and Reality ) ,  which first appeared in 
1 876 and was still the subject of Brad
ley's attention almost half a century 
later, when he made many notes and 
changes. These he did not live to incor-
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The moment of i nsight is  a private th i ng. 

I t  ca n ha ppen anyt ime,  a nywh e re.  Somewhere i n  the m i nd the ba rr ier  t o  a solut ion c r u m bles.  Everyth ing suddenly s l i ps i nto 

place.  It ca n 't  be fo rced or commanded .  But it comes about most often in a c l i mate of mutual  respect and recogn itio n .  

Th i s  i s  the k ind o f  c l i mate you ' l l  f i n d  a t  N o rt h rop .  

You ' l l  a l so work  i n  a c l i mate of  constant p rofess ional  chal lenge at N o rt h rop .  We have m o re than 70 active p rojects in  

wo rk,  and we' re a lways eva l uating new l i nes of  i nq u i ry.  Proj ects ra nge f rom space gu idance and navigat ion to  a uto mat ic  

checkout eq u i pment, f rom com puter des ign and wo rld·wide com m u n i cations to l a m i n a r  f low contro l .  

On t h e  fol lowing pages you ' l l  f i n d  some specif ic posit ions ava i l a b l e  n o w  a t  N o rt h rop Space Labo rato ries a n d  t h e  N o ra i r  

D iv is io n .  Loo k them over.  One may b e  j u st the spot f o r  you .  

But even i f  you don't  f ind you r specia lty l i sted - don't  go away. W e  s i m ply don't  have room to mention a l l  the oppo r· 

tun ities to be fou nd th roughout N o rt h ro p ' s  seve ra l d iv is ions .  If yo u ' re the k ind of man who has f resh i n s ights i nto problems,  

there ' s  bound to be a p lace fo r you at N o rt h rop.  Write to D r. Alexander Wei r at N o rt h ro p  NO RIH RO P Co rpo ration , Beve rly H i l l s ,  Ca l if . ,  a n d  tel l us a bout you rself .  You w i l l  receive a p rom pt reply.  
A N  EQUAL  OPPORT U N ITY EM PLOYER 
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IF TODAY'S REALITY 

PH I LeQ 
A S U B S I D I A R Y O F  

�kWr«j'� 
2 8 2  

IS TOMORROW'S MYSTERY. What we know today i s  i n s ign ificant a longs i d e  what w e  wi l l  

know tomorrow, a n d  Ph i l co Western Deve lopment La boratories'  adva n ced tec h n o l ogy leads the way 

to better so l ut i o n s  for b i gger prob l e m s  . . .  a nd to you r  career. With  its space age a c h i evement a 

matter of record i n  some of the Nation's most i m porta nt sate l l i te progra ms, Phi lco W D L  extends a 

penetrat i ng probe i nto the mysteries of tomorrow's u n i verse: Cosm i c  ray and ruby laser optics,  so l i d  

state m i c rowave e l ectro n i cs, m i c rowave m i n iatu r izat i o n ,  s igna l detect i o n  tec h n i q ues, deep-space 

com m u n i ca t i ons. These a re adva nced fie lds be i ng exp lored today at P h i l co WDL. You r  career there 

ca n be as successf u l  as your adventur ing sp i r it .  Tomorrow's space age pro b l e m  is today's task at W D L. 

Write i n  confidence for i nformat ion  on how you ca n find you r  career at P h i l co W D L, w i t h  the add i 

t i o na l rewa rds of i dea l l i v i ng on the San Fra n c i sco Pen i n s u l a  and professiona l and monetary a d 

va ncement commensurate with  y o u r  o w n  a b i l i ty. Req u i rements i nc l ude B . S .  or  advanced d egree 

(e l ectro n i cs, mathernat i cs, physics),  U .  S.  C i t i ze n s h i p  or  cu rrent tra nsfera b l e  D.O.D.  c l e a ra nce. 

Add ress M r. Patr ick  M a n n i ng, Department 5-9. 

WESTERN DEVELOPMENT LABORA TORIES 
3875 Fa b i a n  Way, Pa lo Alto. Cal i forn i a  

a n  e q u a l  o p po r t u n ity e m p loyer  7759 
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pOl'ate into the original work . Neverthe
less, a second edition was published that 
contains the notes, and this is the volume 
now reissued in  inexpensive format. 

E'ING WITH THE ATOU, by Ritchie 
Calder. The University of Chicago 

Press ( $5.95 ) .  This book, which grew 
out of two conferences held at the Uni
versity of Chicago in 1960, discusses 
the peacetime uses of atomic energy and 
the many hazards of radioactivity attend
ant on these uses. Especial attention is 
devoted to the growing problem of the 
disposal of atomic garbage. As always, 
Calder writes sensibly and responsibly. 
Illustrations. 

SCIENCE AND THE FUTURE OF M ANKIND, 

edited by Hugo Boyko. W.  Junk ( 35 
Dutch guilders ) . The first publication of 
the World Academy of Art and Science, 
established in 1960 as an outgrowth of 
the 1 956 International Conference on 
Science and Human Welfare, this vol
ume collects a number of essays that deal 
with the problem of the beneficent uses 
of science and its application to political 
and economic problems, toward the end 
of promoting peace, economic well-being 
and "a higher level of culture than has 
yet been attained." Included are essays 
by Albert Einstein, J. Robert Oppen
heimer, H. J .  Muller, H. D .  Lasswell, 
Bertrand Russell and others. There i s  
also a foreword by Lord Boyd Orr. 

SUMER : THE DAWN OF ART , by Andre 
Parrot . Golden Press, Inc. ( $25 ) .  

A fully i l lustrated study of the sculpture 
and engraving of the ancient Sumerians 
from the sixth millennium B . C .  to about 
1 500 B . C .  The reproductions are un
even , some of those in color particularly 
being overdramatized and quite poor. 
This is nevertheless a remarkable vol
ume, the first of a new series, "The Arts 
of Mankind," edited by Andre Malraux 
and Georges Salles . 

Notes 

THE ORIGINS OF M ODERA" SCIEXCE, 

1300-1800, by Herbert Butterfield. Col
lier Books ( 95 cents ) .  A soft-cover edi
tion of Butterfield's study, which opened 
new lines of thought in the history of 
science. 

ESSAYS ON THE FOUNDATIONS OF 

M ATHE MATICS, edited by Y. Bar-Hillel, 
E .  Poznanski, M. Bavin and A .  Robin
son . North Holland Publishing Co. 
( $ 1 1 .20 ) .  Dedicated to the noted 
mathematician A .  A .  Fraenkel , this col
lection of essays deals with a variety of 

Nora i r  needs men with penetrat ing m inds 
" " 

The m e n  we' re loo k i n g  for w i l l  tackle m a n y  tough p rob lems. Solut ions won't come 

easy.  But they' l l  fi n d  t h e m .  They have t h e  kind of m i n d s  that a re n ' t  eas i ly  thwa rted . 

If yo u ' re of t h i s  t u rn of m i n d ,  why n ot get i n  to u c h  with us? With n ew a reas of i n vest i ·  

gation a n d  resea rch consta ntly c h a l l e n g i n g  us,  we n eed h a rd·work i n g  d rea mers t o  

b r i n g  t h e m  i nto foc us.  Th ese pos it ions a re ava i l a bl e  n ow : 

Engineers i n  e l ectro n i c  c h eckout systems who have worked with adva n ced design 

and p rogra m development. 

Engineers whose backgro u n d  is in s u perso n i c  aerody n a m ics,  sta b i l ity and contro l ,  

i n l et design,  d u ct i ng, a n d  performance a n a lys is.  

Engineers fa m i l i a r  with a i rfra m e  struct u ra l  a n a lysis.  

Scientists spec i a l iz i n g  in i n fra red , optics, and e lectro n i c  resea rc h .  

Engineers t o  work i n  d ata red uctio n .  

Scientists who know structu res research a n d  dyn a m ics. 

Scientists who have done su perso n i c  a e rody n a m i c  resea rc h .  

Scientists experien ced i n  worki ng with i n fo rmation a n d  sen s i n g  systems, p l atfo rms, 

i n fra red , sensors,  f l ight controls,  a i rborne c o m p u t i n g  and data h a n d l i ng syste ms.  

Engineers fa m i l i a r  with  progra m m i ng, operati ons,  and i nstru mentation for  b a l l istic 

m iss i le  fl ight test. 

Rel iabi l ity Engi neers to assess the re l i a b i l ity a n d  to opti m ize the configu rat i o n s  a n d  

m ission profi les o f  s pace systems.  

