
SCIENTIFIC 

ERIC 

ASTERS IN THE LABORATORY F/FTF CEJVTS 
.fI'I'I'AVI'III'I'II'#/.f t7N.fIt71' /#1' ,1;/1I'.IIC1.f 

�/953 
© 1953 SCIENTIFIC AMERICAN, INC



or J'
or want of a suitable recovery process, 

tons of valuable metals are discharged to waste each 
year. At best, this means economic loss; at worst, 
stream pollution. AMBERLITE ion exchange-a 
process which finds needles in chemical haystacks
often can obviate both problems. 

The columns shown here will interest users of copper. 
They show how AMBERLITE® IRe-50, a cation 
exchange resin, efficiently adsorbs copper from solu
tions of its salts. Another cation exchanger, 
AMBERLITE IR-120, helps the rayon industry by 

THE RESINOUS PRODUCTS DIVISI ON 

removing zinc from rinse water. The zinc is then re-used, 

and highly toxic wastes have been decontaminated. 

There are many other examples: in electroplating, 
metal pickling, rare earth separations, and the proc
essing of paper mill wastes. If your work involves 
such problems, or others in which dilute solutions of 
metallic salts occur, AMBERLITE ion exchange may 
offer you a new process, or a better one. 

AMBER-HI-LITES, a bi-monthly report on ion 
exchange, is available on request. 

PHILADELPHIA 5, PENNSYLVANIA 

© 1953 SCIENTIFIC AMERICAN, INC



Engineers weighing the aerodynamic problems of 
space flight-or combustion problems of vehicle pro
pulsion-are now solving many of the most complex 
mathematical computations in a few minutes, right in 
their laboratories. 

This has been made possible by GEDA-the Goodyear 
Electronic Differential Analyzer - versatile electronic 
analyzer that solves complex problems and saves engi
neering man hours. 

For example, GEDA can compute.'l rocket's trajectory 
in space-or simulate a proposed engine control-in a 
matter of minutes. 

In the face of rising research costs, GEDA can be used 
by laboratories and manufacturers to develop improved 
products and methods - simulate control systems for 
machines and automatic industrial processes. 

And mark this: with GEDA-design parameters can be 
established and new avenues of investigation explored 
even before actual development work begins. The 
Goodyear Aircraft Corporation-operator of one of 
the world's largest computer application laboratories 
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-has been building GEDA's for more than five years. 

Write today for details on the new Model L3 and N3 
GEDA's-most advanced models yet offered for both 
government and commercial applications, Tts future 
industrial applications are limited only by the ability 
of engineers and design men to evaluate engineering 
problems in the light of precision simulation tech
niques. Address: Good year Aircraft Corporation, 
Department 65, Akron 15, Ohio. 

* PROUD OF ITS PART IN AVIATION'S 50 YEARS OF PROGRESS * 

OPPORTUNITIES UNLIMITED for engineers! 
Goodyear Aircraft has many opportunities in research, design 
development and production of ELECTRON.C COMPUTERS. 

AIRCRAFT . AIRSHIPS . HELICOPTERS . GUIDED MISSILES . 

AIRCRAFT COMPONENTS • TRANSPARENT ENCLOSURES. RADOMES 

• BONDED SANDWICH STRUCTURES. RADAR. WHEELS AND BRAKES 

and many other allied fields. 

Submit brief resume of your qualifications and experience or 

write today for application blank and further information. 
Address: Dr. K. Arnstein, Vice President of Engineering, 
Goodyear Aircraft Corporation, Akron 15, Ohio. 

GEOA-T . l\l , Goodyc:lr Air(.' r;lft Coq!l)ration, AI<ron 15, Ohio 

����========�====�==�==� 
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Gasket M ate r ials to 
Tolerances of + 5% 

As bestos-ru b ber gasket materials by Rogers Corporation feature 
superior thickness control plus homogeneity and dimensional stability. 

U NIFORM AND PRECISE THICKNESS of Rogers 
DUROID gasket materials assure even compress
ibility over entire surface of the packing. Now 
your allowances for gasket thicknesses can be 
actual- not wishful - and fastening torques can 
be standardized, an advantage that gains i n  
importance a s  assembly operations are increas
ingly mElchanized. 

MADE BY THE BEATER SATURATION METHOD, a 
manufacturing technique in which Rogers has 
maintained leadership since 1932, DUROID gas
ket materials are thoroughly mixed in a water 
slurry. Asbestos fibres are blended with the rub
ber to form a homogeneous sheet, free of pres
sure-weak lumps of uncoated fibre. 

OFFERING AN AMAZINGLY HIGH RATIO of tensile 
strength to density, DUROID gasket sheeting is 
available in three series of materials. In each 
series, formulations can be varied quite easily to 
meet specific requirements for compressibility 
and recovery. 

DUROID 3100 SERIES - Neoprene-base asbestos 
recommended for use with oil, gasoline, freon and 
in water systems with anti-freeze. DUROID 3102 
conforms with Spec. MIL-G-7021, Class 2 and 
AMS 3231. 

DUROID 3200 SERIES - Buna-N and asbestos 
recommended for oil, aromatic and non-aromatic 
fuel systems in which high temperatures and high 
pressures will be developed. DUROID 3200 con
forms with AMS 3232F requirements. 

DUROID 3300 SERIES - GR-S and asbestos recom
mended for water, anti-freeze and steam systems. 
Will swell in oil or gasoline applications. 

YOII NAME IT-WE'll MAKE IT-AND FABRICATE IT, TOO 

DUROIDS ELECTRICAL PLASTICS SHOE 
INSULATION 

Molding 
MATERIALS 

for Gaskets, fo'r Motors, Compounds for Counters, 
Filters, Transformers, and Midsoles, 
Electronics ... Generators ... laminates liners 

'1"" You can specify ±.002" for thick
nesses up to .031" and ±.003" for 
gauges up to Ya", for most grades. 

FOR ALL GRADES 
Gauges: .015" to ljg". Sheet 

size for .015" is 
25" x 72"; for all 

other gauges sheet 

size is 50" x 72". 

Rogers supplies DUROID gasket 

materials in sheets or in fabrica .. 

ted form, plain or graphite-coated. 

For test data, please write Dept. 

5, Rogers Corporation, Manchester, 

Conn. 

tou SAVE ' WHEN ROGERS fABRICATES fINISHED PARTS 
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LETTERS 
Sirs: 

I have read with a great deal of in
terest the article on the earth's electric
ity by James E. McDonald in the April 
issue of SCientific American; however, it 
does not seem to me that the account is 
complete without some reference to the 
first man who made use of the potential 
gradient of the earth's atmosphere for 
communication by wireless telegraph. 

Mahlon Loomis (1826-1886) was the 
son of Nathan Loomis, who in associa
tion with Benjamin Pierce of Harvard 
founded the American Ephemeris and 
Nautical Almanac. He was a dentist bv 
profession, but devoted the best part �f 
his life to research and invention. 

He became interested in the electrical 
charges which could be obtained from 
the upper air by means of kites carrying 
metal wires. At first he planned to use 
this natural source of electricity to re
place batteries, and it is stated in a bio
graphical sketch of his life that he actual
ly did so on a telegraph line 400 miles 
long. He next developed the idea of 
wireless telegraphy depending entirely 
upon the potential in the atmosphere as 
his source of energy. In 1868 in the 
presence of several congressmen and 
scientists he gave a successful demon
stration of his system. 

His method was as follows: From a 
mountain (A) near Lynchburg, Va., he 
sent up a kite secured by a wire. Con
nected to the wire was a sensitive gal
vanometer. On a mountain 18 miles 
away, which we will call B, a similar kite 
was flown with a galvanometer con
nected between the wire and the ground. 
When the wire of the kite at A was 

Scientific American. June. 1953, Vol. 188, 
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THE MOST IMPORTANT BOOKS 
A convent of nuns 
possessed by dev;"ls, 

In the Sciences - in Literature . . .  
a priest accused of 
witchcraft, a saintly 
mystic gripped by 
demons - these are the 
extraordinary elements 
of a powerful and 

absorbing book. 

In this illuminating 

At only $1.89 regardless of list price ... 
The notable books pictured and listed on this page are a sampling of 

the many distinguished volumes availabie to you, now, as a member of 

the Book Find Club-and as you will note, although the publishers' list 

prices range up to $6.00, as a member of the Club you pay only $1.89 per 
volume. Actually, this represents an average saving of more than 50% on 

the books you buy-and you buy only the books you want. 
study, one of America's 
outstanding anthropologists 
focuses her attention Called by the New 
on the relationship 
of the sexes 
in our changing 
world. 

List price 5.00 
Members Pay 1.89 

The major psychoanalytic 
theories from Freud, 
Adler, and Jung to the 
present are here set 
forth in a new and 
unifying way. The work 
also includes the great 
Oedipus trilogy of 
Sophocles. 

List price 5.00 
Members Pay 1.89 

This large volume 
contains all the novels 
and a selection 0/ the 
jinest short stories 
of one of America's 
most perceptive writers. 

List price 5.00 
Members Pay 1.89 

More than a history 
of science, this 
large work is a 
study of scientific 
thought from its 
earliest origins through 
the present time. 

List price 5.00 
Members Pay 1.89 

The most comprehensive 
study ever made of the 
sexual behavior of 
human beings and animals, 
based on a detailed 
analysis of the 
sexual patterns of 190 
contemporary societies. 

List price 4.50 
Members Pay 1.89 

A scholarly yet lively history 
of this significant science, 

replete with a wealth of 
biographical and 

anecdotal material. 

List price 5.00 
,Members Pay 1.89 

G8����:':::::'::;l York Times, "Without 
doubt the best general 
work on evolution to. 
appear in our time," 
this is a vital study of 
the history of life and of 
its significance for man. 

List price 3.75 
Members Pay 1.8.9 

Man's religious beliefs brilliantly 
examined from a naturalistic 
point of view. This encyclopedic 
study has been ranked with 

Frazer's Golden Bough. 

A landmark 

Physical anthropology 
is here studied, for 

the first time, in the 
light of modern science. 

�'The best book on race 
ever to be published." 

- Bernard Mishkin. 

in American historical 
literature, and a 
Pulitzer Prize winner. 

List Price 5.00 
Members Pay 1.89 

SPECIAL INTRODUCTORY BONUS OFFER 
And naw as your introduction ta the Book Find Club you may select 
any two books from those pictured or listed on this page-one as your 
Introductory Bonus Book and the other as your forst selection. You can 
thus receive UP TO $12.00 RETAIL COST OF 800KS FOR ONLY $1.89. 

List price 6.00 
Members Pay 1.89 

This highly absorbing 
book traces the growth of 
ideas in physics 
through Relativity. 
Its non-technical style 
is the essence of 
beautiful clarity. 

List price 3.50 
Members Pay 1.89 

"The Inner Experience 
of a Psychoanalyst," Dr. Reik's book 
has been favorably compared with 
Freud's Interpretation 0/ Dreams. 

List price 6.00 
Members Pay 1.89 

THE BOOK FIND CLUB 
THE BOOK FINO CLUB, 215 Fourth Avenue, New York 3 o THE DEVILS OF LOUDUN 

B THE GROWTH OF SCIENTIFIC IDEAS 

Pleose enroll me 05 a member and send me the Introductory Bonus NEGRO FAMILY IN THE U.S. 

Book and first selection I ha ... e indicated. I am also to receive each 0 ANNE FRANK: Diary of a Young Girl 
month the Club's literary magazine, the Book fInd News I understand B THE THURBER ALBUM 
I may occept as few as "" books a yeor at the SPECIAL MEMBERSHIP WHEN DOCTORS ARE PATIENTS 
PRICE OF ONLY $1.89 A BOOK (plus 24¢ pos.tage and handling) and 0 EPITAPH OF A SMALL WINNER 
may concel my membership at any timf! ofter purchasing .. selections. § MAIN STREAM OF MATHEMATICS (Check ony two of the boo�s Ijsted, one os your Introductory Bonus, PATTERNS OF SEXUAL BEHAVIOR the other os your (irst selectIon.) 

MAN AND H IS GODS 

NAME �:��P:S��y;�
M
!�� COMPLEX 

§ GENETICS and the RACES .f MAN 

Please print LISTENING WITH THE THIRD EAR 
o THE USES OF THE PAST AOORESS, ___________________ § MEANING OF EVOLUTION 

BALLAD OF THE SAD CAFE 

CITY· ________ -2Z0NE ___ STATE<-____ ���L�;I��
C
���HYSlCS 

(Prices slightly higher in Canada) 021-19 0 THE AMERICAN MIND 
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"GR A N O DIN E"® f o r m s  a z i n c-i r o n  
phosphate-coating bond o n  sheet metal 
products-automobile bodies and fenders, 
refrigerator cabinets, etc.-for a durable, 
lustrous paint finish. 
"LITHOFORM"® makes paint stick to 
galvanized iron and other zinc and cad
mium surfaces. 
"ALODINE" ,® the new ACP protective 
coating chemical for aluminum, anchors 
the paint finish and protects the metal. 

BUST PBOOFING 

"PERMADINE",® a zinc phosphate coat
ing chemical, forms on steel an oil-adsorp
tive coating which bonds rust-inhibiting 
oils such as "Granoleum." 
"THERMOIL-GRANODINE"® a manga
nese-iron phosphate coating chemical, 
forms on steel a dense crystalline coating 
which, when oiled or painted, inhibits 
corrosion. 

PBOTECTION FOB 

FBICTION SUBFJlCES 

The oiled "THERMOIL-GRANODINE" 
coating on pistons, piston rings, cranks, 
camshafts and other rubbing parts, allows 
safe break-in operation, eliminates metal
to-metal contact, maintains lubrication and 
reduces the danger of scuffing, scoring, 
galling, welding and tearing. 

IMPBOVED DBJlWING
' 

liND COLD FOBMING 

"GRANODRA W"® forms on pickled 
surfaces a tightly-bound adherent, zinc
iron phosphate coating which facilitates 
the cold mechanical deformation of steel, 
improves drawing, and lengthens die life. 

Send for descriptive folders and Government 
speci/icatiom chart Ott the above chemicals. 
Write or call for more information 01t these 
products, and advice on YOllr own metal-work
ing problem. 

AMERICAN CHEMICAL PAINT COMPANY 
General Offices: Ambler, Penna. 

Niles, Calif. Detroit, Mich. Windsor, Onto 

touched to the ground the .potential 
above mountain B was decreased suffi
ciently to cause a reduction in the deflec
tion in the galvanometer at that station. 
When the ground connection at A was 
broken, the galvanometer at B returned 
to its former position. By this means 
Loomis was able to carry out two-way 
communication by �10rse code over a 
distance of 18 miles without batteries or 
other sources of electrical energy, de
pending entirely upon the potential 
gradient of the air. 

Loomis obtained the promise of finan
cial aid from certain persons in Boston, 
but the stock market crash of 1869 
caused them to withdraw. Later he ob
tained promises of support from bankers 
in Chicago, but this was diSSipated by 
the fire of 1870. He then introduced a 
bill in Congress incorporating the 
Loomis Aerial Telegraph Company and 
including a grant of $50,000 to continue 
his experiments. The bill was passed by 
the House in 1872 and by the Senate in 
1873, but the appropriation was cut out. 
It is said that Loomis died broken
hearted because of his inability to estab
lish useful wireless communication. 

THOMSON KING 

Director 
Maryland Academy of Sciences 
Baltimore, Md. 

Sirs: 
The article by Alphonse Chapanis in 

your April issue entitled "Psychology 
and the Instrument Panel" was extreme
ly interesting. I am absolutely in agree
ment with his aims; however, I must 
make a few remarks concerning his state
ment that "One wonders why the public 
should not be provided with [gas and 
electric] meter dials it can understand." 
If all the economic factors involved in 
the sale of electricity to the average do
mestic or commercial customer are in 
balance, then there should be absolutely 
no necessity for meter reading on the 
part of the customer. The customer 
should feel that he has received full 
value for the money he spent toward 
electric or gas service, and, therefore, 
not have any interest in how many kilo
watt hours or cubic feet he has pur
chased. 

Certainly on the Pacific Coast this 
balance must exist, at least insofar as 
electric sales are concerned. Very few 
customers feel the need of reading 
meters; I am willing to venture that 
many of them do not know whether this 
service is purchased in kilowatt hours, 
foot pounds or ergs. 

I admit that it is at first a little more 
difficult for a professional meter reader 
to read a meter, due to the fact that the 
directions of the pointers alternate with 
each dial, but a meter reader reading 
anywhere from 200 to 400 meters a day 
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EASY • • •  INEXPENSIVE TO POST-FORM THESE PARTS WItH 

riM DILECTO CF-l 

• Non-After-Glow characteristic 
• A canvas-baseel laminate 
• Post-Forms to shapes in inexpensive colel molels 
• Excellent mechanical strength 
• Resists abrasion, has long life 
• Easily machineel anel puncheel 

Where can you use this new canvas-based C-D-F 
"Post-Forming" Dilecto grade CF-l? Presently it's 
used for a multitude of aircraft and semi-structural 
parts ... as ribbed panels, fan blades and ammuni
tion bay liners, guards and cover frames . . . as 
ventilating ducts, battery box containers ... switch 
covers, thermostat mounting plates, etc. CF-l has a 
tremendous potential in electrical as well as other 
industries because of its strength and light weight. 

"Post-Forming" Dilecto CF-l is easy to work with. 
Heated until pliable with infra-red, electric ovens, 
strip heaters or hot plates, or immersed in molten 
alloys. or hot oil, it is then quickly placed in a cold 
mold and pressed or formed until cold enough to 
retain the desired shape. Inexpensive molds can be 
made from hard wood, cast or laminated plastics, 
steel and metal alloys. Normally C-D-F supplies Di
lee to CF-l in sheets from 1/32" to 1/4" thicknesses. 

C-D-F's sales engineers (offices in principal cities) 
will cooperate with your designers and production 
experts. C-D-F also forms and fabricates Dilecco to 
your specifications. Write for technical bulletins 
describing Dilecto CF-l as well as other grades of 
Post-Forming Dilecto. 

NON-AFTER-GLOW - Post-Forming Dilecto CF-l incorporates special chemicals 

in the varnish that produce no apparent after-glow once an ignited speci

men has been extinguished. This product complies with the SAE-Aero

nautical Material Specification AMS-3605, latest revision. 

THE NAME TO REMEMBER 

SILICONES, TOO - C-D-F offers other post-forming grades of laminated 

Dilecto: Grade GB-SF is a glass-ba!e Silicone laminate furnished in a 

semi-cured state for forming pieces where high heat resistance and low 

dielectric losses are required. Can be formed into armature slot insu

lators, rectangular coil forms, primary-secondary cylindrical or rectan

gular insulators for dry type transfomers, etc. Grade XF Dilecto is a 

paper-base grade for mechanical applications where electrical properties 
are secondary . • fO' POST-"'"", DILEG" LA"""'D PLASTIGS 

T (}mo�-1JirJJnonrt 1� am,Mf 
NEWARK 15, DELAWARE 

5 

© 1953 SCIENTIFIC AMERICAN, INC



PLANT ... 