Chemical Engi neers to work on t h e  d evelopm ent a n d  a p p l ications of struct u ra l  a d he· 

s ives fo r aerospace veh i c l es. 

M eta l lurgical Engineers fo r resea rch and deve lopment o n  mater ia ls  and jo i n i ng.  

I f  yo u 'd l i ke more i nfo rmation a bout t h ese opportu n it ies and others that may be 

ava i l a b l e  by the t i m e  yo u rea d t h i s ,  write and te l l  u s  a bout yo u rself. Contact Roy 

L. Poo l ,  E n g i neering Center Perso n n e l  Office, NORTHROP 1 00 1  East B roadway, H awt h o rne,  C a l iforn i a .  
A N  E Q U A L  O P P O R T U N ITY E M PLOYER  
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Stim u lating career opportun ities for Reconna issance Systems Engineers 
at Sylvan ia  on the San Franc isco Peninsu la  
SYLVANIA ELECTRO N I C  SYSTEM S-WEST 
offers a broad spectrum of ch a l leng ing p ro b l e m s  i nvo lved in Reco n n a i ssa nce System s  Engi neer i ng i n c l u d i ng: 
Feas i b i l ity Stud ies, O perat iona l Ana lysis,  System Synthesis  and Performance Ana lysis,  App l i cat ion and Deve l 
opment o f  Adva nced Tech n i q ues, Specificat ion  o f  Constituent Su bsystems,  H u m a n  Factors Engi neer i n g  a n d  
O perat ions Resea rch .  Typ i ca l  a reas i n  wh i ch ope n i ngs cu rrent ly  exist i n c l ude the fo l l owing:  

DATA ANALYSI S  and S I G NAL PROCESS I N G .  Ca rry out stu d ies, the o bjectives of wh ich a re the design of new, or  
the refi nement of exist i ng data co l lect ion systems. Stud ies ra nge from the a na lys i s  req u i red to  deve l o p  a nd defi ne 
operat i ng req u i reme nts com pati b l e  with econo m i c  and state-of-the-a rt consi derat ions,  th rough system s  con
ceptua l  design in b l ock d i agra m form and i nc l u d i ng specificat ion of h a rdwa re design a p p roach.  

STATISTICAL ANALYSIS. Perform va r ious stat ist ica l  a na lyses at  va r ious leve l s  of soph i st icat ion,  set u p  math
ematica l mode l s  of stoch a st ic  p rocesses. Fie lds of particu l a r  i n te rest i n c l ude experi me nta l design,  theory of 
q ueues, th eory of m i xtures, a l locat ion of resou rces, search theory, and ge nera l o perat ions research.  

I NTERCEPT AND D ETECTI O N .  D i rect or  perform reco n n a i ssa nce system s  operatio n a l  and tech n i ca l req u i re
me nts stu d ies;  e l ectro n i c  s igna l e n v i ron ment stu d i es;  synthesis  of e l ectro n i c  i ntercept systems from concept ion 
to  h a rdware specificat ion  a n d  system block d i agra m ;  a n a lys i s  of  system perform a n ce a n d  of  data re lated to  
te lemetry, com m u n ications,  rad a r  a n d  others. D i rect or p repare reports a n d  pro posa l s  a n d  m a i nta i n  tech n i ca l  
contact with customer represe ntatives. 

ANTE N N A  AN D PRO PAGATI O N .  Perform a n a lyses of e lectromagnetic propagation a s pects of reco n n a i ssance 
a n d  oth er  systems;  a n a lyze d i rect ion fi n d i n g  p rob lems a n d  deve l o p  d i rect i o n  fi n d i ng tech n i q ues; determ i ne 
a nten n a  req u i reme nts a n d  configu rati o n  d u r i ng synthes is  of reco n n a i ssance systems. Activit ies i nc l u de re port 
writ i ng, a n d  customer contacts. 

These ope n i ngs exist at a l l  experie nce l eve ls .  Adva n ced degrees in E E ,  phys i cs, or  mathematics des i ra b le .  

Complete information may be obtained by writing, in confidence to 
Roger Harlan 

SYLVANIA ELECTRONIC SYSTEMS · WEST 
P. O. Box 188S • Mountain View, California 

An Equal Opportunity Employer 
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topics in axiomatic set theory, mathe
matical logic, foundations of arithmetic 
and analysis, and the philosophy of logic 
and mathematics . This is a collection for 
the specialist, but the general reader 
who happens to dip into the volume will 
find both accessible and intriguing the 
essay "Process and Existence in Mathe
matics," by Hao Wang of the University 
of Oxford. 

SELECTED PAPERS OF A.  H. STURTE

VANT : GENETICS AND EVOLUTION, select
ed and edited by E. B. Lewis .  W. H .  
Freeman & C o .  ( $7 .50 ) . A collection of 
technical papers by a member of the 
original Thomas Hunt Morgan group of 
Drosophila workers, who for more than 
half a century contributed to such ge
netic problems as sex-linkage, linkage 
and crossing over, the linear order of the 
genes, chromosome "maps," interference 
in crossing over and related matters . 

How ANIl\IALS DEVELOP, by C .  
H .  Waddington . Harper Torchbooks 
( $ 1 . 25 ) . An inexpensive reissue of a 
short account of the science of embryol
ogy for students and the general reader. 

GEOMETR Y :  AN I:-:TRODUCTION, by 
H. G .  FordeI'. Harper Torchbooks 
( $ 1 .35 ) . A soft-cover reprint of an able, 
readable introduction, from a modern 
point of view, to the main branches 
of the subject ( excluding topology ) ,  
consisting of chapters on Euclidean, 
projective, co-ordinate, algebraic, non
Euclidean, solid and differential geome
try, on geometry of many dimensions and 
on the logical structure of geometries. 

ACTION Fon MENTAL HE.� LTH, by the 
Joint Commission on Mental Illness and 
Health . Science Editions, Inc. ( $ 1 .95 ) . 
A paper-backed edition of the report on 
the five-year study of mental health in 
the U.S. made by the Joint Commission 
on Mental Illness and Health. 

COSMOLOGY, by H. Bondi. Cambridge 
University Press ( $2 .45 ) .  A soft-cover 
reissue of the second edi tion of a bal
anced and skillful survey of the theo
retical problems and controversies of 
modern cosmology . 

THE M OUNTAIN WORLD, edited by 
Malcolm Barnes. Rand McNally & Co . 
( $6 .95 ) .  The 1961  volume in this series, 
known for its handsome photographs, 
contains, among others, papers on aerial 
photography, sundry expeditions in the 
Karakoram, the Swiss Andean expedi
tion , mountaineering in Antarctica dur
ing the International Geophysical Year, 

Wanted : Men with fresh ins ight 

N o rt h ro p  Space Laboratories needs m e n  whose i ma g i n at ions a re cr isp;  men w h o  can 

u n ri d d l e  problems with a fresh po i nt of v iew. I f  t h i s  descri bes you ,  then you ' l l  feel 

at h o m e  with us. NSL i s  new, with the freedom of movement o n l y  a n ew o rga n ization 

c a n  have.  Its fut u re wi l l  be what you c a n  m a ke it. And you ' l l  h ave the ful l  fa c i l it ies 

of the N o rt h ro p  Co rporati o n  be h i n d  yo u .  Come i n  n ow, a n d  grow a l o n g  with us .  

These key o pe n i ngs a re i m m ed i ately ava i l a b l e : 

Solid state physiCists, to co n d u ct f u n d a me nta l resea rch on ma ny·body p roblems as 

a p pl ied to a n  u ltra h igh pressu re p rogra m .  The goa l s  of this progra m a re to study the 

electr ica l  and physica l  behavior of m ateri a l s  u n der  u ltra h i g h  press u re,  to i n vestigate 

the orig i n ,  h i story a n d  st ructu re of the moon a n d  p l a n ets, a n d  to fi n d  ways to uti l ize 

t h e i r  natu ra l  resou rces . 

Scientists, to perfo rm research in n u c l e a r  a n d  ra d i o  c h e m i stry, a n d  to conceive a n d  

ca rry o u t  i nvestigations i n  t h e  f ie lds o f  activat ion a n a lysis, dos i m etry, g a m m a  ray 

s pectro metry, su rfa ce p h e n o m e n a ,  a n d  n u m ero us other a reas. 

Stress ana lysts, to deve lop fresh a n a lyt i c a l  tec h n iq ues and a p p ly them to new s pace 

stru ct u r a l  c o n cepts;  to d o  stress a n a l y s i s  a n d  d e s i g n  o pt i m i z at i o n  st u d i e s  on 

adva n ced s pace vehicle structu res. 

A plasma physicist, to j o i n  o u r  grow i n g  progra m in the measurement of p lasma 

propert ies, spectroscopy, d i a g n ostics, accelerators, a n d  powe r convers i o n  devices. 

A mathematicia n-physicist, to concentrate o n  systems a n a lysi s  and o perat ions 

research a p p l ied to m i l itary a n d  n o n - m i l itary space syste ms.  

Physicists experienced i n  el ectro-optica l i ma g i n g  devices and laser theory; engineer

ing mathematicia ns i nterested in d etect i o n  theory, recon n a i ss a n ce a n d  track i ng;  

electronic engineers who know t h e i r  wa y a ro u n d  statistica l com m u n ications theory 

a n d  n o ise p h e n o m e n a ;  for new a n d  origi n a l  wo rk i n  sate l l ite detect ion syste ms.  

For m o re i nfo rmation a bout t h ese and other opport u n ities, write to W. E.  Propst, 

Space Perso n n el  Offi ce, " "  East Broadway, H aw- NORTHROP thorne,  Ca l i forn i a .  You w i l l  receive a prom pt reply_ 
A N  EQUAL OPPORT U N ITY E M P LOYER 
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�::. . . . is 1 0.5 sq. meters. At least, those that sometimes 
interfered w ith our s ignificant research in the measurement of radar cross 
sections were that big. 

Meaningful research, however, must surmount more serious barriers 
than June bugs. Barriers, for example, like those of semantic differences 
between the tongues of electronics engineers and physicists, between 
aeronautical engineers and psychologists. This is particularly true in a 
research laboratory, where professional men of vastly different back
grounds w ork with and try to understand each other as they push back 
the frontiers in new fields. 

Here, scientists and engineers with minds open to new ideas, adept at 
stepping over barriers between technologies, will  find a broad array of 
problems to solve - in an environment that encourages the development 
of original ideas. Here, engineers conducting plasma sheath research work 
shoulder to shoulder with scientists doing research in ion cyclotron 
resonance, or in  re-entry interactions with the upper atmosphere, or in 
gaseous electronics. 

Cornell A eronautical Laboratory welcomes atmospheric and ionospheric 
physicists, and engineers experienced in electronics, microwave tech
niques, optics, and physical chemistry as principal investigators. We invite 
men with ideas to mail the coupon today. 

CI} C O R N E L L  A E R O N A U T I C A L  L A B O R AT O R Y, I N C .  � o f  C o rn e ll Un i v e rs ity 

r - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ,  
I J .  S. Rentsc h l e r  J - B  
I C O R N E L L  A E R O N A U T I C A L  L A B O R A T O R Y ,  I N C .  
I B U F F A L O  2 1 ,  N E W  Y O R K  
I S e n d  m e  a c o p y  o f  y o u r  factu a l ,  i l l u s trated e m p l o y m e n t p r o s p e c t u s ,  " A  

I C o m m u n i t y  o f  S c i e n c e . "  : N a m e'  ______________________________ __ 

I Street ___________________________________ __ 

I 
I C i ty Z o n e ______ State __________ _ 

I 0 P l e a s e  i n c l u d e  e m p l o y m e n t  i n f o r m at i o n .  An E q u a l  O p p o rt u n i t y  E m p l o y e r  

L _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 
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a n d  an essay o n  that curious mountain
ous creature the Yeti, which has prob
ably given rise to the zany speculations 
about the Abominable Snowman .  

THE LAWS O F  NATURE ,  b y  R .  E .  
Peierls .  Charles Scribner's Sons ( $ 1 .45 ) .  
A paper-backed edition of Peierls' able 
popular i ntroduction to physics .  

ATLAS OF THE Ui\'!VERSE, by Br. Ernst 
and Tj . E .  De Vries . Thomas Nelson & 
Sons ( $9 .95 ) . An encyclopedia of as
tronomy written by nonspecialists for 
nonspecialists and subsequentlv edited 
by a professional astronomcr ( H . E .  
Butler of the Royal Observatory i n  Ed in
burgh ) . Bread-and-butter facts and ideas 
are given concisely and simply. Some of 
the illustrations are excellent. 

PASCAL'S PE NSEES, translated with an 
introduction by M artin Turnel! .  Harper 
& Row, Publishers ( $6 ) .  This new trans
lation of Pascal's beautiful and immcnse
ly inHuential collection of apothegms 
is based on the scholarly Lafuma edition 
of 1952. Critics in Britain, where this 
translation first appeared, have praised 
it highly for its felicitous English equiva
lents of Pascal's poetic utterances . 

C I \' I LIZATION AND ITS D!SCOi\'TENTS, 

by Sigmund Freud. 'vV. VV . Norton and 
Co., Inc . ( $3 .75 ) .  A new translation by 
James Straclley of one of the last or 
Freud's books, which gives h i s  gloomy 
and painful ly prophctic views on thc 
"irremediable antagonism between the 
demands of inst i nct and the restrictions 
of civi l i zation ."  

STAi\'DAHD M ETHODS OF CHEMICAl, 

ANA LYSIS . VOL. l :  THE ELEMENTS, 

edited by N. Howell Furman . D. Van 
Nostrand Company, Inc. ( $25 ) . Sixth 
edition of a source book of analytical 
information for general use in the chcm
ical l aboratory . This volume deals with 
the elements ; two volumes in  prepara
tion are to cover industrial and natural 
products and instrumental analys i s .  

S l i t  THOMAS BROWl':E, bv Frank Liv
ings tone Huntlev. Univers

'
ity of Mich

igan Prcss ( $4 .95 ) .  A not very inspiring 
but nonetheless erudite biographical and 
critical study of the noted English physi
cian and scholar, who wrote so sublimely 
that under the spell of his incomparable 
style one i s  sometimes tempted to over
look the fact that he also had ideas. 

MCGRA W-HILL YEAHBOOK OF SCl
!; l': CE AND TECHNOLOGY, edited by "T .  H. 
Crouse and others . McGraw-Hi l l  Book 
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MARTIN moves ahead in MARYLAND 
Yes, at our Maryland facility we have what it takes to move ahead in the challenging 

space age sciences. 

Our rapid progress on scientific and classified projects stems from several fundamental 

advantages. 

The Martin Company, Aerospace Division of Martin Marietta Corporation, is among 

the most experienced of contractors in the fields of advanced space systems, electronic 

systems and products and nucleonics. 

We have one of the nation's top industrial teams of engineers, scientists and technicians. 

Our management is acutely aware of the importance of basic and applied research, a 

fact which has helped put us in a position of leadership . . .  and will help keep us there. 

As our programs increase, both in scope and in number, we need additional top-level 

ENGINEERS AND SC IENTI STS WITH ADVANCED DEGREES for immediate 

assignments on basic and applied research projects. These assignments offer the scien

tific freedom that encourages significant accomplishment, and they require experience 

in one or more of these disciplines : Solid State Metallurgy , Physical Chemistry, Plasma 

Physics , Aerophysics , Psychology (Human Engineering) , Solid State Physics, Cryo

genics , Thermionic Energy Conversion, Bio-Chemistry , Structural Dynamics, A dvanced 

Electrical and Nuclear Propulsion Sys tems. 

I f  you are qualified, by virtue of education, experience and interest, please write-in a 

manner which you believe best presents your qualifications-to Mr. J.W. Perry, Director 

of Executive Staffing, Dept. R-IO,  Martin Company, Baltimore 3,  Maryland. 

on equal  opportunity employer 

MARTIN Company 
Aerospace Division of 

ItIIA R TIN ItIIA RIE7'TA 
BAL TIMORE 3, MAR YLAND 
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Scientific Advisory Staff 

Advanced P lanning 

Range I nstrumentation 
P lanning & Systems 
Design 

Program Management 

Operations 

Faci l it ies P lanning , 

Facil ities Engineer ing 

2 8 8  

Employment opportunities with 
PA N A LVI  
at Cope Canavera l  
Pan American, as prime contractor to the U. S.  Air Force, has 

fulfilled the responsibility for planning, engineering, operating 

and maintaining Cape Canaveral and the Atlantic Missile Range 

since 1 9 5 3 .  

P a n  Am erican scientists a n d  engineers h a v e  participated 

intimately in all stages of the national programs since early 

V-2 tests through Proiect Mercury's series of manned space flights. 