PRODUCT.;.. 

Whatever the function, Libra scope 

simplified Computers and Controls 

a re introducing new efficiency ... in 

plant, product and process control of 

c ontinuous or b a tch producti on. 

Whatever YOllr specific need . . •  

Librascope, Inc., designers and manu

facturers of both Analog and Digital 

Computers and Controls, can give 

you functionally designed equipment 

packaged to give the utmost in relia

bility and performance. 
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PROCESS 

analyzed-controlled 

by Librascope ... 

W hate ve r y o u r  p r o  b I ern-so I v in g 
background in engineering or physics, 
if you are experienced in computers, 
instrumentati on, ci rcuitry, and/or 
ma gnetic devices, you will want to 
know more about Librascope's plans 
for the future. 

TheSimultaneous Equation Solver, 
an integral part of Baird 

Associates, Inc. new spec to graph, 
is a simplified analog computer 

that resolves the machine's 
complex data output. 

1/ you desire the challenge 0/ advanced 

design fields, write to Dick Hastings, 

Director 0/ Personnel. 

I BItASCOPE-
o O R A T E D  

1607 FLOWER STREET, GLENDALE 1, CALIFORNIA 
A SUBSIDIARY OF GENERAL PRECISION EQUIPMENT CORPORATION 

quickly gets used to that. Actually the 
meter reader does not read a meter any 
more than one reads a clock by looking 
at the ciphers on the face. A glance to 
ascertain the relative position of the 
pointers is sufficient. That is what the 
meter reader does, and that is why a 
meter reader can read a meter from 
seemingly impossible distances. It is also 
the reason why utilities do not use cyclo
metric dials. If cyclometric dials were 
used, the meter reader would have to be 
very close to the meter in order to read 
the ciphers. This would entail additional 
footsteps and consume time. In addition, 
cyclometric dials impair the accuracy of 
the meter because of the additional drag 
they produce. Similarly a meter dial 
could be designed with all the hands 
running in the same direction, but there 
again the gear train would be much 
more complex than the present one and 
the accuracy of the meter would be af
fected. 

C. C. DELVAILLE 

Vice President 
California Electric Power Company 
Riverside, Calif. 

Sirs: 
As a lawyer, I find the problem of the 

man condemned to be executed within 
seven days ["Science and the Citizen," 
Scientific American, April] congenial. 

I have in mind two solutions, which, 
despite my admiration for W. V. Quine, 
I consider more straightforward than his. 
The more logical of the two is the fol
lowing: 

At nine o'clock on the second morning, 
say, the prisoner receives the following 
message from the judge: "When I pro
nounced sentence, I knew perfectly well 
that you were interested in mathematical 
logiC and therefore would reason as you 
did. Thus lulling yourself into a sense of 
security, you would not know that you 
would be executed on a given day; in
deed, you would be convinced that you 
would not be executed at all. Today is 
the day. You may choose between hang
ing and shooting." 

Incidentally, as far as I know, writers 
on logical paradoxes have never dis
cussed the legal problem of Tenvoi, 
which actually has arisen in the field of 
"conBict of laws." A contract is made in 
Virginia, to be performed in New York, 
and suit is brought on it in New York. 
The law of New York is that a contract 
shall be construed as if suit had been 
brought on it in the state where it was 
made. The law of Virginia is that a con
tract shall be construed as if suit had 
been brought in the state where it is to 
be performed. vVhich law governs? 

WEBSTER PETERSON 

St. Paul, Minn. 

© 1953 SCIENTIFIC AMERICAN, INC



�ave you tried Aloot) ActivBted Afumina ? 
Maybe you think a parched and sun-baked desert is 

dry. Brother, you don't know what dry means 'til 

you've tried ALCOA Activated* Alumina! 

ALCOA Activated Alumina is the "old reliable" in the 

desiccant field. It dries to lower dew points (minus 

100°F and lower) than any other commercial adsorbent. 

It will not swell, soften or disintegrate ... can be used 

over and over again almost indefinitely. 

ALCOA Activated Alumina has wide acceptance as an 

outstanding drying agent. It has simplified processing, 

sped up production, improved product quality for 

hundreds of manufacturers. Its desiccating properties 

are used in the chemical, food, candy, drug, metal, and 

petroleum industries as well as in air conditioning and 

the maintenance of oils. 

If your business requires speedy, efficient dehydration 

of liq uids, vapors or gases, put in a quick call to ALCOA, 

or write ALUMINUM COMPANY OF AMERICA, CHEMICALS 

DIVISION, 729-F Alcoa Building, Pittsburgh 19, Pa. 

"Reg. T.M., Aluminum Co. of America � "SEE IT NOW" with Edward R. Murrow • • • CBS· TV every 

: _ . Sunday . • .  brings the world to your armchair. 

�� Consult your newspaper for local time and channel. 

Alcoa " 
---------. -- ....:;®:....-_-ChernlcaBs 
ALUM I N UM COM PANV OF AMERI CA 
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What! 

feedback in 

Beethoven's Fifth? 

The human nervous system and a tem
perature control system both operate on 
the feedback principle. Pulsating sign als 
flash through a nerve n etwork in a closed 
loop of cause and ef fect, actuat i n g  a 
ph ysical response t o  s t imuli: sight, 
sound an d touch in the case of a concert 
pianist; h eat or cold in the case of a 
temperature control system. 

But there's more than feedback in a good automatic control system 
This is true in home, defense, or industry. For 23 years General Controls 
research specialists and design engineers have been refining the feedback 
principle. With Genet:al Controls you have greater sensitivity ... faster 
response ... less lag in the feedback circuit ... higher accuracy ... closer 
balance between the variables under control . . .  longer service life ... 
fewer service calls. These refinements make the difference between "ade
quate" control and the "best" control. For the best in controls it's 
General Controls. 

GENERAL CONTROLS 
Glendal", California Skokie, Illinois 
FACTORY BRANCHES IN 34 PRINCIPAL CITIES 
See your classified telephone directory. 

Manufacturers of Automatic Pressure, Temperature. Level 
and Flow Controls for Heating, Home Appliances. 
Refrigeration. Industrial and Aircraft Applications. 

for home comfort and health, 
America's home owners are demand
ing heating and air cooling systems 
regulated by General Controls auto
matic controls such as the attractive 
Wall Thermostat opposite. 

for industry and the military 
General Controls valves, such as the 
Hydramotor, right, provide remote 
control of steam, gas or "oil lines in 
chemical plants, refineries and power 
installations. 
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50 AND 100 
YEARS AGO 

JUNE, 1903: "Lord Rayleigh discuss
es the question: Does motion through 
the ether cause double refraction? He 
answers it in the negative. The question 
was suggested by the supposition of 
Fitzgerald and Lorentz that motion 
through the ether alters the relative di
mensions of bodies. Such a change of 
dimensions might naturally be accom
panied by a sensible double refraction, 
and as the beginning of double refrac
tion can be tested with extraordinary 
delicacy, the author thought that even a 
small chance of arriving at a positive 
result justified a careful experiment. The 
experiment was made with an appa
ratus consisting of a tube containing a 
liquid and mounted in a north and south 
direction at noon. At that time, the mo
tion of the surface of the earth is across 
the ether, and a beam of limelight may 
be used to detect any double refraction. 
The tube was mounted on a board which 
could be swung round into the east-west 
direction. Observations made upon bi
sulphide of carbon in a tube 76 cm. long 
failed to indicate the slightest shift of 
the band on rotating the board either at 
noon or at 6 p.m." 

"There is every reason for belieVing 
that radioactive substances have been 
discharging positive and negative elec
trons and Rontgen rays into space for 
ages, and there is no sign of any dimi
nution in the amount of energy which 
they give out. Physicists, imbued with 
the doctrine of the conservation of 
energy, have tried in vain to discover 
where the radioactive furnace gets its 
constant supply of fuel. Sir William 
Crookes accounts for the supply of ener
gy by supposing that the radium atom 
has the power of absorbing the energy of 
the more rapidly moving particles of the 
atmosphere, and thus gets over the dif
ficulty by endOWing the radioactive 
atoms with the superhuman powers of 
Maxwell's 'demons.' Rutherford thinks 
the energy is derived from the shrinkage 
of the atom, much as the energy of vol
canic eruptions is derived from the 
shrinkage of the earth. This would imply 
a transmutation into some other mate
rial, and Curie objects to this on the basis 
that the spectroscope has given no in
dication of such a change after an inter
val of several years. Curie himself thinks 
that radium utilizes an external energy 
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Cable lasher appears to right of workman. As the cable and support

ing strand feed through, the machine rotates, binding them together 

with steel Jashing wire. Meanwhile, a winch hauls the lashed cable 

into position. 

I T IS a job your telephone company faces every day. Thou
sands of miles of cable go up each year-all secured to steel 
strand running from pole to pole. The best way to secure 
cable is to lash it to the strand with a spiral binding of wire. 

One way to do this is to raise cable and strand sepa

rately, then lash them together by a rotating machine pulled 
along by workmen on the ground. This produces a strong, 
tight support for the cable. But each pole has to be climbed 
as many as four times. So Bell Laboratories engineers 

devised an easier way. 

Now, lashing can be done on the ground so that cable, 

strand and lashing wire may be pulled into position as a 

complete assembly. Usually workmen need make only two 
trips up each pole. 

For telephone users, the new way means that cable can 
be installed faster, while costs are kept down. It shows 
again how work at Bell Telephone Laboratories improves 
each part of your telephone system. 

How would 
you 
hang cable 

... by the 
mile? 

Bell Telephone 

La bora to ri es 
IMPROVING TELEPHONE SERVICE FOR 

AMERICA PROVIDES CAREERS FOR CREATIVE 

MEN IN MECHANICAL ENGINEERING 

9 
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Tiny Thermostats Embedded in Windings 

EliminafeOflti' 
II Bu("" 

DUE TO OVERLOADS 

Hermetically sealed· in - glass 
Edison thermostats are imper. 
vious to dust, moisture or cor
rosion-and are highly resist
ant to shock and vibration. 
You can specify them with 
confidence for temperature 
control in air, gases, liquids 
or solids. 

By winding Edison sealed - in - glass ther
mostats directly into the stator coils of 
heavy duty (1 to 700 h. p.) explosion
proof motors, Continental Electric Co., 
Inc. of Newark, N. J., guards against sin
gle phase failure and virtually eliminates 
the hazard of burn-outs due to overloads. 

These tiny, sealed thermostats were se
lected because they are unaffected by 
temperatures of 300· E encountered in 
baking the insulating varnish, prevent 
inadvertent damage to the windings and 
withstand maximum shock and vibration. 
Each of three groups of phase coils con
tains an EDISON thermostat which will 

r--------------, 

I J 

! ��:AYS �.' I 
I RELY � 
I ON EDISON I 

immediately detect a temperature rise 
caused by the opening of anyone of the 
three power leads. 

The rugged little thermostats guard 
against high temperature from any source. 
The' alarm may be visual or audible, or 
the thermostats may be installed in series 
with a stop button for automatic shut-off 
to protect unattended installations. Al
though they may never be required to 
operate, EDISON thermostats can be de
pended on for the life of the motor they 
protect. 

Write or call for full information. 

I'dltclmtat a &»on.. 
INCORPORATED 

Instrumen, Division 
Dept .. 22, West Orange, New Jersey 

L _____________ J ____________ _ 
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of an unknown nature. Evidently we are 
yet a long way from a complete solution 
of the mystery of radioactivity." 

"Telephone lines are very much over
burdened at present. Certain subscribers 
require a large number of communica
tions (fifty perhaps) per day, while 
others desire but two or three; and yet 
all pay the same amount. It would be 
equitable to remedy such inequalities by 
adopting a charge for each communica
tion. An automatic telephone that has 
just been invented by M. Henri Mager 
seems to lend itself very readily to the 
conditions required by the substitution 
of a charge per call for the subscription 
system. The person who wishes to tele
phone gives the handle several turns, 
and the central office answers. He then 
asks for the number of the person with 
whom he wishes to converse. As soon as 
his correspondent has answered, the 
operator notifies him of the fact. He then 
introduces the proper coin into the slot, 
and it is thereupon possible for the tele
phone to operate." 

"The most effective way of testing an 
egg is to subject it to the light, but under 
the old plan, when the egg was held 
close to the flame of a candle it almost 
invariably happened that the shell was 
blackened. The use of electric light has, 
however, rendered conditions perfect 
for a thorough test of the eggs and the 
utmost speed in handling. A fairly expert 
tester will examine at least two hundred 
and fifty eggs a day." 

"An interesting competition is to be 
carried out under the aegis of the Aero
nautical Society of Great Britain, to as
certain the maximum height to which it 
is possible to fly kites. The contest is of 
an international character, so as to ob
tain considerable data relative to the 
utility of kites for meteorological opera
tions, and the best type of kites with 
which to attain high altitudes. There is 
no stipulation regarding the size of the 
kites, but only single kites must be em
ployed, and a height of 3,000 feet is 
fixed as the minimum. The duration of 
flight must be one hour. Each kite will 
carry a weight of two pounds to repre
sent scientific instruments." 

JUNE, 1853: "The stone masons in 
Glasgow, Scotland, acting on the advice 
of Dr. Allison, of Edinburgh, have com
menced wearing mustachios as a pre
servative against the injury done to the 
system by fine particles of sand, while 
they are engaged dressing stones. Cus-
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([[lRzr;rAJ'll Dn 
SlEEVING shown actual size 

• 
. .  . . . ... . . ... . ... . ..  . .  . .  ... 

RBfJUSll is Readf-RBfil;JSll is Right! 
The 3 R's of High Temperature Insulation • • •  

Ref'rasil is Ready for the electrical world with textile sleeving that provides 
effective space separation for critical electrical applications. Ref'rasil sleeving 

is manufactured by a special process which enables this efficient material to 

withstand temperatures up to 2000° f: 

Refrasil is Right for the electrical world with a flexible, mineral insulation 
sleeving of high silica content that is chemically stable, unaffected by ordinary 

acids, and resistant to fire. 

If your electrical insulation must operate under extremely high temperatures 
or in a corrosive atmosphere, Ref'rasil sleeving is the efficient, inorganic 

insulation available in a wide range of sizes for a variety of applications. 

HITCO engineering counsel is available to you without charge to help you 
solve your high temperature insulating problems. For free sample of Refrasil 
sleeving, address inquiries to Mr. E. B. Williams, The H. I. Thompson Co., 
1733 Cordova Street, Los Angeles 7, California. 

WRITE OR CALL YOUR NEAREST REPRESENTATIVE: 
EASTERN 

Fred W. Muhlenfeld 
6659 Loch Hill Road 
Baltimore 12, Md. 

Valley 3135 

MIDWEST 
Burnie L. Weddle 

3219 West 29th Street 
Indianapolis 22, Ind. 

Hickory 8685 

SOUTHWEST 
Marshall Morris 

3513 South Drive 
Fort Worth, Texas 

Webster 2965 

Represented in Canada by RAILWAY & POWER ENGINEERING CORP; 

II 
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The 

••• A New Concept in Spectrography! 

BAUSCH & LOMB EXPANDS THE 

LI M ITS OF SPECTROGRAPHY B&L echelle instruments give 
you higher dispersion, higher resolution than ever before attainable 

in a standard spectrograph. 

Exclusive! Only Bausch & Lomb echelle instruments make all these 
advantages possible: 

• HIGHEST DISPERSION 
.3A per mm at 2000 A! 
.6A per mm at 5000 A! 

• ONLY THREE 10" 

PHOTOGRAPHIC 

PLATES COVER 

ENTIRE SPECTRUM! 

Bausch & Lomb 
Littrow-Echelle 
Spectrograph 

In one unit: the B&L prism sys

• HIGHEST RESOLUTION 
Actual resolving power of 160,000 
with routine excitation equipment; 
300,000 and higher achieved with 
special source equipment . 

• COMPACT -all these advantages 
in a conventional S-foot spectro.
graph. 

tem, for routine and advanced spec
trography, and ... at the flick of a 
switch ... the B&L echelle, unequalled by 
any standard instrument in linear separation 
and resolution throughout the spectral range. 

Write for complete information, 
Expert advisory service by a specially 
trained B&L spectrographic engineer 
is promptly available on request. No 
obligation, of course. Bausch & Lomb 
Optical Co., 78118 St. Paul St., Roch
ester 2, N. Y. 

Bausch & Lomb 
Echelle Attachment 

• If you already have a B&L 
Littrow Spectrograph, this at
tachment will multiply its 
usefulness, giving you all the 
exclusive advantages of B&L 
echelle spectrography. 

BAUSCH & LOMB CENTENNIAL 

W Bausch & Lomb S�� Equipment 

tom may be against such natural preven
tatives; but if it is found that they are 
at all beneficial, we deem it the duty of 
some of our medical readers to recom
mend their adoption by millers, bakers 
and others similarly exposed." 

"The French government has em
ployed a party of gentlemen to explore 
the site of ancient Babylon. From reports 
received from them it appears that they 
have ascertained beyond reasonable 
doubt that the ruins beneath the tumulus 
called the Kasr are those of the palace
citadel of Nebuchadnezzar. They are in • 

such a state of confusion and decay that 
it is impossible to form from them any 
idea of the extent or character of the 
edifice. They appear, however, to extend 
beneath the bed of the Euphrates, a cir
cumstance accounted for by the change 
in the course of that river." 

"In April, 1850, the Atlantic, the first 
of a new line of American steamships, 
left this port on her voyage to Liverpool 
to compete with the celebrated Cunard 
Line for the mastery of the seas. At in
tervals after thqt three noble consorts, 
the Pacific, Arctic and Baltic, were 
added to the line, all built after the same 
model. For the past two years they have 
made such voyages as have given them 
the supremacy over all the English 
steamships, both in point of speed and 
every excellent sea quality. This is man
fully acknowledged by Captain McKin
non of the Royal Navy in a work recently 
published, entitled The Resources and 
Settlements of America. He came to the 
United States in one of the Cunard 
steamships, and went back to England 
in the Baltic, one of the Collins Line, 
respecting which he uses the following 
language: 'I am only doing justice to 
these magnificent vessels in stating that 
they are beyond any competition the 
finest, the fastest and best sea boats in 
the world. I am sorry to be obliged to say 
this, but as a naval officer I feel bound 
in candor to admit their great superior
ity. Their extraordinary easiness in the 
sea cannot fail to excite the admiration 
of the sailor. I never beheld anything like 
it. No sea ever came on board, there was 
no violent plunging; the steaming of the 
Baltic was the absolute poetry of mo-
t" , " Ion. 