With Pan American, technically respected people have freedom 

to choose career positions with unlimited opportunities for pro -

fessional development. 

In addition to normal company benefits, Pan Am offers the 

unique advanta ge o f  a 90% world-wide air-travel discount. 

You are invited to send your resume in confidence to David 

N. Bruner, Personnel Manager, Guided Missiles Ran ge Division, 

Pan Am erican World Airways, Inc.,  P. O.  Box 4 3 36, Patrick 

Air Force Base, Florida. 

An Equal Opportunity Employer. 

G U I D E D  M I S S I L E S  R A N G E  D I V I S I O N  
-

C A P E  C A N A V E R A L ,  F L O R I D A  

Co. ,  Inc. ( $ 1 7 .50;  $ 10.50 to owners of  
the McGraw-Hill Encyclopedia of  Sci
ence and Technology ) .  The first in a 
planned series of annual supplements to 
the McGraw-Hill Encyclopedia of Sci
ence and Technology, this volume con
tains some 300 articles concerned with 
scientific advances in 196 1 .  M any photo
graphs and drawings . 

POETRY AND M ATHEMATICS, by Scott 
Buchanan. J .  B. Lippincott Co. ( $ 1 .75 ) .  
A soft-cover reissue, with a new intro
duction by Buchanan, of an essay first 
published in 1929 that examines certain 
parallels of structurc, form and concep
tualization between poetry and mathe
matics . Buchanan may be inclined to 
strain the analogies, but he is successful 
in conveying the notion that the two ac
tivities in their different approaches to 
intellectual problems have much more 
in  common than is usually supposed. 

PROCEEDINGS OF THE FOURTH BERKE

LEY SYMPOSIUM ON M ATHEMATICA L  

STATISTICS A N D  PROBABILITY, edited by 
Jerzy Neyman. University of California 
Press ( $45 ) .  The proceedings of a 
symposium held at the Statistical Lab
oratory of the University of California in 
the summer of 1960. A first volume con
sists of contributions to the theory of 
statist ics ; a second volume, of contribu
tions to probability theory ;  a third vol
ume, of applications of these branches 
d mathematics to astronomy, meteorol
ogy and physics ; and a fourth volume, 
of applications to b iology and medicine .  

A NEW DICTIONARY OF CHEMISTRY, 

edited by L .  Mackenzie Mial!. John 
Wilev & Sons , Inc.-Interscience Divi
sion '( $ 13 . 75 ) .  The third edition of this 
dictionary has been fully revised. A 
work of moderate size, it is nevertheless 
a handy sourcc of information on the 
meanings of many of the words used 
in chemistry and the related sciences, 
and it includes brief accounts of many 
chemical substances, chemical opera
tions and men who have contributed to 
the progress of chemistry . 

THE NEW CENTURY C L ASSICAL H A ND

BOOK, edited by Catherine B. Avery. Ap
pleton-Century-Crofts, Inc. ( $ 15 ) .  An 
1 , l 62-page reference book with more 
than 6,000 entries, describing the great 
figures of classical Greece and Rome, the 
ideas and accomplishments, the places, 
myths and legends.  This is a general 
handbook, humanist in orientation, with 
only sketchy coverage of such subjects 
as mathematics, the exact sciences, logic 
and philosophy. 
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BILLION COMPONENT 
TRA MICRO·CIRCUITRY 

feasibility of billion 
component circuitry for advanced 
instrumentation is being studied 
at Sandia . . • one of the many 
projects in Sandia's continuing 
program of applied research. 
Other .. areas of activity . . .  

-'lfteJteJrialls development ahd 
_*eJ'lIViIlOnrnerltal and field testing . 

. Sandia presently has openings at 
the Ph.D. level in the following 
fields: Engineering, Mathematics, 
Physics, Chemistry, Ceramics, 
and Materials Science. 

Qualified Scientists interested 
in careers at Sandia are invited to 

I send resumes to Professional . Employment Section 569. 

289  
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AC-TH E E L E CT R O N I C S  D I V I S I O N  O F  G E N -
E R A L  M OT O R S  C O R P O RAT I O N . . . . . . . . . . .  292 

AgclH.' Y : D .  P. Brother &. C a m p a u )  

A E ROJ ET- G E N E R A L  C O R P O R A T I O N ,  A S U B 
S I D I A RY OF T H E  G E N E R A L  T I R E  & R U B-
B E R  C O M P A N Y . . .  . 236  

'\ ge n e }, :  D ' A r c )  A d \'ert i s i n g:  C o m p a n y  

A E R O S P A C E  C O R P O R AT I O N  . .  . . . . . . . . . . . . . . . .  1 4 3  
A. g: c n c )  : G a }  n o r  &. D u e <ls .  I n e .  

A I R  R E D U CT I O N  S A L E S  C O M P A N Y ,  A D I V I 
S I O N  O F  A I R  R E D U CT I O N  C O M P A N Y ,  
I N C O R P O RA T E D  49 

Age n c y : G .  1\1. Basford C O l11 p a n )  

A L A D D I N  E L EC T R O N I C S ,  A D I V I S I O N O F  
A LA D D I N  I N D U S T R I ES ,  I N C . . . . . . . . . . . . . . . . . . . . . . . . 2 1 7  

\ g e n e y : W i l l iattl H a r t  A d l e r ,  I n c .  

A L L I E D C H E M I C A L  C O R P O R AT I O N  . . . . . . . . . . . . . . . 203 
'\ J.!c ll e y : B e n t o n  &. B o w l e s .  I t n .  

A L L I E D  R E S E A R C H  A S S O C I A T E S ,  I N C . . . . . . . . . . . .  276 
A J.! (" rl(: � : All ied ·\ dv e r t i s i n g  A!!,cJlq I n (, .  

A L L I S- C H A L M  E R S  M FG .  C O .  
1 94 , 1 98 , 202 , 204, 206 , 208 

.-\ j! (' r H · � : B (' r t S .  G i t t i n s  . \ d \ e r t i b i n g ,  I n (; .  

A L U M I N U M  C O M P A N Y  O F  A M E R I C A ,  
C H E M I CA L S  D I V I S I O N . .  . 35  

'\ ;':(' t t n : K {' t ( ' i l li l t l ,  fllacLeod &. Gro, c ,  I n c; .  

A L U M I N U M  C O M P A N Y  O F  A M E R I CA . . . . . . . 224,  225 
Aj!L, t H' }  : F u l ler  &. Smith &. Ross I n c .  

A M E R I CA N  A I R  F I LT E R  C O . ,  I N C . ,  D E F E N S E  
P R O D U CTS D i V i S i O N . . . .  . . .  242 

A)!f'lIq : Z i rn rn e r - l'Il c C laskey I n c orporated 

A M E R I CA N  CYA N A M I D  C O M P A N y . . . . .  1 1  
Af!" l l t · ) : E rw i n  \,rase} , R u t ! t r a u ff  & H ) a n ,  I n c .  

A M E R I C A N  O P T I C A L  C O M P A N Y ,  I N ST R U -
M E N T  D I V I S I O N . .  . . . 1 1 3  

A l! (' t 1 l ' ) : Ge l i a a n d  Wells.  I n c .  

A M E R I CA N  V I SC O S E  C O R P O R AT I O N ,  I N -
D U ST R I A L  M E R C H A N D I S I N G D E P A RT-
M E N T  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 54 ,  55 

.-\ ;! t' t t � · \ : ·\ r t u l t - I · [', · ... tt' n · C h ap i r : . La m b  &. K e e ll . l n \: .  

A M P EX C O R P O R AT I O N  . . . . .  1 25  
" J.!(' l I t · \  : C u r l l l i nJ.!ham & W a lsh . I rw ,  

A M P H E N O L- B O R G  E L ECT R O N I CS C O R P O 
RAT I O N ,  C O N N ECTO R D I V I S I O N  . . . . .  1 1 0 ,  1 1 1  

A J.! c r H ' }  : i\ l a rs t e l l e r  I n c;.  

A N AC O N D A  A M E R I CA N  B RASS C O M P A N Y  . .  2 1  
\ j!l' ll l' )' :  W i l s o n ,  H a i g h t  &. \\"e lc h ,  I n c .  

A U TO C L A V E  E N G I N E E R S ,  I N C . . 57 
A J.! t' I I ' · )  : L a n d o  A d\'cr t is i n g  A g e n c y ,  1 m ' ,  

A U T O M AT I C  E L E CT R I C ,  S U B S I D I A RY O F  
G E N E R A L  T E L E P H O N E  & E L EC T R O N I CS 
COR P O R AT I O N  . . . . . . . . . . . . . . . . . . . . . . . .  Back C o v e r  

A g' e ll C} : K ltd rre r A g e n c y .  I ll c .  