"The time is not far distant when all 
our railroads will be compelled to stop 
using wood for locomotive fuel, and the 
sooner they set about preparing for the 
change so much the better. It will be a 
good thing for passengers when wood 
ceases to be used; the spark punishment 
now inflicted on travelers will then be 
abolished. As no wood is employed on 
the English railways, we cannot see how 
it is that the same fuel used there cannot 
be used here with equal advantages; the 
coke from the Cumberland coal may 
bring about the desired relief." 
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NO. TEN OF A SERIES 

. . preClSlon 

equipment, using the new orm of universal 

records developed by this post-war pioneer in 

laboratory testing techniques. 

o 

Miniature Precision Bearings 

incorporated, are the originators and pioneer developers of radial ball 

bearings in miniature sizes. More than twenty years ago, SIPH engineers devel

oped the first miniature radial ball bearings with ground races. From an origi

nal group of five ball bearings, MPH has developed a comprehensive line of 

more than 130 types and sizes, many of which now form the basis for inter

national standardization. 
I 

Thousands of contemporary problems involving space, weight, and friction 

are being solved by the extensive variety of MPH ball bearings. They are fully 

ground, lapped, and/or honed to ABEC 5 tolerances or better. IUPH ball bear

ings are torque tested, ultrasonicly cleaned, supplied in specific tolerances and 

classified within the tolerances for prompt assembly and maximum service. 

!\IPH ball bearings are normally supplied in 10 series, from 1110" to 5/16" o.d., 

of high carbon chrome bearing steel. Most are supplied in stainless steel, some 

in beryllium copper, and all are assembled with best quality balls. 

The wealth of engineering knowledge gained through participation in more 

than a million applications is available. Calion us for assistance, also request 

new catalog 53 and supplementary data sheets SA6. 

Because of recent plant expanSIOn, our facilities permit us 
to schedule prompt delwery rif most Slzes. We would welcome 

� Mini�::;:ry;�:�;��:: ;'::rings ,7 0 In'Mporated '7 Keene, New Hampehh'e 

(( .f pioneer precisionists to the World's loremost instrument manufacturers" 
save 
space 
weight 
friction 
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REALM OF CHELATE CHEMISTRY 
This new and freshly minted coin is your passport to the realm 
of chelate chemistry. Because it bears the basic formula that gives 
precise control over trace metal excesses or deficiencies, it can 
be spent to solve the problems caused by these conditions. It is true 
"coin of the realm" with power limited only by the imagination and 
ingenuity of the spender. 

VERSENE® CONTROLS TRACE METALS 
Chelate chemistry and the Versenes (powerful chelating agents) are 
moving faster now. These new weapons are being used to attack and 
overcome all kinds of trace metal troubles ranging from microbial 
nutrition to soap and textile processing. Stemming from laboratories 
everywhere, their applications now extend into all kinds of 
industry, agriculture and medicine where chemical formulations 
or processing are involved. 

AT YOUR SERVICE - THE VERSENES® 
When you have a serious chemical problem or an interest in the 
control of metallic ions in solutioh, please call on the Versenes. 
Unduplicated in quality, these powerful chelating agents are 
guaranteed for uniformity of complexing power. Made only under 
patents and processes originated and developed by F. C. Bersworth, 
they are exceptionally stable at high temperatures throughout the 
pH range. Write Dept. J for Technical Bulletin No.2 and samples. 
Chemical counsel for special problems. 

Y7L""'Ai:.,,� /I vr�U;��e � 

BERSWORTH CHEMICAL CO. 
FRAMINGHAM, MASSACHUSETTS 

Copyright 1953- Bersworlh Chemical Co. 

THE AUTHORS 
JACQUETTA HAWKES ("Stone

henge") is an archaeologist, a writer on 
science, a poet and a playwright. She 
was born in Cambridge, England, in 
1910, the daughter of Sir Frederick 
Gowland Hopkins, pioneer biochemist 
and discoverer of vitamins. At the age 
of nine she wrote an essay expressing 
a determination to be an archaeologist, 
and at Cambridge University she won a 
first-class honors degree in archaeology 
and ethnology. She has specialized in 
the study of ancient Britain, and has 
written a number of books on the sub
ject, one in colJaboration with her hus
band, the archaeologist C. F. C. Hawkes. 
As archaeological adviser to the Festival 
of Britain in 1951, she organized its ex
hibit on the Origin of the People. For 
this she was awarded the Order of the 
British Empire. Her book A Land, a 
vividly written account of the formation 
and prehistory of the British Isles, was 
a best selJer in England and in the U. S. 
During the past decade Mrs. Hawkes 
has become increasingly interested in 
creative writing. She has published col
lections of poems and is co-author with 
J. B. Priestley of a new play, The White 
Countess, which will be produced in 
New York next fall. 

W. R. STAMP ("Underwater Tele
vision") is on the staff of the Admiralty 
Research Laboratory of the Royal Naval 
Scientific Service at Teddington, Eng
land. He entered the Service in 1945 di
rectly from London University, where 
he had taken his degree in physics. For 
the next few years he worked on photo
graphic research and the applications 
of photography to naval problems. In 
1950 he was transferred to work on tele
vision on what he calls "the doubtful 
grounds of having built a home tele
visor." Stamp was the leader of the team 
that made the first practical use of un
denvater television in identifying the 
lost submarine H. M. S. Affray among 
the numerous wrecks lying at the bot
tom of the English Channel. He is mar
ried and finds outlet for his surplus ener
gies in "domestic engineering, scientific 
instrument making and taking anything 
to pieces to find what makes it tick." 

REIDAR F. SOGNNAES ("The Skin 
of Your Teeth") is professor of oral 
pathology and Associate Dean of the 
Harvard School of Dental Medicine. 
Born in Bergen, Norway, he "learned 
English and earned my first pennies as 
a horse-and-buggy tourist guide." After 
attending the Latin Gymnasium in Ber
gen, he went on to study dentistry in 
Leipzig and in Oslo, graduating slImma 
cum laude in 1936. His dental research 
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Operator transfers evacuated retort from heating 
to cooling station of Stokes Vacuum Annealing 
Furnace, designed and built for the processing, 
annealing and other heat treatment of titanium, 
zirconium, hafnium, copper and other metals. 

Diesel locomotive armature being removed, 
after impregnation, from Stokes high vacuum 
impregnating tank in the San Bernardino, 
Calif., plant of Atchison, Topeka & Santa Fe 
Railway. Electric motors for the Santa Fe's 
tlChief" and "Super Chief" develop such ex
cessive heat that ordinary insulation would 
swell or burst, causing the rotors to "freeze" 
in the mounting. By impregnating these rotors 
with protective resins under high vacuum in 
Stokes impregnators, each turn of wire is held 
in place, motors operate without interruption. 

One of the uses for the complete custom-built installation of Stokes vacuum 
freeze-drying equipment in Pitman-Moore Company's new million-dollar plant 
at Indianapolis, Ind. is to produce gamma globulin to combat poliomyelitis. 
One of the steps is drying the material from its frozen state. Operators are 
shown removing trays of gamma globulin from Stokes freeze-dryers. Tempera
tures are as low as 40° below zero F. during part cf the freeze-drying cycle. 

Installation of Stokes Rotary Vacuum Dryers used by Metals Disinte
grating Co., Berkeley, California, for drying of aluminum powder. 
Highly oxidizable materials can be handled without any danger of 
combustion or explosion when they are processed under vacuum. 

Vacuum at Work 
Diesel locomotive motors, paper and metals, 

medicines, electrical parts, toys ... are but a few in 

a wide range of products which are processed in 
vacuum for the good of mankind and the profit of business. 

The application of vacuum engineering to industry is a major 

function with Stokes engineers. And naturally so, for it is 

at Stokes' that many of today's accepted procedures of vacuum 

processing had their inception during the last fifty years. 

Stokes is FIRST in Vacuum . . .  first in the design and 

manufacture of practical vacuum processing 

equipment ... and Stokes engineers are available for 

consultation on opportunities to apply 

vacuum processing to your business. 

F. J. STOKES MACHINE COMPANY, PHILADELPHIA 20, PA. 

STOKES 
, 

STOKES MAKES: High Vacuum Equipment, Vacuum Pumps and Gages / Industrial Tabletting, Powder Metal and Plastics Molding Presses/ Pharmaceutical Equipment 

15 
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An inlormation advertisement 01 Condenser Products Company 
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In the guided missiles program, as in other branches of the national defcnse. 

CP engineers have worked in close collaboration with government engineers. 

Working ��In Harness" 
CP's engineering staff possesses seasoned experience in working "in harness" 

with industrial, university, and government design staff engineers on projects 

of the highest significance, to the national welfare, and the competitive busi

ness economy. Your engineering problem will receive the immediate attention 

of CP's corps of design and specification engineers. 

• IF your chief design engineer specifies a capacitor designed to specific 
characteristics, the CP capacitor you order will be designed exactly that 
way, if practical. If your business uses electrical or electronic compo
nents, you can order them from CP with the assurance that every unit 
will conform to your most rigid design specifications. Every single unit 
in a quantity production run will conform just as precisely to specs as 
the original pilot model. 

PLASTICON GLASSMIKES PLASTICON TYPE "M" 
HI-VOLT POWER SUPPLY 

Gn"enser prOducts COlnp"ny 

started the following year, when he in
spected the fabulously good teeth of the 
inhabitants of Tristan da Cunha, a lone
ly island in the South Atlantic, as a mem
ber of a Norwegian expedition to the 
island. Sognnaes came to the U. S. in 
1938 to study at the Forsyth Dental In
firmary for Children in Boston. Then he 
spent two years at the University of 
Rochester as a Carnegie Research Fel
low, receiving a Ph.D. in 1941. He spent 
the war years with the Royal Norwegian 
Airforce in Canada and in Europe, re
turning to this country in 1945 to take 
an appointment at Harvard. 

GEORGE W. GRAY ("A Larger and 
Older Universe") is on the staff of the 
Rockefeller Foundation. His job takes 
him to universities, observatories and 
other research institutions over most of 
the Western Hemisphere, looking into 
and writing reports on projects sup
ported by Rockefeller grants. Born in 
Texas, Gray entered the University of 
Texas and shortly found himself headed 
for a career in physiology. Within a 
year, however, he left the University 
because of illness. After his recovery he 
worked for the Houston Post and then 
went to Harvard University. He gradu
ated in 1912 and joined the staff of the 
New York World. During the 1920s he 
turned freelance and began to concen
trate on the natural sciences, contribut
ing many articles to magazines, as well 
as writing a number of books. His pres
ent article is his 12th for SCIENTIFIC 
AMERICAN . One of them, "The Great 
Ravelled Knot," which appeared in the 
October, 1948, issue, won him the 
A.A.A. S.-George Westinghouse Science 
Writing Award for the best magazine 
article of the year. In his comprehensive 
article on "The Universe from Palomar" 
in our February, 1952, issue, be told 
about the beginning of the studies whose 
fruition he reports this month. 

HAROLD F. WALTON ("Chela
tion") is associate professor of chemis
try at the University of Colorado, in 
charge of his department's analytical di
vision. He was born in Cornwall, Eng
land, and educated at Oxford University, 
where he took a doctorate in chemistry 
in 1937. He spent a year at Princeton 
University as a postdoctoral fellow and 
then went to work as a research chemist 
for the Permutit Company. From there 
he went to Northwestern Universitv, 
where he taught for six years, and tb�n 
to Colorado in 1947. His chief research 
interest is ion exchange, on which he 
wrote an article for the November, 1950, 
issue of this magazine. Walton is a mem
ber of the Colorado Mountain Club and 
leader of the Rocky Mountain Rescue 
Group. 

KARL MARAy!OROSCH ("A Ver
satile Virus") attributes his "taste" for 
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Remington Rand U�ivac Electronic Computers Now Make Available • • •  

FAS'IER FAC'I·POWER FOR MANAGEMEN'I 
Reels of magnetic tape are utilized with REMINGTON 
RA D ELECTRONIC COMPUTER SYSTEMS solving intri
cate computations for !msiness, for industry, for 
science, for government. They operate at speeds that 
put facts at management's fingertips with breath
taking rapidity. They give management today data 
which it formerly had to wait months to obtain. 

One inch of magnetic tape, the input medium for 
R e m i n g t o n  R a n d  U N I VAC, h o l d s  e v e n  m o r e  
information than a punched card. One reel holds 
1,400,000 numbers or letters. Two 4-drawer tabulat
ing-card files, storing more than 20,000 cards, are 
compressed into a single eight-inch reel. 

A Computer for Every Need 
You expect leadership from the leader ... and 
Remington Rand machines, using magnetic tape in 

THE FIRST NAME IN BUSINESS ELECTRONICS 

Eckert Mauchly Division: Univac Fac-Tronic System 

Remington Rand: Punched-Card Electronic Accounting Machines 

addition to all other input media, offer the greatest 
variety of equipment for every computing job. 

With the UNIVAC Fac-Tronic all-purpose com
puter system you can switch quickly from accounts 
receivable to payroll preparations, to matrix algebra 
to differential equations. The new ERA 1103 general
purpose computer system performs feats of mathe
matical computations, industrial and economic 
planning, and automatic process control - at speeds 
undreamed of a few years ago. The Remington Rand 
Punched-Card Electronic Computer handles compu
tations, records, and general accounting problems. 
(Also, Remington Rand will design and build compu
ters to specifications to solve your specific problems.) 

For free descriptive folder, "UNIVAC," EL 109.1, 
write on your business letterhead to Room 2851, 
315 Fourth Avenue, New York 10, N. Y. 

• 
I N C . 

Engineering Research Associates Division: ERA 1103 General-purpose Computer System 

1 7  
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a major new 
Va" de Graull 

installation REGISTERED U.S. PATENT OFfiCE 

for pr@cisioD r@s@arch 
. . .  operating at one to six miJlion volts 

18 

has now been completed at the 
new Nuclear Physics Labora
tory of the William M. Rice 
Institute, Houston, Texas. 

This installation is the 32nd of 
the Van de Graaff accelerators 
designed and constructed by 
HIGH VOLTAGE ENGINEERING 
CORPORA TION and being used 
throughout the world for pre
cision nuclear research, radio
biology, sterilization, cancer 
therapy, and radiography. 

Type C. Model H. 5.5·MeV Van de Graaff 
positive·ion accelerator 

Operating range .... . .... . . . . ... . . ... . .. . . . . .. 1 to 6 million volts 
Ion Beam . . . ... ... . . . . . . . ................ ... . . .. . .. . . . .. ... 100 p.a total. 
50 p.a analyzed ions, stable to within ± 1 part in 1000. 

Standard equipments are also 
available with operating rat
ings from 0.5 to 2.0 MeV. 
Specialized designs can be 
furnished to meet your partic
ular requirements. Our ex
perience in applied radiation 
energy is at your disposal in 
planning your research pro· 
gram. Your questions about 
Van de Graaff equipment will 
be a n s w e r e d  fu l l y  a n d  
promptly. 

Photo courtesy Pierce and Pierce, Architects. 

HIGH VOLTAGE ENGINEERING CORPORATION 
Vi " 
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the viruses described in this article to a 
background in zoology, botany and ag
riculture. Born in Vienna in 1915, he 
graduated in 1938 from the Warsaw 
Agricultural University, specializing in 
animal breeding and beekeeping. As a 
civilian internee in Rumania during 
World War II he did research on plant 
pathology at the University in Bucha
rest. In 1947 he came to the .U. S. , re
ceived his Ph.D. from Columbia two 
years later, and his citizenship in 1952. 
Since 1949 he has been at the Rocke
feller Institute for Medical Research. 
For his studies of the aster yellows virus 
he was awarded the A. Cressy Morrison 
prize of the New York Academy of Sci
ences in 1951. In his spare time Mar
amorosch is an ardent photographer and 
has accumulated a large collection of 
candid shots of scientists. 

HAROLD C. REYNOLDS ("The 
Opossum") has been studying this primi
tive marsupial for several years, first at 
the University of Nebraska, and since 
1946 at the Museum of Vertebrate Zool
ogy of the University of California, where 
he is now assistant curator of mammals. 
He has been breeding marsupials in cap
tivity-a feat never before accomplished. 
He was the first biologist ever to observe 
the birth of a litter of opossums. This 
year he is lecturing at a U. of C. ex
tension school in Japan. While overseas 
he will also spend some time in Australia 
studying marsupials. 

GERARD H. MATTHES ("Q�ick
sand") learned about his subject the 
hard way. As an engineer for the U. S. 
Geological Survey around the turn of 
the century he led a surveying party 
into the Far West. When a river had to 
be crossed, Matthes would ride into it 
on horseback to find a ford that could 
be negotiated by a heavy covered wagon 
drawn hy four horses. He soon learned 
how to recognize and avoid quicksand 
and how to extricate mired men and ani
mals. Matthes was born in Holland in 
1874. His early interest in waterways 
was fostered by an uncle who was chief 
engineer for the country's dike and canal 
system. He came to the U. S. to study 
at the Massachusetts Institute of Tech
nology and graduated as a civil engineer 
in 1895, specializing in hydraulic en
gineering. He has worked for various. 
government agenCies and for private 
power companies on irrigation, reclama
tion and flood control. As a War De
partment engineer in the early 1920s 
Matthes surveyed the Tennessee River 
and its tributaries. This comprehensive 
study, embracing problems of" naviga
tion, water power, flood control and 
mineral resources, was used in creating 
the TV A some 10 years later. During 
World War II Matthes was director of 
the U. S. Waterways Experiment Station 
at Vicksburg, Miss., and was awarded a 
medal for his services. 
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istors? 

and ... 
New Mallory Products Speed Their Use 

ANCES are that in recent months you've read and heard about transis
tors-those mighty miniatures of electronic magic that offer great hopes 

of startling changes and improvements in many things used in our homes, 
offices and factories. 

And perhaps you've said to yourself "Sounds great but probably far in 
the future." 

Actually, transistors are in commercial use right now-for example, in 
amazing new hearing aids no bigger than a pocket-sized cigarette lighter ... 
and they operate with the help of two tiny new electronic components devel
oped in Mallory laboratories ... produced in Mallory plants. 

A dime-sized Mallory Mercury Battery powers these hearing aids. And a 
precision-made Mallory Capacitor no bigger than the eraser on a lead pencil, 
filters the current to insure buzz-free tone. 

Other commercial uses for the midget transistors are on the way-some 
just around the corner. A portable TV set ... that wrist radio small boys 
dream about ... less costly, more efficient electronic office and factory 
equipment. 

When they do reaCh market, you'll find Mallory playing a vital role in the 
transistor field. 

The specialized knowledge and Jacilities 
that enable Mallory to anticipate and fill 
the needs oj those using transistors, are 
available to manuJacturers in electronics, 
electrochemistry and metallurgy. Call or 
write Mallory today. 

M i#i['['o'iiY 
SERVING INDUSTRY WITH THESE PRODUCTS: 

EI.ctr.III.chanlcal • ResiBlors, Switches, Television Tuners, Vibrators 
Eleclrech ... lcal • Capacitors, Re ctifiers, Mercury Batterie s 
............. . ConIaGIe. 8peciol MeIlJIe and CeramklJ. Weldilw .II"""..,. 
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PIEZQTRONICS MADE THESE POSSIBLE 

What can it do for you? 

Modern piezo-electric materials performing the generating function 

have improved microphones, instruments and submarine detectors 

alike. Here the piezotronic elements generate electrical signals in 

response to varying pressures. Other products make use of the motor 
function, or the electric-storage, the optical, the electro-optical, the 

condenser or the impedance functions. 

So that you can easily experiment with piezo-electric materials, in 

conjunction with your product development programs, Brush has 

prepared an "idea kit" of piezo-electric elements. This kit is avail
able at nominal cost. 

Send your check with the coupon today for the kit of sample piezo

electric elements. Or write for the new free brochure and technical 

bulletin. Find out how piezotronics can help develop new products 

for you or improve your present products. 

BRUSH ELECTRONICS II COMPANY 

INDUSTRIAL AND RESEARCH INSTRUMENTS - -- --
formerly 

PIEZO-ELECTRIC MATERIALS ACOUSTIC DEVICES -_. 
The Brus/t Development Co. 
Brush Electronics Company 

is an operating unit of 
Clevite Corporation. 

-- --
ihuj.J·mtU MAGNETIC RECORDING EQUIPMENT 

U LTRASON Ie EQUI PM E NT 

---------------r �R�S�;;E��;;;��O_;��,�E-;;-;:;-----I 3405 Perkins Avenue, Cleveland 14, Ohio 

20 

I Please send me the following: 

� 0 ���I��:di:�h��kzfu;\e9��5�c elements. 

I 0 PIEZOTRONICS Brochure (free copy) 
I 0 PIEZOTRONICS Technical Data (free copy) 

I Name ________________________________ _ 

I Company' ______________________________ _ 

I Title ____________________ ____________ __ 

I A d dress ______________________________ _ 

I City State' ___ _ 

THE COVER 
The plant at the right in the photo
graph on the cover is an aster af
flicted with a disease called aster 
yellows (see page 78). The plant at 
the left is a healthy control. Aster 
yellows is caused by a virus which is 
transmitted by a tiny leafhopper. 
The interesting thing about the vi
rus is that it multiplies in both its 
plant and insect hosts; this makes it 
one of the very few organisms that 
infect both plants and animals. In 
the laboratory the transmission of 
aster yellows is studied by bringing 
the leafhoppers in contact with the 
plant by means of a small plastic 
chamber. One such chamber is af
fixed to a leaf of the diseased aster; 
another may be seen at the right. 
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.... :::> u DESIGNING WITH ALUMINUM 

This is one of a series of information 

sheets which discuss the properties of 

aluminum and its alloys with relation to 

design. Extra or missing copies of the 

series will  be supplied on request. 

Address: Advertising Department, Kaiser 

Aluminum & Chemical Sales, Inc., 1924 
Broadway, Oakland 12, California. 

THERMAL CONDUCTIVITY, REFLECTIVITY 
CONSIDER USE OF ALUMINUM ALLOYS WHERE HEAT CONDUCTION 
OR RADIANT HEAT REFLECTION IS REQUIRED 

AT first glance it may appear to be a 
paradox that aluminum is both a good 

thermal conductor and a good reflec

tor of radiant heat, but two separate 

phenomena and properties are in

volved. 

Conduction is the process of heat 

transfer through a material by kinetic 

energy. Radiation is the transmission 

of energy from a source to a receiver 

through space by electromagnetic 

waves; those chiefly responsible for 

heat radiation are similar to but of no 

longer wave length than those for 

light. When absorbed, the radiant en

ergy increases the temperature of the 

absorbing body. 

The possession of these two dis

tinct properties-thermal conduction 

and radiant reflectivity-has proved 

of outstanding value in many success

ful applications of aluminum, espe

cially as they are combined with such 
other properties of aluminum as cor

rosion resistance, light weight and 

strength, workability and economy. 

Aluminum best conductor 
on weight basis 
Of the commercial metals aluminum 

ranks second only to copper in ther
mal conductivity on a volume basis. 

On a weight basis, however, alumi
num has the highest thermal conduc

tivity, with various aluminum alloys 

being superior to copper by a wide 

margin. 

The relationship between some 

aluminum alloys and other metals 

with respect to thermal conductivity, 

as illustrated in the charts in the next 

column, shows why aluminum is 

worth considering where it is neces

sary to conduct or dissipate heat. 

Localized "hot spots" resul ting from 
use of a metal of inferior conductivity 

are troublesome and reduce efficien-

RELATIVE THERMAL CONDUCTIVITY BY � 
METALS 0% 10% 20% 30% 40",4 50% 60% 70% 80� 90% 1 00% 

Copper 

Aluminum-
25-0 
505-0 

Red Brass 

Aluminum -13 Alloy' 

356 Alloy' 

Zinc 

Mognesium ' -�. 
Tin -� 
Nickel -� 
Cost Iron- -� Steel 

Stainless • Steel 

'Cosring alloys in 'os COIl' condition. 
" For alloy containing 3% aluminum, 1% line 

and 0.2% mangonese. 

RELATIVE THERMAL CONDUCTIVITY BY WEIGHT 
METALS 0,; 2� 401; 60% SOl. 1001; 1201;140% 160% 180,; 200% 

Copper 

Aluminum -25-0 
505-0 

13 Alloy 

356 Alloy 

cy, whether they occur in a cooking 

utensil or in a more complex applica

tion. 

How aluminum's high thermal con

ductivity can greatly improve effi

ciency is demonstrated by its use in 

internal combustion engines, where 

one of the major problems is high 

temperature in the engine envelope. 

By dissipating heat rapidly, alumi

num cylinder heads reduce tempera

ture in the combustion chamber by 

as much as 1000 F., thereby making 

it possible to obtain higher compres

sion ratios by preventing detonation 

caused by a "hot spot." It has been 

found also that aluminum cylinder 

liners surfaced with hard plating have 

given a very considerable power in-

crease over cast iron liners because 

of better heat dissipation. 

More and more, the trend is to
ward greater utilization of aluminum 

to produce higher performance en

gines. In fact, power plants made al

most entirely of aluminum are built 

not only for aircraft but also for 

marine application, tanks, trucks and 

such popular, work-saving products 

as power lawn mowers and portable 

chain saws. The light weight, corro

sion resistance and workability of 

aluminum are beneficial as well in 

their design, manufacture and opera

tion. 

The thermal conductivity proper

ties of aluminum also play a part 

in its use in torque converters (dis
cussed in No. 1 of this information 

series, dealing with "Light Weight 

with Strength") by eliminating the 

need to make special provision for 

cooling to handle heat generated dur

ing operation. 

An interesting specialized use of 

aluminum's conductivity, made prac

tical because aluminum can be eco

nomically rolled to thin foil, is seen 

in cigarette-proof tables, desks and 

counter tops. A layer of foil just be

neath the surface dissipates heat from 

the burning tip of a carelessly laid 

cigarette so rapidly that there is no 

scorching or burning. 

Aluminum reflects 
short, long waves 
Aluminum is highly reflective to both 

short wave (solar) and long wave ra

diant energy. Possession of this qual

ity means also that aluminum is char
acterized by low absorption of solar 

heat and low emissivity, or radiation, 

of long waves. 

PLEASE TURN TO NEXT PAGE .. 
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DESIGNING WITH ALUMINUM Continued 

In per cent, reflectivity plus ab

sorption, or reflectivity plus emis

sivity, equals 100. Although polished 

aluminum surfaces such as bright 

aluminum foil have the highest reflec

tivity, up to 95% or 97%, even aged 

mill finish aluminum sheet retains 

this property to a marked degree. 

The table below gives approximate 

values of these properties for alumi

num in comparison to some other 

surfaces: 

EMISSIVITY, ABSORPTION OF VARIOUS MATERIALS 

Bright Aluminum 
Foil 

Bright Aluminum 
Roofing Sheer 

Mill Finish 
Aluminum Sheet 

While Poii'll ( flor)' 

Colored Point 

Golvol'lized 
hon 

Block Non_ 
Metalli, Surfaces 

Window 
Glon 

Wood 

Steel Sheel 

Lonl Wave fmissivily InX' Solar Absorption 
(Radialian) in X" (Short Wave) 

SO·150or loODoF 
Ntw Aled Hew Aled New Aled 

20 
20 

85 95 
85 95 
10 60 
87 98 
90 95 
90 98 
65 90 

10 15 
10 20 20 40 
J I 20 25 40 
60 75 

80 

12 50 
65 88 
30 90 
85 98 

'Per (ent reflectivity il 1000/0 minus valve listed. 

" Acluoliy .e/tecls about 8% of sun's roys. 

Reflectivity useful 
in varied ways 
Inasmuch as radiant heat is fre

quently the major source of the total 

heat load, examination of these val

ues shows why designers in various 

fields are making more use of alumi

num to solve different problems. 

It is obvious also how an aluminum 

roof makes a building cooler in sum

mer-it reflects a high percentage of 

the solar heat, and only a small per

centage of what is absorbed is re

radiated by long-wave emissivity to 

the interior-and why aluminum foil 

makes excellent reflective insulation, 

whether new and bright or old and 

dusty. 

Other ways in which the heat re

flective property is being used with 

substantial benefit include reflective 

shields behind radiant heaters, radi

ant heat baffles in residential furnaces 

and radiant heat shields to protect 

workers who must tend high-temper

ature industrial furnaces. 

Because of its low emissivity, a 
heating duct made of bare aluminum 

delivers more heat than other stand

ard types of duct construction. Com

prehensive tests (report available on 

22 

request) between 12-inch diameter 

round ducts approximately 100 feet 

long showed that a duct made of new 

aluminum gave a temperature drop 

of only 430 F., as compared with a 

6 10 drop for an asbestos paper cov

ered galvanized duct. 

It is possible, if· so desired, to 

achieve directional radiation by 

painting or otherwise coating one 

side of aluminum and leaving the 

other side bare. When the metal is 

heated, the painted side will radiate 

heat but the bare side will emit little 

heat. 

Better vent and flue 
pipe of aluminum 
Use of aluminum in a double-wall 

construction, essentially an inner and 

outer pipe of aluminum sheet sepa

rated by a. ventilated air space, has 

resulted in a highly efficient gas vent 

and flue pipe that fully meets Under

writers' Laboratories, Inc., Type B 

requirements without restriction. 

The properties of aluminum as 

well as its design contribute to the 

value of this pipe. The inner pipe, 

being of small thermal mass (and of 

high conductivity, though that is of 

less importance), rises quickly to 

temperature when the gas appliance 

is turned on; it provides quick, strong 

draft, thorough removal of flue gases 

and elimination of condensation. 

Maximum insulation is provided 

by the low emissivity of both inner 

and outer pipes in conjunction with 

the insulative properties of the air 

space between them. The result is 

that this type of pipe keeps adjacent 

wood surfaces from exceeding 900 F. 
above room temperature, the UL 

limit, even when flue gas temperature 

is at the American Gas Association

permitted maximum of 5500 F. In 

other words, aluminum makes pos-

€I) 

Isef! 
He aUf cololog III 

HOW ALUMINUM VENT PIPE WORKS 

2 

1. Inner pipe heats rapidly. 

2. low emissivity of outside surfaces of 

both pipes provides minimum radiation. 

3. Ventilated air space provides high in� 

sulation, 

4. Inside surface of outer pipe reflects 

radiant heat. 

sible a safer as well as a better oper
ating construction than other com

monly used materials. Other advan

tages from the use of aluminum are 

light weight with easier installation, 

durability through freedom from 

cracking or breaking, resistance to 

corrosive influences, and economy. 

Where heat flow occurs, 
investigate aluminum 

If heat transmission or reflection is 

involved in a design and application 

problem, it will pay to investigate the 

use of aluminum alloys. Along with 

high conductivity or reflectivity, 

other aluminum properties will pro

vide additional benefits. 

Kaiser Aluminum engineers ex

perienced in product design, develop

ment and fabrication will gladly as

sist you in getting the most from alu

minum's unique combination of prop

erties. Call or write any Kaiser Alu

minum office, in principal cities. 

Kaiser Aluminum & Chemical Sales, 

Inc., Oakland 12, Calif. 

Setting the pace • • .  in growth, quality and service 

(If wriTe for (0'1 
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What's Happening at CRUCIB0 
about plastic mold steel 

�=W�'���000'[@00'W= ____ ��=W�qz:-��ili�'�'�¥W� 
I,o/"�==-'= ___ ," .<,"",_�_!����:��.kfu( __ $.�_"",,, __ � __ mm,� __ ==��=,�._===wd 

The production of mold steel for the plastics industry is 
not a new operation at Crucible. But to manufacture the 
special seven·ton mold used by Chicago Molded Products 
Corporation in producing 21" Motorola TV cabinets pre
sented a unique, though typical problem in the field of 
specialty steelmaking. The block from which the mold was 
machined is probably the largest mold steel forging ever 

,produced in this country. 

type of steel used 
The steel used in making this mold was Plastic CSM2-
a Crucible special mold steel produced in accordance with 
tool steel standards. It is especially uniform in composition 
and structure to provide superior machining and polishing 
characteristics, dependable response to heat treatment and 
a high degree of dimensional stability. 

fOl'g;n� the mold 
The 14,000 pound forging required for the mold was pro
duced from a 25,000 pound ingot. In the upsetting operation 
the 70" axis of the cropped ingot was reduced to 28" in a 

1500 ton press. The heating, forging, and slow cooling phases 

CRUCIBLE 

53:feM4 of I� � 

Crucible Plastic CSM2 Mold Steel in final forging stage. 

took a total of 14 days. Seven more days were re
quired in the annealing operation. The forging was 
then' planed to its finished size of 40" x 28" x 43"_ 

en�;neeI'in� seI'vice available 
To build a precision mold like this requires the 
combined skills and experience of several special
ists. That's why Crucible maintains a staff of field 
engineers to help work out specialized metallurgi
cal problems. If you have an application problem 
for mold or any other special purpose steel, don't 
hesitate to call in one of our engineers. And if you 
need mold steel, you'll be glad to know that it is 
carried as a stock item in Crucible warehouses con
veniently located throughout the nation. 

Two TV cabinets being molded in one operation. 

first name in special purpose steels 

CRUCIBLE STEEL COMPANY OF AMERICA, GENERAL SALES OFFICES, OLIVER BUILDING, PITTSBURGH, PA. 
Midland Works, Midland, Pa. Spaulding Works, Harrison, N. J. Park Works, Pittsburgh, Pa. Spring Works, Pittsburgh, Pa. 

National Drawn Works, East Liverpool, Ohio Sanderson-Halcomb Works, Syracuse, N. Y. Trent Tube Company, East Troy, Wisconsin 
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Stonehenge 
The strange monUlnent is often attributed to the Druids of 2)000 

years ago) but radiocarbon dating supports the riew that it was 
started by a sarage but aspiring people 2)000 years before that 

THE GREAT prehistoric sanctuary 
of Stonehenge stands among the 
sweeping curves of the chalk 

downland of Salisbury Plain. Not very 
many miles away on a more northern 
stretch of the Wiltshire downs is Ave
bury-another most remarkable though 
less famous stone circle. Around both 
Avebury and Stonehenge cluster vast 
numbers of burial mounds, many of 
them the graves of wealthy Bronze Age 
chieftains whose presence there is proof 
of the fame and sanctity of these circles 
in ancient times. 

The architecture of Stonehenge is ar
resting in its strangeness. Nowhere in 
the world is there anything quite com
parable to this temple, built not of ma
sonry but of colossal rectangular blocks 
of stone. Plainly it is the handiwork of a 

by Jacquetta Hawkes 

people more barbaric than any of his
toric times, yet the careful shaping of 
the huge monoliths, the use of horizon
tal lintel stones, and above all the co
herence of the whole as a work of archi
tecture set it far above the usual mega
lithic building of prehistoric western 
Europe. 

It is no wonder, then, that for the past 
thousand years Stonehenge has been so 
famous as to attract countless visitors 
and speculation of every kind. Among 
the many famous men who went there 
were Inigo Jones, Samuel Pepys, John 
Evelyn and William Wordsworth-in
deed Wordsworth has enriched its litera
ture with poetry of the first rank. James I 
knew it and was curious about its ori
gin; Charles II, when he was sheltering 
at nearby Amesbury after the battle of 

Worcester, spent" a day there counting 
and measuring the stones to pass the 
time and forget his anxieties. 

Today more than ever Stonehenge at
tracts its visitors. Summer tourists go 
there in thousands, leaving buses and 
cars to buy tickets at a Ministry of Works 
kiosk and approaching this holy place of 
their forebears along a path Ranked by 
neat waste-paper baskets. Even in these 
conditions, once inside the circle visitors 
surrender to the power of its stones. In 
spite of our familiarity with architecture 
on a vastly greater scale, there is some
thing about these massive, weather
beaten monoliths which awes modern 
men with thoughts of a savage, primi
tive, yet mightily aspiring world. 

We know that immediately after the 
Norman Conquest Stonehenge was rec-

1 

HEEL STONE is seen from within the circles of Stone
henge. Sir Norman Lockyer tried to date the monument 

by computing that on Midsummer Day (June 24) in 
1680 B.C. the sun rose directly over the Heel Stone. 
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ognized as one of the wonders of Brit
ain. The fanciful 12th-century historian 
Geoffrey of Monmouth suggested that 
the stones had been fetched to Salisbury 
Plain from Ireland by the wizard Merlin 
in the days of Ambrosius, the uncle of 
King Arthur. Subsequently, he said, the 
circles were used as the burial place of 
Ambrosius and his brother, Uther Pen
dragon, Arthur's father. 

. This tale was believed all through 
medieval times and was repeated with 
variations by writers in Latin, French 
and English. By the 16th-century Renais
sance scholarship was harshly and some
times mockingly questionil!g Geoffrey 
of Monmouth and the whole glorious 
but improbable Arthurian legend. But 
the new scholars and antiquaries hardly 
knew whom to put in Merlin's place as 
the founder of Stonehenge. During the 
16th, 17th and 18th centuries this baf
fling inheritance from the past was at
tributed to the Romans, Danes, Phoeni
cians and Druids. Most of these theorists 
recognized it as a temple, but one school 
of thought (the Danish) identified it as 
a crowning place of kings. 