A U TO N ET l C S ,  A D I V I S I O N  O F  N O RT H  
A M E R I CA N  A V I AT I O N ,  I N C . . . . . . . . . . . . . . . . . . . . . . . . .  227 

A ;! e r t " } :  H a t t e t t .  Barton,  D u r,,: t i t te  &. Osbor n ,  I n e .  

B A L LA N T I N E  L A B O RAT O R I ES ,  I N C . . . . . 260 
A /!(' Ih' ) :  L a l l g . L il w r e n l'(, A d \' . In .... 

BA R N E B EY -C H E N EY C O M P A N y . . . .  . . . . . . . . . . . .  2S6 
AJ.!" t t q : Od i o r n e I n d llstrial  A d \'e r t i s i nJ;" , I n l ' . 

BA U SC H  & L O M  B I N C O R P O RA T E D  . .  1 26 
AJ.!ctt t · } : WoltT Assoc i a l l: s ,  I n c .  

B EC K M A N  I N STR U M E N T S ,  I N C . .  38 
A ),!' e t H' Y : E r w i n  W a se } .  R ut i l r a l i fT  &. H ) 1U1 , I t t L  

8 E L L  T E L E P H O N E  L A B O RATO R I E S . . .  33 
A;,:-en l ' y : N .  \"\' . A y e r  &. Sun ,  I rH' .  

B E N D I X  C O R P O R AT I O N ,  T H E ,  CO M P U T E R  
D I V I S I O N  1 67 

i\ ;,:-c n c ) : J " h n  B. S h all Cumpan } / I nc ,  
B E N D I X  C O R P O R A T I O N ,  T H E ,  R E S E A R C H  

L A B O RATO R I ES D I V I S I O N . .  1 83 
Ag'c[ [ I ' } : l'I l a (' l\'l a n u s ,  J o h n  &. A d a m s , Itt ( , . 

B E N D I X - P AC I F I C  D I V I S I O N ,  TH E B E N D I X  
C O R P O R AT I O N  1 07 

!\ j!C tH' } :  J o h n  B. S h a \1 C O l n p a r l y/ l r t c .  

B O E I N G  C O M P A N Y  1 79 
A ;;. ( ' r l ( · � : F le t c h e r  R i c h a r d s .  C a l k i n s  &. H o ld e n , 1 1 1 4 ' .  

B O O K - O F-TH E- M O N T H  C L U B ,  I N C . . . . . . . . . . . . . . . . .  8 , 9 
A ;':-(' r H' } : l\laxI\ e l l  Sack h e i m - Fra n k l i rt B r u (' k .  I t t � , .  

B O O K - O F- T H E - M O N T H  C L U B ,  I N C . . . . .  
A;!t' I l ! ' )  : Sdl \\ a h _  Beatty &. Purter.  In c . 

B O O N T O N  E L E CT R O N I C S  C O R P O R A T I O N .  98 
Agenq : C o n t i  A d v e r t i s i n g  A g e n c y ,  I n c ,  

B O RG-WA R N E R  C O R P O R AT I O N  . .  1 50 
i\ ;! C , 1 ( ' Y : C l i n t o n  E. F r a n k ,  I n c . 

B U D D  C O M PA N Y ,  T H E ,  : N S T R U M E N T S  D I V I -
S I O N  . . . . . . . . . . . . . . . . . . . . . .  1 02 

A g{' lH ' � : T h e  A i t k i ll . K y n e t t  C o . , I n c .  

CAT E R P I L L A R  T RA C T O R  C O . ,  D E F E N S E  
P R O D UCTS D E P A RTM E N T . . .  1 4  

Agenc y :  N .  \' C A y c f  &. S Oil . I n t ' ,  

C E LA N ES E  C O R P O R AT I O N  O F  A M E R I C A 5 1  
Agen c y : E l l i n g t o n  &. C O lllp a n ) . I n t .  

C H A RT - P A K ,  I N C . .  . 248 
Ag e n c y :  Noyes .& C o m p a n y .  I n c o r p o ra t e d  

C H E M ST RA N D  C O M P A N Y ,  A D I V I S I O N  O F  
M O N SA N T O  C H E M I C A L  C O M P A N Y .  246 

Agenc y :  Robert L u c k i e  &. C o m p a n }  I n f' .  

C H I CA G O  M I N I AT U R E  LA M P  W O R K S  . . . . . . . . . . . . .  228 
Al!ell c y : Symonds, D r i m i lla &. C o m p a n y .  l i l t' . 

C L E V E LA N D  I N ST R U M E N T  C O M P A N Y ,  A S U B 
S I D I A RY OF T H E  B E N D I X  C O R P O RAT I O N  228 

Agen c y : Carp e n t e r ,  Lamb a n d  H e r r i c k  I n c .  

C L EV I T E  E L ECTRO N I C  C O M P O N E N T S  D I V I -
S I O N  O F  C L E V I T E  C O R P O R A T I O N . .  1 0  

.\gcllc y :  C a r r  Liggctl A d \'crl i s i n g- .  I n c .  

C O L L I N S  RA D I O  C O M P A N Y  . .  
_\g:CIlC )' : T r a c y - L o c k e  C o m p a n � .  I n c .  

C O R N E L L  A E R O N A U T I C A L  L A B O RATO R Y ,  

56  

I N C .  O F  C O R N E L L  U N I V E R S I TY . . . . . . . . . . . . . . . . . 286  
A g e n c y : B a r b e r  &. D r u llard I n c ,  

C O R N I N G  G LA S S  W O R K S ,  I N D U ST R I A L  
C O M P O N E N T S  D E P T . . . . . . . . . . . . . . . . . . .  207 

A g e nc y : T h e  Humrill  Company I n c . 

C R Y O G E N I C  E N G I N E E R I N G  C O M P A N y. . . . 1 66 
Ag:cn c y : T a l la n t/Ya t es A d v e r t i s i n g .  I n c .  

C RYO-TH E R M , I N C . .  . . . . . . . . . . . .  244 
A g e n c y : D o r e m u s  &. C o m p a n }  , I n c o r po ra t e d 

DAV E N  D I V I S I O N  O F  G E N E R A L  M I L L S ,  I N C  .. 230 
A g e n c y : K e y e s ,  M a r t i n  & C o m p a n y  

D O U B L E DA Y  AND C O M P A N Y ,  I N C . .  . . . . . . .  269 
Agen c y : F r a n k l i n  Spier, I n c .  

D O U G LAS A I R C R A FT C O M P A N Y ,  I N C . .  3 9  
Agen c y : J .  \V a l t e r  T h o m p s o n  C O nl p a n }  

EAST M A N  K O D A K  C O M P A N y . . . . .  9 5  
A g e n c y : T h e  H lilUrill  C o m p a n y  I n � ' ,  

E B E RT E L E CT RO N I C S  C O R P . . .  . . . . . . . . . . . . . . . . . . .  234 
Agenc y :  T h e  Leonard Rattner C o .  

E D G E RT O N ,  G E R M ESH A U S E N  & G R I E R ,  I N C . .  1 0 1  
Agen c y : R e a c h , l\l c C l i n t o n  & H Llll1 l! h r (" � , hH' . 

E D M U N D  SC I E N T I F I C  CO . . .  
Agen c y : W a l t e r  S .  C h i n i c k  C o m p a n )  

E L ECTRO I N ST R U M E N T S ,  I N C . .  
Agen c y : Teawell  & S h o l t y .  I n t .  

E L EC T R O  S C I E N T I  F I C  I N D U ST R I  ES . .  
Age n c y : K e n  W e b b e r/Advert i s i n g  

E L ECTR O N I C  ASSOC I ATES,  I N C . . . 
_\ �f' n (' y : Ga � n o r  & D u t a s ,  I n c  

FA I RC H I L D S E M I C O N D UCTO R ,  A D I V I S I O N  
O F  F A I R C H I L D C A M E RA A N D  I N ST R U -

296 

20 

1 9 3  

M E N T  C O R P O R AT I O N  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 2 1 ,  1 2 3  
A g e n c y : J oh n s o n  & Lewis, I n c .  

-

F I E L D  E M I S S I O N  C O R P O R AT I O N  . . . .  
Agen c y : H o rn e r  G r o e n i n g  Adver t i s i n g  Agenc y 

F R I D E N ,  I N C  . .  
:\ ;,:- (' n \: �  : R i e ilanl  N .  _\lc l t1.e r  A d v e r t i ;; i n g .  I n t' . 