T
ODAY we are inclined to smile at 
all these notions; we can supply dates 

and attach archaeological labels that 
look convincing enough. The truth is, 
however, that we still have not explained 
the unique architecture of Stonehenge. 
Stone circles are a special feature of pre
historic Britain. They are found all the 
way from the south of England to the 
extreme north of Scotland, where there 
are fine examples in the Orkneys. Some 
of them are circles of free-standing 
stones; others are enclosed by a circular 
bank and ditch. These circles are all 
assumed to be holy places, and all can 
be said to have some relationship with 
Stonehenge. But how inferior they are! 
Even A vehury cannot compare with the 
architectural grandeur of Stonehenge. 

It is not surprising that Avebury and 
Stonehenge, the two most imposing cir
cles in Britain, should both be situated 
on the Wiltshire downs. As geographers 
have often pOinted out, this region forms 
the hub of the uplands system of south
ern England, and it was on these up
lands that prehistoric settlement was 
most strongly concentrated. Throughout 
almost the whole of prehistoric times the 
English lowlands were made largely un
inhabitable and impassable by the heavy 
growth of oak forest. The early farmers 
sought the chalk and limestone hills, 
where the thin, light soil could readily 
be cleared to improve pasturage and 
make room for their small grain plots. 

On the broad chalk plateau of Salis
bury' Plain and the adjacent Marlbor
ough Downs many lines of hills con
verge-the Cotswolds and their northern 
prolongation up to Yorkshire, the Chil
terns, North and South Downs, Dorset 
Downs and Mendips. The plateau there-
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fore early achieved the dominance usual 
to centers of communication. Not only 
were the pastoral tribesmen of this area 
sufficiently prosperous to be able to af
ford the prodigious expenditure of labor 
needed to build Stonehenge and Ave
bury, but they were able to build them 
in places accessible to the whole of Eng
land south of the Pennines. They may 
have been able to draw labor or tribute 
from such a wide area, but whether or 
not this was the case we can be reason
ably confident that· the sanctuaries 
served as rallying points. At the most 
important seasonal festivals tribesmen 
must surely have traveled to them along 
the ridge ways of all the radiating hills. 
There is interesting evidence for such a 
gathering of peoples in the occurrence 
of grave goods of a kind characteristic 
of the north of England in at least one 
of the barrow burials lying close to 
Stonehenge. 

�KE MANY Gothic cathedrals, Stone-
henge is a composite structure in 

which feature was added to feature 
through the centuries. This structure in
cludes several important parts in addi
tion to the circles of standing stones 
which are what most people mean when 
they speak of Stonehenge. Before going 
on to discuss the history of the monu
ment it will be well first to describe its 
parts [see diagram on page 30]. 

To the north of the sanctuary, 
stretches the great length of the Cursus, 
a very narrow embanked enclosure some 
B1 miles long. It owes its odd name to 
the 18th-century antiquary William 
Stukeley, who liked to fancy that it 
served as a course for chariot racing. It 
is easy to laugh at Stukeley's fantasy, but 
the actual purpose of this and the few 
other enclosures of the kind in southern 
England remains unexplained. What is 
of particular interest for an understand
ing of Stonehenge itself lies in a recent 
discovery made at the west end of the 
Cursus, at the point where the side banks 
appear to terminate against a long burial 
mound. In this area excavation and field 
survey discovered a strong concentra
tion of chippings from the Blue Stones 
which now form a part of the sanctuary 
itself. It has therefore been suggested 
that these stones, known from other evi
dence to have been present in the area 
before they were erected in their present 
sockets, originally stood here at the west 
end of the Cursus. 

The other important outlying earth
work associated with Stonehenge is the 
Avenue, which can be assumed to have 
been the main ceremonial approach to 
the sanctuary. It consists of two parallel 
lines of bank and ditch about 70 feet 
apart which, from the northeast side of 
the circles, run almost dead straight for 
1,800 feet, then swing eastward and 
curve gradually toward the River Avon. 
The banks and ditches are now so nearly 

AERIAL VIEW of the monument 
shows how its stones are encircled 

level as to be clearly visible only from 
the air. 

A circular embankment about 320 
feet in diameter encloses the sanctuary 
itself. Such an enclosing bank and ditch 
is the feature which is held to distin
guish a "henge" from an ordinary free
standing stone circle. Immediately in
side the bank is a ring of pits, named 
the Aubrey Holes after their 17 -century 
discoverer. They are 56 in number and 
all roughly circular. Cremation burials, 
without urns and normally without 
grave goods, were found in many Au
brey Holes and also in a quadrant of 
the ditch and bank. 

Between the Aubrey Holes and the 

© 1953 SCIENTIFIC AMERICAN, INC



by a bank and a ditch. The small white circles within 
the bank mark those Aubrey Holes which have been ex-

cavated. At the upper right is the Avenue, which runs 
straight for 1,800 feet and then curves toward the Avon. 

stone circles are two more rings of pits, 
long known to archaeology as the Y and 
Z Holes; the individual pits are oval and 
about six feet long. 

AFTER THIS account of the earth
ft works and ceremonial pits asso
ciated with the monument, we can leave 
these painfully unspectacular but his
torically important features and ap
proach the stones themselves. Those that 
first catch the attention are the immense 
sarsens, great monoliths of sandstone. 
The nearest place from which blocks of 
this size could have been obtained ap
parently is the Avebury region, miles 
away, and the transpOl

�t of the some 80 

sarsens at Stonehenge, running up to 
30 feet in length and weighing an aver
age of 28 tons each, was a prodigious 
effort, espeCially as the journey necessi
tated the crossing of a broad, soft-bot
tomed and overgrown valley. Presum
ably they were dragged on rollers by 
men hauling on rawhide ropes. 

The sarsen architecture of Stonehenge 
has two parts: an outer circle about 100 
feet in diameter and an inner horse
shoe formed of five gateways. The circle 
originally had 30 columns, united by a 
continuous lintel of smaller blocks laid 
over their tops. The stones are all rough
ly squared, and the lintel stones are se
cured onto the uprights by tenons and 

sockets, and to one another by mortise 
joints. The chopping out of two tenons 
on the top of each upright and of the 
rails of the mortise joints is a remarkable 
achievement for masons working only 
with clumsy stone mauls. The largest 
sarsens of all are found in the inner 
horseshoe, which measures 44 feet 
across and 50 feet along the axial line. 
Its colossal central gateway is more than 
25 feet high. 

THE SARSEN peristyle and horse
shoe setting astound us by their size 

and the unparalleled precision of their 
masonry; they please the eye, too, by 
their soft gray color and the richness of 
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texture produced by the weathering of 
the sandstone. Yet it is the other element 
of this extraordinary monument that can 
claim the most fascinating and dramatic 
history. The plan of the outer circle and 
horseshoe of sarsens is repeated on a 
smaller scale by a circle and horseshoe 
of the so-called Blue Stones. These 
stones are very much smaller and they 
lack the architectural refinement of lin
tels. What is so astonishing about them 
is that they were made from rocks 
(mainly dolerites and rhyolites) which 
are found together only in the Presely 
Mountains in the extreme west of Wales. 

It is equally astonishing whether one 
thinks of the immense physical difficul
ties of their transport from Wales to 
southern England or of the sanctity 
which must have resided in them to 
Prompt prehistoric men to undertake 
such a feat. 

The question of the route by which 
the stones were carried has been much 
disputed. Perhaps the most satisfactory 
view is that they came by sea (probably 
from Milford Haven in the west of 
Wales) to the mouth of the Bristol Avon 
and were then conveyed across Somer
set and Wiltshire by a series of rivers 

close enough together to require only 
short portages. This seems the easiest 
route-but even so the distance involved 
is well over 300 miles. Across the inner
most tip of the Blue Stone horseshoe 
lies a single so-called Altar Stone. This 
supposed Altar Stone, which in fact may 
formerly have stood upright, is made of 
a variety of sandstone found near Mil
ford Haven. 

T
HE layout of the complicated sanc
tuary at once suggests different pe

riods of construction for its parts. The 
enclosing embankment and the Aubrey 

RELIEF MAP of southern England and Wales shows 
the geography which influenced the location of Stone-

henge. When the monument was built, the English low
lands were covered with a thick oak fmest; the early 
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Holes have one common center, while 
the stone structure is very precisely cen
tered on a different point, a foot or two 
from the center of the earthwork. The 
axis of the stone complex as marked by 
the horseshoes falls exactly along the 
center line of the Avenue but consider
ably to one side of the entrance cause
way through the earthwork. As for the 
Y and Z Holes, they are set in irregular 
arcs as though the distances had been 
measured not from a true center but by 
estimation from the outer sm'sen circle. 

Thus the plan suggests that the en
closure and Aubrey Holes are of one age, 

the stone structure and the Avenue of a 
I'econd, and the Y and :f Holes of a third. 
'Excavation and analysis of many kinds 
have proved this division to be correct, 
and furthermore that this order in fact 
represents their correct chronological 
sequence. They have also shown that 
the Curs us belongs to the earliest pe
riod, being approximately contemporary 
with the enclosure and Aubrey Holes. 

ALTHOUGH many difficulties and un-
1\.. certainties still remain, years of dig
ging and research have at last made it 
possible to give a coherent account of 

the long history of Stonehenge. The first 
building period is no,:, generally recog
nized as belonging to a late neolithic 
culture. These tribesmen dug the long 
entrenchments of the Cursus, the en
closure ditch with its single entrance 
and the ritual pits within. Just before or 
after the making of these very humble 
earthworks they transported the Blue 
Stones and Altar Stone from Wales. As 
these stones must already have been 
imbued with a most compelling religious 
value, it can be assumed that they had 
formed part of a sacred monument in 
Wales. They were set up at some spot 

E N GLISH C H A N N EL 

fa'rmers thus sought the thinly covered chalk and lime
stone hills of Wiltshire. Some of the stones for the 

monument came from the Presely Mountains in Wales 
by way of the Bristol Channel 01' around Land's End. 

29 

© 1953 SCIENTIFIC AMERICAN, INC



I. : , " , \,. , " ., ',',I It ' I r,ll: I, ,f I II I"� 'I',' I: \' t r,,' I' I,',' r r: 'I' ,'III ,Ir I I I I, " " • I I 11 I I f I I' I t I' 
,I ,, , " I I "' I" " .'1 I' " " '1'1 II' " I,q I I 't " • I : : I': I � I,: l' I ' I I •• , ' ,

' d " I I ',I,' I '. \ ',I ', : I ,'I, ,', . ' 
I ". I 

I • I' L\ ', ' I � " I I I I \ I 'I ' I I ; f / I 'I I I , I,I I • I I ' " " I I I' I I I 'I
' , i / I I • I I

" 
, : . / I 

I I ,. : � I I : " ; ,I, I r ', .', 
'," ',11,' II" ,' N. I '"I: '",",\ ; ' I" ',' : ' ,1' I ,, ', II. I 1'111' 1\ I I " , 1'1 I I J " , I I I 'I' I I : ', II � ,I I I,! II' : . II'"� I,': I " I I I',"" ",,1',11'1 I'" ,I, I 

I 
" . ,', " ' , " 1 I" ', ,"11'1 I t',/,II I I, " ,  ,I ,'I " ,'f ,',6 1 '11'" ,  �"." : "" '1",,1 

" , • •  " , : ,', ,,' ",
" 1 ,', I" ,'';,:", I"�"� t' ,',I " ',11/

'
" II'" I, ;1.,/, �k;'1 " ,,1,1 " , " i� """ '" , }:c.4>\\ ' , . ,','; 

,, ' , ,"�I 'I, : I� ", ',",:\',";" ,, ,1"':II"",·'t':":"/·II'I'II;I'II','.I(III�'\ "'1.",:':: .. :,', �", I . L1".: "
' I "" " } ,,,, \ �\ , , ,', '.', I , , � 

" ," " ",�"", . 1
,
1

"':",I,I,\
I

"�:'iI' ' , ' ,',111 " " " ":, , , , ",,',",
"

1.,1111, ��� ', "-; '11" ",, I' , '" , ' �IrfZf��,;��, " " " " I " " ' " I , ' " " ,  " , l " 1" "  'I I I I, III "I , . " " ' I ' " ,  '" ,,', ,,' I', �' ,' ' ,'I " ,', , " ,,, "I, " ,' , 'I" (0" '�l:' C; ) , ::) ', ", ",' ,/' ,' , " f ' • ' •• , " , 'I I • I , , ', , ' , , . ••• " " , 
I," ,',L', '" , I" ' , ', "" " ,:"I" " :::) . , . " ·�·l;",; ",\"" , , I, "I ',I,�) , , ,1 " .1 , '1,/ , 0.0 0.°"',,',' ,, I" " ,.1>- , � ', ,' 

,,' , ",, ," ," " " , ' , I \� :;), '. ', ,' . " , ' '/l' "1 ' , '" I , ' ' ,, " , ' : ,
' , I., , I" n ,,1" , " ',' , ' ' • . ' .00 00 '. '" " , , "',' I >..9 !.t.?' I � 

" ,
'

/
' II,','",,' ,-'- I "', . "

, 
' C· , , " �� ... " : ' " . I • •  :��< " ' " II I, I :,,' ',' , ' ,,

' 
I I

", I ; ' I ; , ,', ' �,� '
c I, ; ' ( ' I , � o. °0 00_ 00' , , � , : '.' , , I I,

'
, .... ��,�'I:' I '," 

, / ,, ' ,/,1 I" 'I ,.:," " .',.',�)�:>l_1� __ ;:;�'1"'",, , " " " ".;1,'" " /,/,,,/, I" I' , _,0 001,0 0 " "  " , " ?-, , " ' l l 

' :: " '," '" : ; :, " : ' : , :': .
""�,:,,.' ':'<,,' '.': :',�-,'-.�-:'. '".:,"'�,,:, '," "'

,
.:.":.�,,,�'

,
,,",',',',:,,-'

,
' ,',�'I 

I
,� : , ;:>, '

, : "
. 
(? ,�., . . . . ,\�. �� ,\" : :', ' .

.
... ';'l� , ,, :",',','",:1,1 

, , ' ," , ' , , : .... , ' \ " "
,, " , 'I' 1\,f,I', " " " : 1" ; '/" " ,,, "',I" " /1" t ' t:) ', i!.'�o ", I O�:.".'&.\ ' I ' ��: ,,','111, 'I" 

" , " ,  " ,  I, I I ,I ' " ' I II I , I ,'.1,'" ,, � ,," ', " t, I I ,'I ' " t  " : , I . ,-, ',.' ... ��' ,'1',1', ,1,',1 "" ', " ,: .... ' I"" '" "�" .\,, " """ "1"':"1"'".",,,,,,',,111', 1, 1 I" '1l�:� ' ,10 ,.,.::& '"liP'" " I  ," tl' 1,1' 
, ' , I" ..... ' '. '\ "  , " " " , I " " t t" I , " " " , ,I " I 'I , , t' (:� " ,  . . � I' 'III I I, I" 

I,','" , , ,' 'I' '. " ,'" ,'., , ,'I, ' ,/ " " , , 1," ,'/ 't�' ,I, I 'I ,' . ,: " I , .. : .. :\:,.. ','1'1 'I J I 'II ',I,"";'" ':":'1":,:,,',"',",.",1,',1"0,',,·,, I:""
" ,,\,,/ ,',',, 11,1 ,,' / 1,1 ' . : " .' ' ,I ', ��,\ ::. ot:."", ,,I/ J lt' 

1
',',"1/1'1 

,,', , '," ',' , .. . :.: ' "": " I.' 'I' ,\ ' :,', ','I '/' I , r. ' ':, " , ' ' 'I 
' : /,' " I" II'," , ", : , ,' ,, �� " 'I , I, , ; :  , , ' ,.' {i, 'I I, I" , �i. 0 � " f "\'1' / I 'I /1 , ; " � 

, ," ' , ' .,:, ' " I', ',' " , " " , , , , I' " ', " \ I " ,'\':, ,' , , ' ,I, " ' " , ' I, , I '  I I , ' 'V I ( ' , "I "1 /1 I I, I I 
:',', "" ',v,,,',"," ', I" , II",'" , ,I ,

" '/" " " ', ' ',','/ , ""�" ","1 'II ',I\'I,-i'� I', ',I " , I , ;�, I" ,
', II If ',,11,1 'I' , " ' � , '. ' , , " ' , 't I" \ I ,I '" " " ," ", ' " I, . ,'

I
", ' I . " " ( " , , , , \ ' ',' " I " " , . ,

' I ' I  J I ,'I I 'I r " I , I 1 ft " ! I , I [' 
," ,I, ::- , ,' , '1/ " 1,"""""""""'/" .' ' " '/1 " ', , ,, , '�';"'I',.,':""': ,11'11" " ," ,,"1, �'I 'Ii ',1 1,'" 
"\�":""" "'''''I "'1' . II," ,,,','

,' " " /.','I, ' ,�ti ' � "',� ,.: :,'\i"I ' · '·."",,"'� 11 iJI, , 1'[' 1 \ll"'" ?l. , ' I ,tt',' I" 'I" ,', I" " , " ' ., 't , , ' " " ) ' , ' , I I ' ,�, �'" . , " ,,' I," ', 'I I I " " ,1 ', , ' ,,)1 ' ." '.'. ' , ', 1" \,, , ,' " ,1,1, '" , ' , '-",11 , '" . I,, ",''"W �'/I ,,' ; , ' I,' ",.' ',I", ,I ',I'" " ,' . ::0;;;. .r' 'II 1'1 
',,'t',�o'�"':'I" ""':'I"" ," \ " 'I" " '

" 
. • ,.,� ', ' I,'''' � '',,: ,�> �'I't\�.I' ," " \,} , ,' I I 1,'1" �', ' " ,- ,.