G A R R ETT C O R P O RAT I O N ,  T H E ,  A I R E S E A R C H  

1 1 9  

1 8  

M A N U FACTU R I N G D i V i S i O N S. . . . 1 99 
Agenc y : J. W a l t e r  T h o m p s o n  C o m p a n )  

G E N E RA L  CABLE C O R P O R AT I O N  . . . . . . . . . . . . . . . . . . . . . .  2 1 1  
A ;,:- e n (' y :  H i c k s  & Greist  I n corporated 

G E N E R A L  D Y N A M I CS/ASTRO N A U T I C S  . . . . . . . . . . .  278 
A g e n c y : Barnes C h a s e  Company 

G E N E R A L  D Y N A M I C S/E L E CT R O N I C S  . . . . . . . . . . . . .  2 2 ,  23  
Age n (' }, : P h i l l i p s ·  R a m s e y ,  I n c .  

G E N E RA L  E L ECT R I C  C O . ,  C O M P U T E R  D E-
P A R T M  E N T  1 2  

A J,!' e n c y : F o o l e .  C o n e  & B e l d i n g  

G E N E R A L  E L ECTR I C  CO. ,  D E F E N S E  SYST E M S  
D EP A R T M E N T . . . . . . . . . . . . . . . . . . . . . . . . . .  2 3 1  

A g c n c }' : D e u t s c h  &. S h e a ,  I n c .  

G E N E R A L  E L ECT R I C  C O . ,  H EAVY M I L I TA R Y  
E L E CT R O N  I C S  D E PA R T M  E N T  . . . . . . . . . . . . . . . . . . . . . . . . . . 2 6 1  

Agettc y :  D e u t s c h  &. S h e a .  I n c .  

G E N E R A L  E L ECT R I C  C O . ,  I N ST R U M E N T  D E-
P A RT M E N T  1 77 

A g c n n  : G e o r g e  R .  i\e lso n , I n c .  

I N D EX  O F  
SEPTEMBER 

G E N
p
�RRi��MC T R I C  C O M P A N Y ,  X - R A Y  D E� 205 

'\ I!e n (' � : K l a u ·  \'an P i e t e r <l ( l l ll . O ; ; ; ;'ia l "  1 1 1 (' .  
G E N E R A L  M OT O R S  C O R P O R AT I O N  A L L I -

S O N  D i V i S i O N  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .' . . . . . . . .  251 , 253 
'\ j!enq : H ,  L. Hns� -\ (h e rt i 1j i n g  

G E N E R A L  M OT O R S  C O R P O RAT I O N ,  D E-
F E N S E  R E S E A R C H  L A B O RATO R I  E S . . .  . .. 201  

.\J.!l'llq : D .  P .  Bro t he r &. C OlTlpa ll } 
G E N E R A L  M OT O R S  R ES E A R C H  L A B O RA-

TORI  ES 52 
.-\g:ell C }  : C a m p b e l l - E wl.I l d  C O ll l pa t l )  

G O O D R I C H ,  B .  F . ,  C H E M I C A L  CO M PA N Y ,  A 
D I V I S I O N  OF T H E  B. F .  G O O D R I C H  
C O M P A N y  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I n s i d e  B a c k  Cov e r 

;\ge n c ) : T h e  Griswul d · E s h l e m a n  C o .  
G O O D Y E A R  A I R C R A FT C O R P O R AT I O N ,  A R I -

ZO N A  D I V I S I O N . .  252 
G U L F  O I L  C O R P O RAT I O N ,  P ET R O C H E M I -

C A L S  D E P A R T M E N T. . .  . . . . . . . . . . . . . . . . . . .  222 
Agenc y :  K e t c h u m ,  fllacLeod &. Grove.  1 11 (' .  

G U R L E Y ,  W .  & L.  E . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 3 2  
A g e n c y :  F r e d  W i t t n e r  C o m p a n y ,  I n c .  

H A R P E R  & R O W ,  P U B L I S H E R S  . .  . . .  27 1  
Agenc)' : D e n h ard &. S t e w a r t ,  I ,H' .  
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AC Spark Plug. The Electronics Division of 

General Motors, has accepted an exciting 

new challenge: the development and pro· 

duction of a navigational·guidance system 

for the first phase in NASA's APOLLO 

project of manned flight to the moon. 

We suggest that you inquire about the 

advantages of being associated with our 

new assignment or other projects now 

underway at AC. If you have experience in 

any of the following specialties and have a 

B.S., M.S., or Ph. D. in Electrical Engineer· 

ing, Mechanical Engineering, Physics, or 

M a t h e m a t i c s ,  s e n d  y o u r  r e sume to 

G. F.  Raasch, Dir. of  Scientific and Profes· 

sional Employment, AC Spark Plug Div., 

Dept. 5753L, Milwaukee 1, Wisconsin. 

MILWAUKEE _ Reliability Program Engineers 
- Field Service Engineers _ Electromagnetic 
Engineers - Supplier Contact Engineers _ 
Radar Systems Engineers - Radar Test Engi· 
neers _ Quality Control Engineers/Analysts 
- Technical Writers and Editors - Scientific 
Programmers 

LOS ANGELES RESEARCH AND DEVELOP
MENT LABORATORY (Airborne Digital Com
puters & Advanced Inertial Guidance Sys
tems) - Development Engineers - R& D 
Engineers - Circuit Design Engineers -
Systems Engineer 

BOSTON RESEARCH AND DEVELOPMENT 
LABORATORY (Advanced Inertial Guidance 
Systems & Components for Future Aircraft, 
Ballistic Missiles & Space Vehicles) - Sys· 
tems Engineers & Mathematicians - Electronic 
Circuit Engineers - Physicists _ Instrument 
Engineers - Electromagnetic Engineers _ 
Radar Systems Engineers 

AC SPARK PLUG .gg, 
THE ELECTRONICS DIVISION 

OF GENERAL MOTORS 

MILWAUKEE . LOS ANGELES . BOSTON • FLI NT 

An Equal Opportunity Employer 

AChiever Inertial Guidance for the TITAN II, THOR, 
and MACE/Bombing Navigation Systems I ntegrator for 
the B·52(C&D)/POLARIS Gyros and Accelerometers/ALRI 
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Book One 
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Acceleration in the development of nuclear reactors for 

rocket propulsion, under Los Alamos Scientific Laboratory's 

Project Rover, has created a variety of interesting new career 

opportunities in field testing in Nevada, as well as in design 

and development phases in Los Alamos. 

Three years' experience in one or more of the following areas 

is essential: Control Room Operations / Control System 

Design / Instrumentation and Data Analysis / Neutronics 

/ Radiation Effects / Technical Review of Rocket or Re

actor Test Facilities / Test Planning and Procedures / Re

actor Test Analysis / Heat Transfer Analysis / Stress 

Analysis (preferably related to reactor design and structures). 

Highly qualified applicants for 
research positions are invited 
to send resumes to: Director 
of Personnel, Division 62-90 

\ LOS ALAMOS, NEW MEXICO 

All qualified appliconts will receive consideration for employment without 
regard to roce, creed, color, or national origin. U.S. citiz.enship required. 
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EXPANSI N 
... creates new,opportunities for creative scientists 

Within a year, a construction program now underway will add 70% to 

the size of the Research Laboratories. A new two-story Physics Building will 

house vastly expanded research studies involving: masers, gaseous lasers, 

solid state chemistry, high pressure materials, high energy plasmas and 

others. Elsewhere in the new interlocking buildings there will be office 

areas, a large auditorium, multiple conference rooms and a cafeteria. 

All will be interconnected to present buildings 

which contain a complex of modern labora

tories, extensive thermodynamic and aerody

namic facilities and one of the nation's largest 

computational centers. 

We invite you to investigate this unusual re

search organization that is constantly growing 

in scientific stature as well as in physical plant. 

This growth plus strong corporate sponsorship, 

long-term continuity in programs and excellent 

salary levels has attracted many other mature 

scientists. Why not you? 

Positions 
are available in . . .  

Plasma Physics 

Nuclear Physics 

Solid State Physics 

Physical Electronics 

Quantum Chemistry 

Physical Chemistry 

Ceramics 

Celestial Mechanics 
Aeronautica I, Chemical, 
Electrical and 
Mechanica I Engineering 

RESEARCH LABORATORIES UNOT'O .. �JL"�""ON 
400 Main Street, East Hartf�rd e, Conn. � 

Please write, or call, 
Mr. E. H. Ciriack if you 
would like to discuss any 
of the above programs ... 

an equal opportunity employer 
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Current projects include 

guidance systems and devices for 

CENTAUR 

GEMINI 

DYNA SOAR 

USD·5 

621·A 

ADVANCED GUIDANCE TECHNIQUE 
... C I RCA 800 A. D . 

Some Norsemen thought it magic ... the way their 

navigators could "see" through fog or starless darkness. 

The magic was a lodestone pendant, a rudimentary 
compass, probably the first of man's more sophisticated 

guidance devices. Navigational techniques have 

changed, but the problem of guidance will be with man 

as long as the compelling need to explore is with him. 

At Honeywell in Florida, today's "magicians" are 

conceiving, designing, developing, producing and operating 

guidance and navigation systems and devices for any 

type of vehicle to be moved with precision from one place 

to another in the universe. The work is challenging ... 

the opportunities for personal and professional career 

growth are as great as the universe we are helping 

to explore. If your talents, experience and ambitions lie 
in the field of sophisticated guidance systems, we invite 
you to send your resume in confidence to Leif Ericson, 

professional placement . 

H 
HONEYWELL 

Honeyw-ell 
�1'�� 

13350 U.S. Highway 19, St. Petersburg, Florida 
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Planets Close Up! 

3" ASTRONOMICAL REFLECTING TELESCOPE 
Photographers! Adapt your camera to this Scope for 
ex{'cllent 'I'elephoto shots and fascinat ing I)hotos of moon! 

60 to 180 Power-Famous Mt. Palomar Ty!}e! An Unusual Buy! 

Hee t.he Rings of Saturn. 
the fascinating planet. 
l\Iars, huge craters on 
the Moon. Equatorial 
mount wi th lock on both 
axes. Aluminized and 
o\'ercoat.ecl 3" diameter 
hlgh-spced f/10 mirror. 
T e l c s c o p e  c o m e s 
equippcd with a BOX 
e.ycpiece and a mounted 
Barlow liens. Opt.ical 
Finder 'L'elcsCOI}C in
duded. Hardwood. port
ahlc tripod. li'Hf�f'; with 
Hcopc: Yaluable S'I'A H 

ClUH'L' plus 272-])age "IUKOBOOK OF HEA YEKS" 
pitH; 1I0W '1'0 I'SE YOl'1{ '!'ELES(,OPE" BOOK. 
St�ck No. 85.050·5 .......................... $29.95 Postpaid 

41f4" Astronomical Reflector Telescope! 
2:'ij :Power. Xew \'ibration-li'ree �Ictal Pedestal �Iount. 
Stock No. 85,105-S $79.50 F.O.B. Barrington. N. J. 

SPELLBINDING EXPERIMENTS with 
SILICON SOLAR CELL AND SUN BATTERY! � Experience endless fa�cination in 

I 
( 

��:���
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���ai';t\�g��lrs:
nt

�m�\��
t

::�.
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Yel�� 
I$. (See July '(j I PO/Hilor ,'ojeiOICC artit'le 

-"'rhe Boat That Huns on Sunlight" 
Iv for latest tcehniques). Plastic case llh" 
/, �i �I��l � �{M;'an�;;<;�

d
��:�a�e 

t
�la�;:II��� 

gh'es full data on 12 pat experiments. 
Stock No. 60,216-S ........................... ......... .. $2.25 Postpaid 
Selenium Photocell. Lower power. lower price than Silicon Cell. 
Stock No. 30-411-S ............ ......... .. ... .... $1.50 Postpaid 
Solar Cell and Photocell Handbook. Fascinating 112-Ilage Handbook on Silicon-Cell and Sclenium projects, demomtratiolls. etc. Kxplains photo-roltaic theory, performance. Gives infrared and ultra-\'iolet applications. Paperbound 6" x 9". 
Stock No. 9230-S ............................................. $2.00 Postpaid � MINIATURE WATER PUMP - . . : \\'onderful for experiment,',;, miniature water-falls. fount aim. 110 gagc railroad backdrops. etc. 'I'iny (:!% x 1%.") elcctric motor and PUIliP • ideal for hobhyists. labs. schools. l'UlliPS con"\ linuous flow of water at rate of olle pint per 

-.� ',=.:1 minute at a li" head. With i 0 batteries in series will Ilump to i4" high. Huns 48 hrs. on battery. "'orks in eithcr diretlion. Self priming. 
Stock No. 50.345·S ..................... ..... $2.25 Postpaid 

ANALOG COMPUTER KIT 

R�1i�(� Ideal introduction to the increas
ingly important electroni(' ('om
IJuter Held. For bright students. or anyone interested in this ne\1 
scielwe. Demonstrates hasic analog l'omputing principles-ean he used for llIultiplication. dh·i.qion. powcrs. roots. log. operations. trig prohlems. physics fortllulae, electricity and magnetism prohlems. )o;asil.r assembled with screwdrh'er and pliers. Opcrates on i flashlight hatteries. Electric meter and 3 potentiometers arc mounted on die-cut box . . Answer is indic'ated on dial. Computer is iO" long, 9" wide. '2" rlpI'P. 

Stock No. 70.341·S .......................... $14.95 Postpaid 

MAKE YOUR OWN POWERFUL 
ASTRONOMICAL TELESCOPE 

GRIND YOUR OWN ASTRONOMICAL MIRROR 
Kits c

�
ntain mirror blank, tool, abrasives, diag

onal 1ll11'l'Ol' and eyepiece lenses. You build instru

ments r:lI1ging in value from $75.00 to hundreds of doll<11'8. 

Stock No. 
70.003·5 
70.004·5 
70.005·5 
70.006·5 
70.007·5 

Die. Mirror Thickness Price 
4'/.' 3,4" $ 7.50 postpaid 6" I" 11.95 postpaid 
8" PI," 19.50 postpaid 10" ,, 1',4:: 30.75 I F.O.B. 12'12 2'/8 59.95 t Barrington 

BUILD A SOLAR ENERGY FURNACE �'(J A fascinating ne\\' fJeld. Build your own Solar ,'" I<'urnarc for . experimentation-many practical tlse�. Easy! Inexpcnsh'e! (Tse scrap-wood! We furnish instructions. This sun powered furnace ... will gcnerate territle l1eat-2000° to :1000°. Fuscs cnamel . to metal. Set paper aflame in sccfJnds. l'se our I"resnel Lens- I 4" diameter ... f.l. 14°. 
Stock No. 70.130·S. Fresnel lens .... $6.00 Postpaid 11" Sq. Fresnel L·cns I-'.L. H)" 
Stock No. 70.533·S .................................... $4.75 Ppd. 

SCIENCE TREASURE CHESTS " For Boys-Girls-Adults! 
Science Treasure Chest-Extra-powerful magnets. IXllarizing filters. compass. olleway-mirror film, prism, diffraction grating. and lots of other items for hundreds of 

. _ thrilling- experimcnts. plus a Ten [,ens Kit 
for making telescopes. mieroSCOI)es. etc. 
.Full instructions included. 

Stock No. 70.342·S ............................ $5.00 Postpaid 
Deluxe Chest . • .  Stock No. 70.343·S .. $10.00 Ppd. 
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Ycars in developmcnt. Equals $300 to $400 
instruillent. i'recision American made. 
Used for checking. inspecting:. sillull as
sClllhly work. Up to 3" working distance. 
('lear. sharp. crect image. \\·ide. :� (limell
sional field. 2 scls of objcctil'cs on rotating 
turret. 23X and 40X. 10 Day Free 'Trial. 
Stock No. 85.056.S ................ $99.50

. 

G OF SCIENCE . . .  REALLY 
RCULAR DIFFRACTION GRATING 

JEWELRY'" DIAMETER 

A Dazzling Rainbow of Color! 
As a scientific phenomenoll. this nel\' 
kind of jewelry is rapturing atten
tion everywhere. Shimlllering rain
bows of gem-like color ill jewelry of 
exquisite beauty-made with ('II{· 
(,UI .. AB. DH'FHACTIOX GltATlSG 
HI';I'LTCA .. JlIst as a prism iJreaks up 
light into its full range of indiddua! 
colors, so docs thc DifYraetiOIl Grating. 

Earrings .............. $2.20 Pstpd. 
Cuff links ............ 52.20 Pstpd. 
Pendant .............. S2.20 Pstpd. 
Tie·Clasp ............ $1.65 Pstpd. 
Bracelet 

(Six '/4" Gratings>. . .  $7.70 Pstpd. 