1 I',I�, J ,'1""\"1' '",1, I ' " " , ' , " I , , ' , ", ....:.... " 0.( .. 0 . " , . A}: ":;t '.,I " " I (f , 11 , '
" '," ,'til" 'I ' ll,., ', II I" " "" . I ' ' I,',," , " ',', ' ""{J� ,��o'\,· . •  }�\" , , " " I ',II "" .""\, , .  1" 1" " 

::;,.':".""',"1",, '\:,',,'/1', , ;",' ," ': 1" ":, ,,, � ·." • .  ("";,' �'>\6 '1 :�� , ""
'
,
�'

,
" '" I ,I ,, ',','J1," '/p::.,"' / '· ·�

I
,I:

'\I'., 'I,",' 
" ', ' ,," I" " , '\ ,'" " " : '. , �<.'1 . (3' -'V:"/_i'l,,9 ',,1, "�'I' f'h. " \ ' , I II -:"F1" , " '.� 'II ', I,,', , I ', ' " , , " ' " I " I "- " "  '.' 'I . , " . 0 r. , , ( , ' " .fA.. , , I �f I' I ,I ' , ' , II ( . I , ' , � I ' 1 I" I 
" '" " , 'I , , ' \' I " ,'. ','�/'. ;" " , ' , ,,'':,°·'"''' '1 ''' 'V," , " " 'I " � ." ,11, '/ I I' , · ·;· I ' : ',I I , '."" I ,I .,I,' " "·:.Q' I" " ',, • " ,, " , o,·t\.0¢, • •  t,' , ' " , ' ,',1" 1'," , ' ,, ' , '," t,, " ' ,I' "l / ,,11/ . 1,\" 
"" " " " " I ,',", , " , I ' L-) ,'" , ', " " : " , ,' , ' ,

',, I ,',I:.',",,; " " '�" '1' , 1 '11 ',I, ' " "II "', ' /,, 1 f '" '. ,! 1 /'1" " " , ,. ' " I' / I I I I I 1'1, I, J '" ';� ' f., " ," , , ," I I, C -:a ' I I, �.I, �F 'I " � ', I \ 'I ,' I 1 , , 'I " � ':f " " , I I ' ""I �':"'" ,r,'" " ,, ' " , 1,',',' \.1 " f " , ','. II, " ��./""I', . .'I, W ",;':" '" � 'I
, " r " I," , � ' . � .'"j" 'I, I'" """1,,1',,'11,,1,, " I I , ' , , ', ' ;' ; , ," , ,' , "'I" , ·;a/ "" I", ,! J,i!�,, , I ' " /', 1'" 'I'I ,,(�I ,,� ' ,/ §; " ":i I' : ' J " ',, 

I 'I I' I t I " " ,' I ; '. " , .,. , '''' I ' " , ',' ,�, I I , , ' I ' I ;;:  e , 'I I I , " .'" �'I II ', I ',' ' ,I, I ,  1" r\)I', ,'.," "·" � :,...� I"., ,, ,, I'.� ·" '" I" t"r" I,' I I" II(::.Z:t1 �.'.i " ,I " 1 'Ii 

," ',"','" ,', 1,," II" JI I 1,
/'11

, ."
,

" " ' ,", �� ' I I"','� ' ,:I/!,!, '(j" II" " , ,,I , / I I'I " I , \,I"'i�" 1 1'\1 ,ff. �'.J l""" " " I ,, ' 1, 1 " I'll , " " I, ', "�I' . " ,�t"""!\",,_ , . ' I " I, , I ' " , ',' 1' , �', I I �" § '" " ,, 't, /', , ' , II I' I" 1, - '  �'�" " " ,., • •  �.��'(-, r l .·""" " " " , , " , , l'1 1 1 1' 2",� I "I ' " I, I, I': ': It, 1 '/ ',I , ' I '1 I I I , I " 1',' J I '" ,1 : ' , , ,. " , I . • ' . '0../ i"ii6! ' , 'I tt: ' ,I', (E " I " ' I I, ' '"" I I I ' " �: ::i 1 I , / l ' , I, , , '" " " " " " ,,' 'I I' 'I ' ," . "�I' ' " .  "'" ��' " 'I," , ' " " ' , ' ,1, , ' I �  . .."fl" , I', III " '\" '1', ",I, ' , ,' 1,',, '\,' " ,,'"'"lit ,' "  1 ,:(��o." ' I " " " _ ,,,��. C) , ' , ' "11,1,','" ' , ' I �\i I, I I ' i'-;{: ... � ,'1" " , I, I 
"'1', r'. I ," ',' ,I '" '(,I, /'1,' I Ii' � " 'O " ;"" :M' �l.,,\,: . · �, ' o· '� , \ ' \ 0. I'" . 111'1,'1'/,',' 1 1'1 - ''')f """'1 

't, '" " I ,  .... ,I I" " , 1'1 I I " " ,  ' I ��J� ' , " ,I" , 00. , . ' , . I " , " ' , , , ' ' I  I " ,,'I I"� ,1/ ' II '  " ',,' ,,/ /1', "r lo.J 'fJ!Wil-" I"" ' O '� ,, ', , " "  'I I I, ', I '.:!!}, 'I,. " ' 1" , 'I" I' I' ,, ' , , ' I I " I', & 'I , I I' 'z H Iri\' ��, ��+:t: ::;,;\"", " tr,-¥t: I I' I ',I, ,/ I l" I' , I " , " I  I' '," '.1,,(.),1,', ,1', ; ," , I " " " "�'I�' , , " OLES It" , 1Jt-oc;. " ' " , ', I \ �,', / I ,1,,'1', 1 , I:-� ," 1,'1,/\1" '/',,' ,'1'1'/'1" ,1" ,/, " I" /' \ I
'

,
I' ��"{'f""

"
.
'

.
"

" ,
- o·�,oo.�·�"" 'I"III'tltl' I" �":"�; 1,1', 11,,'1' 'II' 

" " """ " " " 'j ,' , " ' I ' I ",I' \" " J I"I,,I,��I ' ',",'.'" ':,.',000
0

"" " " ",,.,11 1,,1," ' : "" "
,

,' ',j" ,'I ," 'J,' 
" , "'Ii,�" " ,"' : " ,'" ,,J'" 11,' ,/,,;'1 �::;:'l/,��,o��oo';'·:lh'ooo ' " 'I' ,., " 1 1.(: '11 I , " �I" 'I " J,'I,'l � I" , ' , . I " � I' 

.. .: ' , ' ! , I ' ,' , " , , " .' ',
' I, t., 't0LES ' ,'''' 0 0: :'';, o� • :-, , , ' : ' " , ' I I , ' I , " ' I I, " , / " ' ! ... ' , .' I

' 
, I , 

'
I , J , , , 1/1 "� 1\ " I , '.1 I '  , I' I " " " " " I \. , " t I 

" " " , _ '. I �,I I', " , ', I I ,, \,', ' I ,I" , .  I .  '\ \ ',',I . �. 'I I I " " , " I I I' I , ' , I , ' , I " ' I ''0' , 0 " , ,II , I ' I, I I 0 1 I' , �! \,'" " , ' \ ,I I " 
j.' '1'1,' ,, ' "I::I)'

�
"I'

I
""II"I:"""

l
'lli�,O.I'/""'I':";;111 , " ' , ', 1 ' 'I" ""

" 
1" 1" '," , 1,,,',,1, : ',

' ; 
. � I, \' :,J" f ,I I ', I '" 1'1,,,", II, " 'J " � o. ', ,,II I " / '/1 t' 1,(1):,1,11, I " 'I,l,'",\",\',.�I""" " I,,, I' (0 �� ... , ' ' , , : :  ' " ' \ " �� \ I 1 '. ' , t 1 " ' ,' , I I , I " I" \' I", '" ' 9"." � :-�;;'�::J!:..';,�" • t , 'I \ I -C L I I, \ I', , " "� ,,,\Q. ' I" ' ,I ,  ' I ., ,,' 1/ 1" ,.'# "  �?;�', ' 1\ ', I �,.. ,t, :/,IIII�':��/" " ', '1" II 'i'- " " " 't /,1 " , t, t l' , o , ;J}/.\' , , ' . , ...... �t- " , I"11 " , � . SARSEN,STANDING 

" 'I ��. � " " I ', ' , '" J' , I / I ' 1/, t / , ,II I 
, l,' $"1' � , I ' . "\ ' (;"l 'l \', " �1;, � I" "  �1" g/; .1" " ,.,�/I'II"ll""rJl, " I,�', /'" I , '  ' , f,' ,'.1 I ,t):\� l,·, It I' I ���" r.:""'� SARSEN,FALLEN 

',I"� j �' '' '  " ' ,, " " I ' , .,. .. ,I'� ,I,""III" " ·',( .. t" , ' . ' Ol.., , \� I\l I I ' ' . 4·"· · �\iII"\ 6.�-'SARSEN ABSENT I I I ' I, . 
. ','1' 1 II, ")I',",'I , � U8

' 1 , ·�"" '!!t ',,(:, .... ','\. '.:1,,,I,' , ' '1 ',' 11',' �� " �::J I 
' , ' " /' , I', tft" ,1,

1
,','" 'II," "  REYHOLE. .. · " " ';,<"'" I\ ... � ,," , ' . . �-;,...;; ,' , '·I ..,. 1"'1 (�:�.: SARSEN,HOLE FOR ," ,' II ' ;1!i;, ..... � " \" 1'" S I , , ' ,,� 1 ,;r�""' J\ " .�..,.. '" 

1,11,"'1/', /I "JtJ"II�I; " ' ,',', , ',1,,',11'/"";:1 I, �'I,," " ,,,,,'::"'ftf:'\:',,,', ' ���\\,���,� 'I,ll,,"", 0 POST HOLES 
\" '\" " " ,',," , i�"'. " " /  " ,, ; , " ,1'1'/'1':1 1 " , .... .. tl���\� ·:·-;,i;.�- ," '1/1', 1,1 _RHYOLlTE,STANDING 11,",/ " " . , " " , .,., : ',' 

, ' " , ' , .' , ' , ,' " .� �� . : • . ,\\";�;I} ,P , II til Ifl",I',i' " " " .,1'1 '7i� :._:"JJ"".r� '  ' . ' III' :· · .· .. ·: .::1o�·iJ'" , ," , ' "I"tl'lll -SPOTTED DOLERITE,STANDING 
',','-'/",'1' ", -!I." ,,',', ,1\',' ; ':" '�.(:� ·�1 '�(�������i����r.. " :  �$."m�l1� " '.' , ( "" ' ," , l" 1,1 CUD SPOTTED DOLERITE, FALLEN " " I " 'I " " , ' , 1 " , ,. I I ,: " '," (, ,tJt4� ' " . " " /: . ,0 " , "''''lfIfo1l4' , � " " (, ,\ " ,," " " ,\', t I I I ' 
�,I,',,'.I."t': "IJ,.,,:"',�:.··.":, ... '/"':',. , ' ; '. ,:,: :'1,' .... ': ... :': ',�,... , <"'1'1;'.""" ",'"'\1'.','/,1.",,.'1.;', " .' .'.'", , : J,' , , '. ' l c,') SPOTTED DOLERITE, ABSENT 

GROUND PLAN of Stonehenge shows its stones both 
in their present and original positions. The axes of both 

the large and small horseshoes are aligned with the 
Avenue, but the main entrance to the enclosure is not. 

which may or may not have been at the 
western end of the Cursus. 

During this earliest phase the neolithic 
peoples were already using the monu
ment for cremation burials-a practice 
which seems to have continued unbro
ken into the second phase. 

This first Stonehenge has been dated 
by British archaeologists as belonging to 
the centuries immediately after 2000 
B.C. _ It was exceedingly gratifying to 
them to have their historical findings 
confirmed recently by radiocarbon dat
ing of a piece of charcoal taken from 
one of the Aubrey Holes, which gave a 
date of about 1845 B.C., with a possible 
margin of error of 275 years. 

The second period of Stonehenge, 
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the period of its greatness, appears to 
have followed upon the first with no 
greater break than is implied between 
the Romanesque and Gothic phases of 
a cathedral. The enormous sarsen blocks 
were dragged from the Marlborough 
Downs, given their final shaping with 
stone mauls and set in position; the Blue 
Stone monument was dismantled and 
its pieces reassembled to enhance the 
sanctity of the new building. At much 
the same time the Avenue was laid out 
as a ceremonial way. Cremation burials 
continued to be made inside the sacred 
area, while outside it the wealthy and 
powerful men and women of the tribe 
were buried with their gold, their scep
ters of office and other precious posses-

sions below the barrows which still ride 
so majestically upon many of the neigh
boring downs. 

For the exact period and cultural 
background of the men of genius who 
designed this second Stonehenge there 
is no direct evidence. Certain elements 
which Stonehenge has in common with 
the relevant phase at Avebury suggest 
that this, like the more northern sanc
tuary, was built by beaker-USing peoples 
who began to invade and settle in Brit
ain in about 1800 B.C. On the other 
hand, it has been very tempting to as
sume that the building was done by the 
people of the Bronze Age Wessex cul
ture, whose leaders lie buried in 'the 
richest of the associated barrow graves, 
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and in whose time (about 1450 B.C.) 
the power and prosperity of the Salis
bury Plain region was at its height. 

A S FOR the uses for which this great 
j-� building was raised, there is no pos
sibility of doubting that it was a sacred 
place, and little need, except for the ex
cessively cautious or scholastic, to refrain 
from calling it a temple. There is no 
question, either, that its orientation was 
dictated by the position of the midsum
mer sunrise. The axis of the second 
Stonehenge points to the spot where the 
sun would have risen at t11e summer 
solstice during the first half of the second 
millennium before Christ. 

If in its second phase the monument 
reached its glory, in its third phase it 
must have presented a melancholy piC
ture of decay. It would hardly be possi
ble to claim anything better for a period 
represented by the Y and Z Holes, and 
possibly by a single inhumed burial! It 
is not known for what purpose these Y 
and Z Holes were dug, for they appear 
never to have held either posts or stand
ing stones. 

That they were dug after the stone 
circle was already tumbling into decay 
is clearly shown by at least one piece of 
evidence. One of the big sarsens of the 
outer stone circle has fallen across the 
Z circle, and there is no hole beneath 
the stone, although the spacing of the 
Z Holes indicates that one should have 
been there. It seems plain enough that 
it could not be dug because the stone 
already blocked the way. 

Pieces of pottery found in the pits 
suggest that the Y and Z Holes date from 
the Celtic Iron Age, probably from about 
the second century B.C. If this is so, it 
is more than likely that they represent 
a very limited attempt to restore the 
use of the sanctuary after a long period 
of decay covering all the latter part of 
the Bronze Age. This Iron Age revival 
makes it permissible to say that perhaps 
by good luck Stukeley may not have 
been altogether wrong when he spread 
the idea, still too widely held, that 
Stonehenge was the handiwork of the 
Celtic priesthood of the Druids. Build 
it they most certainly did not, but they 
may conceivably have officiated there 
before the ancient sanctuary was aban
doned and left to turn into a noble ruin. 

AS WE have seen, the history of StoneIi henge did not end with its abandon
ment. If we take a unified view of his
tory, Stonehenge is no less important as 
a subject for countless chroniclers and 
many poets, as a place visited by Pepys 
and where Charles II whiled away an 
afternoon after the battle of Worcester, 
than it is as the greatest sanctuary of 
prehistoric Europe. Certainly we can say 
that if in the Bronze Age it was known 
throughout Britain, today it is famous 
all around the world. 

VARIOUS ASPECTS of Stonehenge are shown by these photographs. The 
monument is seen from the east (top), southeast (middle) and northwest. 
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UNDERWATER TELEVISION 

As a means of seeing beneath the surface, the image-orthicon 

camera has many advantages. It needs relatively little light 

and c an be lo,vered to depths far beyond the range of divers 

U
NDERWATER television made 

a dramatic public debut in June, 
1951, when it helped identify 

the wreck of H. M. Submarine Affray, 
280 feet down at the bottom of the 
English Channel. The camera employed, 
which had been developed in the short 
space of three weeks after the tragedy 
of the Affray, was the first underwater 
TV camera to be built in Britain, and it 

by W. R. Stamp 

was also the first to demonstrate the 
great possibilities of such an instrument. 
Its service during the survey and diving 
operations around the sunken Affray 
showed that underwater television was 
indeed a powerful new tool for gleaning 
information below the sea surface. 

Several laboratories had already been 
working on this idea. In the U. S. the 
Cornell Aeronautical Laboratory had 

TELEVISION CAMERA protected by a heavy casing is suspended from the 
Reclaim, the British Navy's deep-sea diving and diving-research vesseL 
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built and tested an underwater television 
system somewhat similar to the one de
veloped for the Affray. The National 
Research Council of Canada h'ld started 
developing a small image-orthicon tele
vision camera for underwater use, and 
the Scottish Marine .Biological Associa
tion had begun experiments to deter
mine the utility of television for marine 
research. The impetus given by the sink
ing of the Affray speeded developments, 
and there are now seven underwater 
television cameras in Britain. They are 
being used for many purposes by the 
Navy and other agencies. 

Until recently the underwater world 
was the province of a privileged few
divers and expert swimmers-whose 
visual problems received little scientific 
attention. In the last decade, however, 
extensive work in underwater photog
raphy in France, the U. S. and Britain 
has brought a greater understanding of 
the problems and, to a limited extent, 
their solution. This work, particularly 
the Royal Naval Scientific Service's ex
perience in making underwater motion 
pictures, is what made possible the rapid 
development of underwater television. 

The fundamental difficulty is the tur
bidity of sea water, which varies greatly 
in different places. Turbidity is caused 
mainly by organic and inorganic par
ticles in suspension. Turbid water re
sembles a dense fog in its light-scatter
ing characteristics. In both, the particles 
causing the scattering are large in rela
tion to the wavelengths of light. This 
means that light of all colors js scattered 
equally, and no help can be obtained 
from filters or special light sources, such 
as mercury or sodium discharge lamps. 

In clear oceanic water light is scat
tered mainly by the molecules of water 
itself. They scatter blue light more easily 
than red, and this is what accounts for 
the intense, almost fluorescent blue of 
tropical waters, just as molecular scat
tering in the air makes the sky blue. 
Hence in very clear water a red filter or 
red light may help. Aside from spectral 
factors, television has a distinct advan
tage over photography in underwater 
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PROPELLER of R. R. S. Discovery II is viewed by 
means of a television camera lowered from the deck. In 

RIPPLES in the sand on the bottom also are made 
visible hy the television camera. The form of the rip-

clear waters the television camera can he used to in
spect damage to the hull or the stern gear of a ship. 

pIes can he analyzed to olJtain information about such 
things as currents and wave motion close to the hottom. 
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NAMEPLATE on the deck of H. M. Submarine Affray 
was viewed during the operations to salvage the vessel. 

AFTER HATCH of the Affray is shown with its "sal
vage clips" unfastened. These permit divers to enter. 

SNORKEL of the submarine was found to be broken. 
The break appears toward the left side of the picture. 
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PERISCOPE STANDARD of the Affray was similarly 
viewed. Projecting from the standard are ladder rungs. 

AERIAL of the radio direction finder was removed hy 
dangling a hook helow the camera and pulling it up. 

WEIGHT at the bottom of a diver's line was placed 
on the deck of the Affray with the help of the camera. 