War Surplus American·Made 
Big sal'illgs! Brand ncw! Crystal 
('lear \'ie\1 ing-7 powcr. f;\'err opl i
('al element is coated. An exeellent 
night gla,<;s-thc size re('ommended 
for satellite viewing. Tllcliridual eye 
foeus. 1':xit pupil 7mm. Approx. field 
at 1,000 yds. is :�7G f1. Carrying 
('ase included. American 7 x 50's 
normally ('ost $�74.!iO. Our war sur-
plus price san�s .rou real !!lOlley. . 
Stock No. 1544-8 .... Only $74.80 postpd. ('l'ax induded) 
Ij x 30 BinO('ular-similar to above. a terrilie hargain. 
Stock No. 963-S ........ $33.00 Pstpd. (Tax included) 

FI NE VARI ABLE POWER TURRET 
SPOTTING SCOPE 

Xpots large or small game at great 
distanc·es. �hows target holcs in 
sharp detail. IfJX. iOX. :WX and -lOX. 
Quick adjustment to eadl. GOmm dia. 
al'hromatic ohj('('li\·e. l'arfocal cye
Ilic('es in crinkle hili{.' and hlaf'k and 
('Ilrome trim. Also llIetal dust cap. 
sliding sun shade. and adj. height 

from ]:31h" to lR". Length 1.)" . \\'1. :�% lhs. (inc'lulling 

S't��k
l

lNo. 70·194·5 .... .................... ...... $49.75 ppd, 

Remove Your Retaining Rings-Disassemble 
Lenses. Cameras. etc. -.-. ADJUSTABLE 

SPANNER WRENCH 
Made for U.S. 1\ ir Force-
availahle at a fraction of Gov
ernment cost. A top grade, 
"ersatile tool that every In

slrument and ('amera repair llIall or just plain tinkf'rer 
should OWfl. Adjllstllble for %" to 12" diametcr retaining 
rings. ('oIIlPletl' With six dift'crent pairs of points to tit ail 
tYlleS of slots and holes. ;l". 6". and 12" main bars. All steel 
and nicely platcd. 'I'hc Hnest tool we have evcr (,ollie aero.ss 
for this type of retaining ring work A.\'D a real hargalll 
at ollr low price. 
Stock No. 70.355·S .......................... $12.50 Postpaid 

WOODEN SOLID PUZZLES 

~ 
12 dift:'crent puzzles that will stimulate 
your ability to think and rCllson. IIcre 
is a faScinating assortment of wood puz
zlcs that will pro\'ide hours of plcasure. 
'I'weh'e different l)lIzzles. animals and 
gCOlllctrie forms to take apart and re
asscmble. givc a chance for all the fam
ily. young or old, to test skill, I}aliencc. 
and, hest of all, to stimulate abilit .... to 
think and reason while having lots of 
flln. Order yours now. 

Stock No. 70.205·S ....... : .................... $3.00 Postpaid 

MAIL COUPON FOR FREE CATALOG' 

WORLD'S LARGEST SOURCE OF OPTICAL PARTS 
160 pages! Over 1000 bargains! 
Huge selection of lenses. Make your 
own trains of lenses from simple, 
achromatic. magnifying and con
densing types. Choose from fabu
lous variety of filters, mirrors; flat, 
raw, and slab glass; pies every 
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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 ... ......... ...... Zone ... .... State .. . 

search, pages 355-379. American 
Geographical Society, Special Publi· 
cation No. 7, 1928. 

THE GEOGRAPHY OF THE POLAR REGIOKS. 

Otto Nordenskjold and Ludwig 
Mecking. American Geographical So
ciety, Special Publication No. 8, 
1928. 

THE OCEAKOGRAPI-IICAL PROBLEl\IS OF 

THE ANTARCTIC. Erich von Drygalski 
in Problems of Polar Research, pages 
269-283. American Geographical So· 
ciety, Special Publication No.7, 1928. 

SC1EXCE II\' ANTARCTICA. PART I: THE 

LIFE SCIEXCES. NAS-NRC, Publica
tion 839, 1961. 

THE TERHESTHIAL LIFE 
OF THE ANTAHCTIC 

AXTARCTIC HOTIFERA. James Murray in 
British Antarctic Expedition, 1907-
1909. Repol1s on the Scientific Inves· 
tigations. Biology, Vol. 1, pages 41-
65, 1910. 

AI\'TARCTlC AND SUB-ANTARCTIC PLANT 

LIFE AND SOME OF ITS PROBLEMS. R. 
N. Rudmose Brown in Pmblems of 
Polar Research, pages 343-352. 
American Geographical SOCiety, Spe· 
cial Publication No. 7, 1928. 

BIOLOGY AT EAST BASE, PALMER PENIN' 

SULA, ANTARCTICA. Herwil M. Bry
ant in Proceedings of the American 
Philosophical SOCiety, Vol. 89, pages 
256-269, 1945. 

INSECT HABITATS m ANTARCTICA. J. L. 
Gressitt and H. E. Leech in The Polar 

Record, Vol. 10, No. 68, pages 501-
504; May. 1961. 

THE SECOKD BYRD ANTARCTIC EXPEDI' 

TION-BOTANY. I: ECOLOGY AND GEO' 

GRAPHICAL DISTRIBUTION. Paul A. 

Siple in Annals of the Missouri Botan· 

ic{il Garden, Vol. 25, pages 467-514; 
May, 1938. 

MATHE�IA TICAL GAMES 

THE LonE OF LARGE NUMBERS. Philip J. 

Davis. Handom House, 1961. 
SOMETHING NEW ABOUT GOESINTOS. 

Aaron Bakst in Mathematical Pu;:;zles 

and Pastimes, pages 70-83. D. Van 
Nostrand Co., Inc., 1954. 

THE AMA TEUH SCIENTIST 

POLAROGRAPHY. I. M. Kolthoff and 
James J. Lingane. Interscience Pub· 

lishers, Inc., 1952 . 
PROGRESS IN POLAROGRAPHY. P. Zuman 

and I. M. Kolthoff. John Wiley & 
Sons, Inc.-Interscience Division, 

1962. 
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Estane means toughness everywhere 
New polyurethane material processes easily on standard equipment 

Does a material like this interest you? One that is 
tougher in many ways than any other thermoplastic 

material. One that keeps important physical properties 

in temperatures ranging from the biting cold of polar 

regions to blazing desert heat. 

Such a material is Estane polyurethane. 
Estane resists abrasion on geodetic buoy anchor lines 

that rub against sharp ocean coral. Estane demonstrates 
great toughness in fuel containers, passing impact tests 

far beyond similar metal containers. Estane is used in 

missiles and at launching pads for its toughness, high 

resistance to fuels and oils, and because it is not 

affected by g a m m a  rays. A nd E s t a n e  is u s e d  i n  

nuclear submarine conning tower cables because o f  its 

excellent mechanical toughness while keeping adequate 

flexibility even in ice-bound waters. 

With all these remarkable properties, Estane is easily 

processed on standard milling, calendering, extruding 

or molding equipment. No curing is necessary. 

If toughness is important in products you use or 

make, find out about Estane. Write B. F. Goodrich 

Chemical Company, Department BN-l, .3135 Euclid 
Ave., Cleveland 15, Ohio. In 

Canada: Kitchener, Ontario. 

B.EGoodrich Chemical 
I tane 

a division of The B.F.Goodrich Company 

© 1962 SCIENTIFIC AMERICAN, INC



remote control system for pipelines 
Today, oil and gas pipeline companies can substantially 
boost operating efficiency, cut costs and increase profits 
with AE's new Supervisory Pipeline System. 

With this automatic system a single dispatcher at a central 
location can start or stop remote pumping stations, open or 
close valves, or perform any other "on-off" function. 

A check-before-operate feature insures that the correct func
tion has been selected before it can be initiated. Lamps on 
the console indicate proper completion of each operation. 

AUTOMATIC ELECTRIC 

In addition, conditions along the entire pipeline can be 
automatically scanned and verified. Telemetered data on 
temperature, rate of flow, capacity, pressure, etc., are pre
sented in analog or digital form. 

Remote control and supervision solves many problems for 
the pipeline industry . . .  just as it can in any fie·ld. 

If you're looking for the solution to your control problems, 
write the Director, Systems Sales, Automatic Electric, North
lake, Illinois� 

'>ubsidiaryof GENERAL TELEPHONE&ELECTRONICS 
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