© 1953 SCIENTIFIC AMERICAN, INC



work, for while its definition is not as 
sharp, it gives a higher contrast between 
light and dark. But turbidity remains the 
main limiting factor, and the first step in 
dealing with it is to measure the turbid
ity of water. This is accomplished by an 
instrument called a hydrophotometer, 
pioneered by the German oceanographer 
Joachim Joseph. It measures the percent
age of light transmitted through a short 
length of sea water by a beam of a certain 
diameter. By means of a number of such 
measurements taken in various waters, 
the hydrophotometer's readings have 
been related to the visibility range un
der various conditions. With this instru
ment a picture of the water clarity in a 
number of regions at various seasons and 
tidal states is gradually being built up .. 

The poorest visibility of course is en
countered near estuaries and in any 
locality with a mud bottom stirred by 
strong tides or heavy weather. Indeed, 
the water in many river estuaries, docks 
and harbors is nearly opaque. Some
times, when the object to be viewed 
under water is small enough, the diffi
culty can be overcome by interposing 
a bag of clear water between the object 
and the camera: one open end of the 
bag is attached to the camera lens and 
the other either is attached to the ob
ject being observed or has a window 
through which to look at it. 

The best visibility is found along 
rocky coasts and in waters far enough 
from land to be away from its contami
nating influences. In British coastal wa
ters the usual visibility is about 15 feet, 
and under good conditions it goes up to 
40 or 50 feet. The maximum range is 
much greater in the Mediterranean and 
in the open oceans. The record so far is 
150 feet, attained on the Gettysberg 
Banks off the west coast of Spain. 

Generally one needs to provide arti
ficial light even in daytime. For this 
reason the image-orthicon camera tube 
is the one most suitable for underwater 
television. It will register an image with 
only a few kilowatts of light. The light 
is usually built into the camera struc
ture. Its positioning in relation to the 
lens is highly important. The best ar
rangement is to keep the water between 
the lens and the object as dark as possi
ble to reduce the back-scattered light. 
Anyone who has driven a car at night 
in a fog will appreCiate the neceSSity for 
this. The first lights used were ordinary 
divers' lamps, suitably shielded. Then 
various discharge lamps in different 
housings were tried. The Simplest and 
most reliable arrangement found so far 
is to lower directly into the water or
dinary tungsten-filament lamp bulbs, 
equipped with reflectors. The pressures 
a normal light bulb will stand are sur
prising: a 2,000-watt bulb of the type 
used for film-studio lighting is quite re
liable to 600 feet depth and a good spe
cimen will withstand 1,000 feet. SpeCial 

bulbs, using a heavy filament in a com
paratively small envelope, have been 
developed for regular operation down to 
1,000 feet. Such a construction is possi
ble because water immersion cools the 
bulb. 

For very great depths a different form 
of lighting will be necessary. Housings 
to resist pressures at such depths are 
undesirable because they are optically 
inefficient and would be nearly as bulky 
and heavy as the camera itself. A pos
sible new light source would be a small 
high-pressure mercury arc of the capil
lary-tube type. This would stand almost 
any pressures likely to be encountered. 
It has been tried with promising results. 

T
HE CAMERAS now in use are 
standard outdoor television ones, 

slightly modified and built into cylin
drical steel watertight containers. The 
cameras' bulk and shape make the cylin
ders rather unwieldy, particularly if 
built for deep working. The first casing 
built was for a 200-foot working depth 
and operated down to 300 feet, its sur
vival being accredited to luck. Subse
quent casings have been more carefully 
designed and two are capable of 1,000-
foot depths with a large factor of safety. 
The largest tips the scale at 2,000 
pounds. The casings for various purposes 
differ considerably in design. Handling 
these heavy objects with their delicate 
contents at sea has been a difficult task 
at times. An attempt is now being made 
to produce a simplified camera of a more 
suitable shape which will fit in a casing 
about 10 by 22 inches that would weigh 
no more than 100 pounds even for 1,000-
foot operating depths and could be made 
lighter for shallow working by a diver or 
from a small ship. 

Since the slightest leak in these cas
ings would be costly, great attention has 
been paid to the watertightness of 
joints, glands and windows. As an addi
tional precaution, all possible sources of 
leakage are kept at the bottom or lens 
end of the casing; the camera is general
ly operated with the lens pointing down
ward. The casing is fitted with a leak 
detector, which gives an alarm on the 
surface before any damage can be done. 
The cable connecting the camera to the 
surface is identical with that used in tele
vision studios, except that its sheathing is 
doubled for extra mechanical protection. 
The maximum length of cable through 
which the camera will operate satisfactor
ily is 1,000 feet, and thus far the design 
of casings has been limited to that depth. 

The television picture is reproduced 
in the normal way on the ship. It can be 
relayed to shore by a conventional 
microwave link. Occasionally the screen 
has been photographed; some of the pic
tures are reproduced with this article. 
The photographers do not do full justice 
to the television images, because of the 
improvised nature of the setup and the 
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SPECIALIZED RIGS have evolved 
for underwater television, Top: sus
pended camera with lil!ht attached, 
Second from top: camera on tripod 
with power-operated pan and tilt mo
tions. Third: bottom-survey camera 
with lights attached to tripod legso 
Fourth: suspended camera with light 
and attachment for guiding gtOappleo 
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LENS SYSTEM for underwater television has devel
oped through these stages. At left in each picture is the 
camera lens. The first system has a smaller field of view 

in water than in air. The second has nearly the same 
field in water as in air, but has mechanical and optical 
disadvantages. The third has the same field in water 

inherent difficulties in photographing a 
moving television screen. Motion pic
tures of the screen are not feasible either, 
because of the prodigious amount of film 
required. If really good underwater 
photography is wanted, it is best to 
fasten a remotely operated camera to the 
underwater television camera and use 
the latter as a vie\vfinder. 

Both photography and television are 
complicated by the optical problem of 
looking from air into water. We cannot 
place a flat' glass window in front of the 
camera lens to protect it because the 
glass would narrow the angle of view, 
due to refraction; we need the widest 
possible angle of view, as the camera 
has to be close to the subject. In photog
raphy the problem has been met by 
speCial lenses designed to work directly 
in water, albeit at rather small aperture. 
The television problem is slightly differ
ent: an aperture of at least fl4 is required 
to reduce the lighting to a reasonable 
power, and at the great depths at which 
television works the delicate optical sur
faces cannot be in direct contact with 
sea water. In addition, television's high 
contrast will tolerate only slight vignett
ing. Designers have now developed a 
prototype lens which covers 75 degrees 
in water at fl4 through a flat window. 
This lens is a great advance over the 
original ones, which covered only 25 de
grees. Several cameras have provision for 
changing lenses under water by remote 
control, and thus changing the angles of 
view. A typical survey camera can 
change its coverage from 65 to 35 de
grees in this way, and a camera for ma
rine biological studies, which needs less 
coverage, can change from about 30 to 
10 degrees. 

T HE GREATEST single problem was 
how to maneuver the camera under 

water to train it on the target. There are 
three basic ways of doing it. First, a 
diver may handle the camera. This kind 
of operation may be valuable in salvage 
work. It allows experts on the surface to 
see an accurate picture of a wreck in
stead of having to rely on verbal de
scriptions by the diver (who is seldom a 
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salvage expert). But of course the em
ployment of a human carrier of the 
camera loses many of the advantages of 
television. For handling the camera by 
remote control there are two possibili
ties: one can maneuver it, like a puppet, 
by means of wires or even power
operated pan-and-tilt mechanisms, or 
one can simply lower it on a single wire 
and direct it by purely optical means. 

It may not be irrelevant here .to di
gress on the design of sea-going equip
ment in general. Many devices and ar
rangements which may seem very attrac
tive on paper are unlikely to succeed at 
sea. The sea is crude and simple in its 
attacks on ships and their equipment, 
and crude and simple methods are apt to 
be most successful in combatting it. Ob
viously a present-day television camera 
is not such a simple device. Bolted firmly 
in a static housing, however, it becomes 

robust, and its handling is probably bet
ter accomplished by normal methods of 
seamanship, including wires, derricks 
and winches, than by more complex 
methods. 

THE USES to which underwater tele
vision has already been put are mani

fold, and more are continually suggest
ing themselves. It was originally con
ceived as a rapid method of identifying 
wrecks, for which comparatively simple 
task it proved eminently suited. This was 
soon followed by its use as a salvage tool 
for deep operations to replace the ob
servation chamber ordinarily used. For 
example, the wire-supported camera 
may be loosely shackled to and slid 
down the operating wire of a salvage 
grab. Watching the picture of the wreck 
on the screen, the salvage men can ma
neuver the grab more easily and accu-

SHOAL OF FISH hovers over weed-covered rocks. This picture was made 
by daylight. Daylight pictures have heen ohtained as deep as 400 feet. 
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as in air, and has a flat window. The 
fourth incorporates a flat window 
and a larger field in water than in air. 

rately than when they have to depend on 
telephoned instructions from an observa
tion chamber. 

The camera was also quickly used as 
an aid to diving. A diver normally de
scends along a "shot rope"-a thick rope 
with a heavy weight at the end to anchor 
it on the sea bed. On reaching the bot
tom he may or may not be in the right 
place, since the shot rope was lowered 
by guesswork. In shallow working the 
diver is reasonably mobile and can walk 
off a considerable distance from the 
shot rope, holding on to a thin guide
line. But in a deep dive he usually can
not leave it. Hence if he lands in the 
wrong place, he must be raised to the 
surface and dropped again. The return 
to the surface is a lengthy procedure and 
in tidal waters only one dive every slack 
water is possible. Furthermore, the 
diver's guess as to where he should be 

dropped on the second try may be in
accurate. With a television camera all 
this is changed. The weight is dropped 
first; the camera is slid down the shot 
rope to see whether the shot is in the 
right place, and the shot is then placed 
in the exact position required. The 
camera, while returning to the surface, 
can make sure that the shot rope is clear 
of all entanglement. While all this is 
going on the diver can be briefed in his 
job. This procedure led to the recovery 
of the Affray's snorkel tube, which was 
lying on the sea bed in a very awkward 
position under the overhanging peri
scope standards. 

Another simple application of the tele
vision camera is in surveying sea beds. 
This is perhaps the easiest and most 
straightforward use of the camera. Such 
surveys are of interest to geologists and 
phy_sicists, to oceanographers and to ma
rine biologists studying the behavior and 
distribution of bottom-living organisms. 
The camera used may be the freely sus
pended survey type, or it may be fast
ened to a tripod and stood directly on 
the sea bottom for a detailed picture of 
a small area. With the latter arrange
ment it is possible to locate the lighting 
to much greater advantage, and high 
quality pictures are obtainable even in 
coastal waters. 

In the field of oceanography there is 
another basic application of television 
technique. This is in the remote reading 
of instruments. It is often simpler to have 
a television camera read an instrument 
on the bottom (e.g., a pointer on a scale) 

EDITOR'S NOTE 

This article is published with the 
kind permission of the British Ad
miralty. 

than to use an instrument which trans
mits recordings to the surface. In some 
cases a very simple technique may make 
possible measurements unobtainable in 
any other way. For instance, the move
ments of small patches of dye in the 
water may be observed to measure the 
direction and speed of small currents 
very close to the bottom. 

For the examination of dock walls, 
harbor works, ships' bottoms and the 
like, underwater television is less promis
ing. The reason, of course, is turbid 
water. Sometimes the water is clear 
enough, as in Malta, where a survey of 
dock walls has been done by underwater 
photography. In turbid water an ar
rangement such as a clear-water bag 
may be used, but at these shallow depths 
television may offer no advantage over a 
direct optical instrument.· 

It is in the more inaccessible survey
ing problems that the television camera 
really comes into its own. Present de
velopment is concentrating in producing 
simpler and smaller cameras, better op
tics, lighting and cables, and a generally 
cleaner technique, so that the use of 
underwater television may spread into 
more and more branches of marine re
search. 

SOLITARY FISH is viewed at 600 feet. The television 
camera may be used to estimate populations of fishes. 

FISH ON THE BOTTOM is photographed at the great 
depth of 1,000 feet. Underneath the fish is its shadow. 
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ANATOMY OF A TOOTH is revealed by a vertical 
section photographed under ultraviolet light at the 
National Bureau of Standards. The light area is the 
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dentin, striated by growth rings. The darker area at the 
top is the enamel, with a cavity in its crown. The darker 
area around the dentin at the bottom is the cementum. 
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The Skin of Your Teeth 
It is enamel. Like hm:r and nails, this hard substance lS made 

by epithelial cells. Once it was thought to be as inert as rock; 

now it is known to exchange its substance with the body fluids 

I
T IS A CURIOUS fact that the teeth 

of man are the most durable part of 
the body after death and yet tend to 

go to pieces faster than any other organ 
during life. Buried in the ground they 
may last for thousands of years, long 
after the rest of the body has crumbled. 
But in the living body they are extreme
ly vulnerable to decay. 

Tooth decay seems to be an affliction 
peculiar to the human species. Man has 
always had sporadic cavities; even primi
tive human beings had less perfect teeth 
than the average monkey in the wild. 
Today there are few peoples in the 
world, primitive or otherwise, with truly 
healthy teeth. Tooth decay has shown a 
disquieting tendency to grow with civi
lization. A University of Minnesota 
study covering the last three decades 
indicates that the teeth of the U. S. popu
lation are steadily deteriorating. In Eu
rope the trend has been the same, except 
for a temporary respite during the two 
World Wars, when people ate more 
primitively. If the trend of recent cen
turies continues, by the year A.D. 3000 
Homo sapiens may not have any whole 
teeth left at all. 

Even more discomfiting than the pe
culiar frailty of our teeth is the fact that 
we ,<till do not know exactly why they 
decay. In the past century investigators 
have offered a number of theories, only 
to find flaws in all of them. The idea that 
"a clean tooth never decays" is more 
than 50 years old, but despite half a 
century of vigorous tooth-brushing the 
prevalence of the disease has increased. 
To find a rational solution to the problem, 
the only hope is to intensify our research 
on the teeth. In this research we now 
have the help of some important new 
tools, notably radioactive tracers and the 
electron microscope. With them we have 
already learned some facts that over
throw old notions about the teeth. 

E SSENTIALL Y the teeth consist of 
two types of hard tissue: the dentin 

or ivory core, and the enamel, or "skin" 
of the teeth, to which man owes his 
white smile or his cavities, as the case 

by Hcirlar F. Sognnacs 

may be. The dentin is formed by con
nective tissue-the same tissue that 
makes bone and cartilage. The e�amel is 
produced by skiri ( epithelial) cells
which also give rise to hair, nails, feath
ers, horns and so on. The enamel of the 
teeth is the hardest and strongest tissue 
of the body. If the dentin is a "super 
bone," the enamel is a "super skin." We 
shall concentrate here on the enamel
the most mysterious part of the teeth and 
the rampart that defends them against 
decay. 

The building of a human being's teeth 
begins when the fetus is only about a 

month old and less tllan half an inch 
long. While the future jaws, tooth 
sockets and dentin are being formed by 
connective tissue, epithelial cells start to 
make the units of the enamel. In rhyth
mic fashion each enamel-forming cell 
(ameloblast) builds a tiny, pencil
shaped prism. The prisms are packed 
together lengthwise like fagots; their 
ends become the surface of the enamel 
and each prism is as long as the enamel 
is thick-a tenth of an inch or less. The 
prisms are so slender that there would 
be room for 100 of them within the 
thickness of a human hair. It takes some 

DENTIN AND ENAMEL are photographed at larger magnification hy the 
same technique as on opposite page. Dentin (light area at bottom) is pro
duced by connective tissue cells; enamel (darker area at top) , by skin cells. 

39 

© 1953 SCIENTIFIC AMERICAN, INC



SURFACE OF THE ENAMEL is composed of tiny "prisms." Each of these 
is a long, thin structure extending from the stuface of the enamel down to 
the dentin. This photomicrograph enlarges the prisms some 500 diameters. 

10 million of them to make the enamel 
crown of a molar tooth. 

Because of their rhythmic growth, the 
prisms show growth lines like the rings 
of a tree. Their growth is extremely sen
sitive to disturbances in metabolism: an 
infection or nutritional deficiency inter
rupts their development and leaves a 
permanent imprint on the enamel in the 
form of an irregular growth line. Even 
the normal event of birth, with its 
change in metabolism, marks a so-called 
birth line in the enamel. 

When the infant is born, not only are 
its baby teeth already calcifying but its 
permanent teeth have begun to form. 
At the age of three the child literally has 
a mouthful of teeth: the 20 baby teeth, 
which by now have emerged into the 
mouth, and 32 permanent teeth, which 
are buried in the jaw in various stages of 
formation and calcification. The perma
nent teeth replace the baby teeth be
tween the ages of six and 13, and the 
wisdom teeth, if any, do not appear be
fore 18. Thus the formation and calcifi
cation of the teeth cover many years, 
during which conditions are not always 
ideal for their construction. Yet to make 
perfect enamel each enamel-forming cell 
must stay healthy until the work is done, 
for the ameloblasts, unlike most other 
cells of the body, cannot reproduce. 

For many years the completed enamel 
of the teeth was considered "dead as a 
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doornail" -an inorganic, rocklike struc
ture devoid of any organic matter. As 
a result it was treated as if it were in
dependent of the body as a whole. 
Whereas the lining of an organ like the 
stomach has physiological defenses 
against its digestive acids, the enamel 
was thought to be a passive prey to its 
environment. The prevailing idea was 
that tooth decay was due simply to at
tack by acid formed by bacterial fermen
tation of carbohydrates in the mouth. 
This view guided much of the research 
on the problem. 

We know now that the enamel is not 
purely inorganic. The early investigators 
failed to find any organic material be
cause they lacked sufficiently refined 
methods for examining the enamel. 
When it was treated with acid, it dis
appeared; when thin slabs of it were 
examined under the microscope, only in
organic material was observed. The 
reason was that the slabs were much too 
thick, many times thicker than the 
prisms they were examining. The enamel 
prism itself is a mere five microns (one 
5,000th of an inch) in diameter, and the 
spaces between the prisms are less than 
one micron wide. 

WHEN, with the new tools of recent 
years, it became possible to slice 

much thinner sections of enamel and to 
explore the prisms and spaces at the 

submicroscopic level, a new picture 
emerged. Under the ordinary micro
scope it could be seen that the enamel 
was permeated with a spongelike mesh
work of organic matter which filled the 
spaces between the prisms. Under the 
electron microscope, and using still thin
ner sections (much less than a micron 
thick), investigators have discovered 
very recently that organic fibrils inter
lace not only the spaces between prisms 
but the core of the prism itself. These 
fibrils, so fine that they are invisible 
under the ordinary microscope, appar
ently surround the individual inorganic 
crystals. 

These discoveries make clearer what 
is involved in the decay of a tooth. The 
microorganisms that are believed to 
cause decay in the teeth are much wider 
than the individual crystal-and-organic 
units that make up the enamel. Hence 
before a microorganism can invade the 
enamel, both the organic and the inor
ganic matter (or the bond between the 
two) must be destroyed or weakened in 
some way. 

The next problem is the chemical 
composition of the enamel. The prism 
crystals are made of tricalcium phos
phate, magnesium phosphate and cal
cium carbonate-the same substances 
that occur in the dentin of the teeth and 
in bone. In addition, the enamel contains 
many trace elements, but it is not clear 
whether these are attached to the crys
tals or intermixed in some other fashion. 
One of the trace elements is fluorine. 
Studies of it suggest that it may enter 
into a chemical reaction at the surface of 
the crystals and form a relatively insolu
ble product, making the teeth more re
sistant to decay. 

As for the organic fibrils in the enamel, 
analysis of their amino-acid composition 
indicates that they may be a keratin-the 
fibrous protein of skin and hair. Besides 
this fibrous protein, the organiC matter 
also seems to contain a polysaccharide 
(a complex of protein and carbohy
drate) which may serve as a coating of 
the fibrillar matter and as a bond be
tween the inorganic crystals. 

Thus it appears that the enamel of the 
teeth, like dentin and bone, is made up 
of three major components: (1) the in
organic crystals, which serve as bricks; 
(2) the polysaccharide, which acts as 
mortar, and (3) the fibrous protein, 
which form the reinforcing framework 
of the structure. 

Yet enamel is unique among living 
matter in two respects; it has no cells or 
blood vessels. Is this strange tissue dead 
or alive? The question has been argued 
heatedly ever since the enamel was 
found to contain organic matter. Cer
tainly enamel cannot reproduce itself, as 
living tissues usually do. But then, 
neither can some of the highly special
ized cells of the body, such as the brain 
neurones. To investigate the question 
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ORGANIC FRAMEWORK of the enamel prisms re
mains when their inorganic content (tricalcium phos
phate, magnesium phosphate and calcium carbonate) 

C?R�ANIC FIBRILS ar� revealed when a very thin sec
tIOn IS enlarged 20,000 dIameters by the electron micro
scope. The roughly circular structure is a single prism. 

are dissolved with dilute acid. The organic material 
seems confined to the spaces between the prisms, which 
are enlarged some 1,000 times in this photomicrograph. 

The electron micrograph was made in collaboration with 
the author by David B. Scott, Marie J. Ussing and Ralph 
W. G. Wyckoff of the National Institutes of Health. 
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RADIOAUTOGRAPH of a mon
key's tooth shows that teeth, like 
other tissues of the hody, actively ex
change some suhstance with the hody 
fluids. The radioautograph was made 
hy the following procedure. First 15 
millicuries of the radioactive isotope 
phosphorus 32 were injected into a 
vein of the monkey. After nine days 
the monkey was sacrificed; the in
cisor tooth shown in the radioauto
graph was then removed and cut 
from top to hottom. The flat surface 
of the tooth was placed upon a piece 
of photographic film for 15 hours. 
When the film was developed, the 
radiation from the phosphorus had 
exposed it in the pattern shown here. 
The exposure is strongest on the sur
face of the enamel at the top and 
around the root canal, indicating that 
the tooth exchanged phosphorus 
with hoth the saliva and the hlood. 
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whether the enamel is alive, or at least 
capable of change, radioactive tracers 
seemed a logical tool. 

lET US CONSIDER the metabolic be
L havior of bone, second cousin to the 
enamel. Bone is an active participant in 
the body's physiology: it continuously 
rearranges its structure according to the 
body's needs; it stores calcium for the 
body's emergency c:mands. It gives up 
calcium by the process called resorption, 
which dissolves away part of the bone, in 
the presence of certain giant cells called 
osteoclasts and under the influence of 
hormones or of mechanical stress. Some
times resorption may extend to the jaw
bone or even the bones that form the 
teeth sockets. Yet the teeth themselves 
are usually spared. (This is what makes 
it possible for orthodontists to straighten 
teeth; under pressure from the braces the 
socket bones are resorbed and rear
ranged, while the teeth remain intact.) 

There is one perfectly normal process 
in which the teeth do submit to resorp
tion. When the baby teeth are shed, the 
cementum that covers the root of the 
tooth, the dentin and often even the 
enamel are resorbed. Furthermore, as 
we have seen, developing teeth share in 
the general metabolism of the body. We 
must, however, make a sharp distinction 
between growing and adult teeth. Once 
tlle enamel has been fully formed, it 
seems to be independent of the body's 
metabolism-certainly of those metabolic 
influences that are transmitted directly 
through blood vessels and cells. 

Does it exchange substances with the 
rest of the body in some other way? This 
is the question we undertook to explore 
with radioactive tracers. Tracer experi
ments had shown that deposits of bone 
and of fatty tissue, which seem station
ary, are actually far from static and are 
constantly reworked by a give-and-take 
process-a turnover of the atomic build
ing blocks. We used radioactive isotopes 
of phosphorus, calcium, iodine and other 
elements to find out whether such a 
turnover took place in the enamel. The 
experiments proved that it did. Some of 
the ions at the surface of the enamel 
crystals, including ions of phosphorus 
and calcium, are freely exchangeable 
with chemically similar ions in the sur
rounding fluid, the saliva. What is more, 
ions of such elements as phosphorus and 
iodine can penetrate through the enamel 
and dentin-and in both directions! They 
can move from the saliva into the in
ternal pulp of the tooth and vice versa. 

In short, the enamel is not as fixed or 
as dead as it seems. Like other hard tis
sues, it carries on a traffic with its en
vironment, albeit without the aid of 
blood vessels or cells. What tissue fluid 
is to finished bone, in a chemical sense, 
the saliva is to finished enamel. As long 
as an equilibrium of intake and outgo is 
maintained, the composition of the 

enamel stays constant. But when the 
equilibrium is upset, the tooth substance 
may change-for better or for worse, 
from the standpoint of defenses against 
decay. 

Saliva clearly is essential to the health 
of the teeth, for when the salivary glands 
are destroyed or removed, tooth decav 
becomes rampant. But considering the 
great variety of substances we take into 
our mouths and circulate via the saliva, 
we !pust be concerned about what the 
saliva is introducing into the enamel. 
Some of the substances that enter the 
enamel by this route may strengthen its 
defenses; some may weaken them. At 
the other end, a wrong-way traffic within 
the teeth themselves may be as danger
ous to them as the microorganisms and 
food substances in the saliva. 

pRACTICAL application of these find-
ings to the prevention of tooth decay 

is not around the corner; the puzzle of 
what causes decay is still far from solu
tion. Until we know more about the 
causes, we can only go on using the 
strategies we have at hand. Cleaning the 
teeth is demonstrably none too effective. 
It is perfectly true that a clean tooth
meaning a tooth completely free of mi
croorganisms, their food and their prod
ucts (acids and enzymes) -never decays. 
When rats are fed by stomach-tube, by
passing the mouth, or when animals are 
raised in a germ-free environment, their 
teeth do not decay. But in practice a 
clean tooth never exists, for a person who 
eats normally always has some micro
organisms and food debris in his mouth, 
no matter how often he brushes. The 
most that can be said is that if we did 
not clean our teeth they would be worse 
than they are. 

The second strategy is to fortify �he 
teeth's defenses. This approach may be 
more effective. The most significant and 
useful step that has been taken in this 
direction is the fluoridation of drinking 
water. Fluorine helps most in preventing 
decay if it is built into the teeth while 
they are developing during childhood. 
The research that led up to this public 
health measure is a story in itself-a story 
of which the dental profession can justly 
be proud. However, this progress, while 
encouraging, should not lead to com
placency in our fight against the deeper 
secrets of dental disease. Fluorine signifi
cantly reduces the extent of tooth decay; 
it does not abolish the disease. 

Nonetheless the partial success of 
fluorine has underlined the importance 
of the developmental period in general, 
and of trace elements in particular, for 
the construction and maintenance of 
healthy teeth. It emphasizes that to find 
the causes of tooth decay we must in
vestigate not merely the microorganisms 
in the mouth but the submicroscopic 
structure, the chemistry and the physi
ology of the teeth themselves. 
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_____ Kodak reports to laboratories on: 
high resolution plates ... the mitigation of office drudgery • . •  a reduction 

in the price of excess e13 . • •  a new projector for detailed study of 16mm _ movies 

High resolution 

Kodak Spectroscopic Plates, Type 
548-GH, compromise the conflict 
between high sensitivity and high 
resolution far in the direction of the 
latter. With suitable optics they can 
resolve more than 1,000 lines per 
millimeter, and yet they are only 
about twenty times slower than the 
Kodak Lantern Slide Plate. We 
have seen 70,00Q well formed char
acters laid down in a 5-sq. in. area 
on these "548-G H's." It's done as 
a routine manufacturing operation, 
too. 

Now, what with manufacturers 
getting ideas for these wondrous 
plates, while reticle makers, micro
radiographers, and sundry other 
enthusiasts continue to cry for them, 
we remove these plates from the 
"Kodak Spectroscopic" classifica
tion and turn the job of manufac
turing them over from the labora
tory to the factory. We highly re
solve that under their new name of 
Kodak High Resolution Plates, they 
will continue to provide resolution 
as high as ever. 

Kodak High Resolution Plates are 
sold by Kodak industrial Dealers, gen
erally after details abollt sizes, glass 
thickness, etc., hm1e been cleared up in 
correspondence directly with Eastman 
Kodak Company, Indllstrial Photo
graphic Division, Rochester 4, N. Y. 

Verifax copying 

This young lady is demonstrating 
the new, revolutionary, and unique 
Verifax Printer, a form of salvation 

from drudgery for millions of her 
typewriter-pounding sisters, includ
ing the one who works for you. 
Surely her time can be more profit
ably used than in copying reports, 
letters, cards, charts, etc., when a 
ready-to-use Verifax copy can be 

made in a total elapsed time of 50 slashed prices on the other three 
seconds, two more in the next 10 Cl3-enriched Eastman Isotope Con-
seconds, often as many as six from a centrates we supply. 
single sensitized sheet. That sheet is If you're interested ill the details 011 

a rather fundamental new develop- Barium Carbonate (Eastman C13-

ment from the Kodak Research 6020), or other Eastman Isotope Con-
centrates of CI3 or N15, write to Distil-

Laboratories. Roomlight-handling, lation Products Industries, Eastman Or-
it incorporates its own developer ganic Chemicals Depart-

I I and dye-former. After reflex expo- ment, Rochester 3, N. Y. 2:EJ�; 
sure within the machine, this sheet 
is "floated" into a built-in tray of 
activator. The whole sheet blackens 
in a few seconds, but wherever white 
space on the original document re
sulted in light exposure, the more 
vigorous development reaction re
leases a product which locally hard
ens the gelatin. The unhardened 
areas, representing what was dark 
on the original document, are now 
left soft and black and readily trans
ferable to as many as six successive 
sheets of plain, dry, unsensitized pa
per pressed with it through a roller 
on the unit. If your young lady ap
preciates such niceties of physical 
chemistry-congratulations! But 
even if she doesn't, the copies will be 
just as good and still cost less than 
five cents apiece for three made 
from one matrix. 

The Verifax Printer will sell for $240. 
If you'll write to Eastman Kodak Com
pany, Industrial Photographic Division, 
Rochester 4, N. Y., we'll arrange for a 
demonstration, as equipment becomes 
available in your locality. 

We've recently cut the price of 
Barium Carbonate from $400 per 
gram of excess C13 to $160 per 
gram. This is very special barium 
carbonate. Sixty to seventy percent 
of the carbon atoms in it are of the 
Cl3 species, as compared with the 
1.1 % abundance of this species of 
carbon atom ordinarily encoun
tered wherever carbon occurs. We 
ask purchasers of it to specify not 
how much barium carbonate they 
want or even how much Cl3 they 
want (there is, of course, plenty of 
Cl3 all about you), but the weight 
of excess Cl3 desired. To people 
equipped with a mass spectrometer 
and engaged in tracer studies where 
radioactivity is a nuisance, it will 
also be gratifying news that we have 

"Analyst" projector 

This is for those who use 16mm 
movies for dispassionate purposes: 
the analysis of cavitation, of the 
motion of cilia, of malfunction in a 
tapping machine, of a girl assem
bling a cigarette lighter, of a sopho
more's performance at tackle, and 

so on through the myriad of ap
plications of high speed and normal 
speed cinematography. 

We now offer the Kodascope 
Analyst Projector for the minute 
study of silent 16mm film footage. 
It is specifically designed to be re
versed and rerun all day long with
out a hitch, without overheating, 
and without blanking out at the 
instant of reversing. The blower fan 
keeps on blowing whether the film 
is moving or not because it is on a 
separate motor. Built right into the 
carrying case is the Kodak Daylight 
Projection Viewer. There is no need 
to turn the room lights off or pull 
down the shades and no need for a 
bulky screen. The reversing switch 
is on the end of a 5-foot cord for the 
benefit of a projectionist too excited 
to sit still. 

For a demonstration of the Kodak 
Analyst Projector see a Kodak indus
trial or Audio- Visual Dealer. Write 
Eastmall Kodak Company, Cille Kodak 
Sales Division, Rochester 4, N. Y., if 
you don't know where to find one. The 
machine clirrelllly lists at $295. 

All prices quoted are subject 
to change without notice 

This is one of a series of reports on the many products 

and services with which the· Eastman Kodak Company and 

its divisions are • • •  serving laboratories everywhere 
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Glance around your 
plant ... with an eye to 

improving your product 

ASSEMBLY 

SPEED 

ABRASION RESISTANCE 

Go no further than your own plant whenever 
you seek material properties in wonder-work
ing combinations. In one department after 
another you'll see equipment that works bet
ter, looks better and often lasts longer because 
Durez phenolic plastics are used in making it. 

These examples only hint at the unequalled 
flexibility of Durez phenolics in fitting them
selves to your blueprint. 

In simplicity of production and end-product 
characteristics alike, Durez materials are ex
tending horizons for businessmen and their 
technicians in designing for future profits. 

As resins applied to a product or integral in 
it, or as materials for molding into finished 
large and small units in custom molding 
plants, today's phenolics have more possibili
ties than ever before. Your engineers and 
molding men will find Durez - largest pro
ducer of phenolics exclusively - helpful in 
making them pay. 
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Our monthly "DlIrez Plastics News" will 
keep you informed on indmtry's uses of 
Durez. 117 rite, on office letterhead, to 

DUREZ PLASTICS & CHEMICAL S, INC. 

806 Walck Rd., North Tonawanda, N. Y. 

PHENOLIC PLASTICS that fit the lob 

Atomic Power 

X
thiS issue of SCIEKTIFIC AMERICAN 
went to press, the Congressional 
Joint Committee on Atomic Ener

gy had under consideration several 
proposed amendments to the Atomic 
Energy Act. The Wall Street Journal re
ported that President Eisenhower was 
"about to ask Congress to let private in
dustry have a bigger share in the atom." 
The proposed changes in the Act, as out
lined in a bill already introduced in the 
House, would license private companies 
to possess uranium and to produce plu
tonium and other fissionable materials, 
would permit the Government to make 
long-term contracts to buy plutonium 
from private manufacturers, and would 
allow companies doing research in 
atomic energy to patent their inventions. 

These proposals have the support of a 
number of interested companies. Walker 
L. Cisler, president of the Detroit Edison 
Company, recently said that "the time 
has come when definite, full-scale com
mercial applications of atomic fuels must 
be considered and undertaken." Indus
try, he declared, is ready to "proceed 
with this development if it can do so on 
the basis of our competitive enterprise 
system." A consultant of Detroit Edison 
has estimated tllat industry could de
velop atomic power to compete with 
other fuels within 10 years. This calcula
tion is based on the sale of plutonium 
produced in the power reactors to the 
Government for weapons. Charles A. 
Thomas, president of the Monsanto 
Chemical Company, believes that indus
trial power reactors might produce plu
tonium for sale to the Government at less 
cost than the Atomic Energy Commis
sion's present reactors. 

Not all sections of industry agree with 
this approach or accept such estimates. 
A leading exponent of the "go slow" 
school, Harry A. Winne, vice president 

SCIENCE AND 
of General Electric Company, stated 
last month that he saw "no need to get 
hysterical about the development of 
atomic-electric power." Winne argued 
that nuclear power "will be economically 
sound only when it can compete with 
conventional electric power without re
quiring a government-supported weap
ons market." He thought that it might 
be desirable to go ahead with one ex
perimental reactor for the dual purpose 
of producing power and plutonium, but 
he estimated it would take "decades" to 
develop the "new tools and new knowl
edge" needed to build economical power 
plants. 

In advance of the hearings there was 
little publicly expressed opposition to 
the proposed changes in the Atomic En
ergy Act. U. S. Senators John W. Bricker 
and Bourke B. Hickenlooper and General 
Leslie R. Groves were reported to head 
a group opposed to the changes on the 
ground of the security risk. Some mem
bers of Cor.gress also believe that such 
changes are premature. They argue that 
truly competitive atomic power is so 
many years away that no large private 
funds would be ventured in it; that the 
companies which wish to build plants 
are primarily interested in selling plu
tonium, and any pilot plants would actu
ally be subsidized by the Government 
directly or indirectly. They also believe 
that the Government should retain COll
trol of atomic energy in order to mitigate 
the impact of such a power revolution, 
when it actually comes, on the national 
economy. They favor merely widening 
industrial participation in government
owned research and development proj
ects at this time. 

Bureau of Standards 

THE National Bureau of Standards 
was placed in a state of suspense last 

month. Confronted with the threatened 
resignation of a large part of the Bureau 
staff over the discharge of Director Allen 
V. Astin, Secretary of Commerce Sin
clair Weeks temporarily reinstated As
tin and appointed a committee of nine 
prominent scientists to review the Bu
reau's work and functions. He asked 
Astin to stay on until the investigation 
was finished. The committee is headed 
by Mervin J. Kelly, president of Bell 
Telephone Laboratories, and includes 
representatives of a number of scientific 
and engineering societies. 

A few days after Weeks's appoint
ment of the committee the Washington 
Post reported that he had already begun 
to curtail the Bureau's functions. At 
"reeks's request, said the Post, Secretary 
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of Defense Charles E. Wilson issued 
an order stopping any further assign
ment of defense research projects to the 
Bureau of Standards or other Govern
ment agencies except on his specific ap
proval. When the investigating commit
tee learned of this, it asked that the 
order be rescinded until.its inquiry has 
been finished. 

Weeks, who had originally charged 
the Bureau with not being objective in 
its tests of a battery additive, said in his 
later statement "that at no time has there 
been any intent, implied or otherwise, 
to cast reflection upon the integrity of 
the Bureau or the professional compe
tence or integrity of Dr. Astin." But he 
made clear that Astin would not be re
tained, whatever the findings of the in
vestigating committee. Weeks declared 
he had differences with Astin over "ad
ministrative viewpoint and procedure." 

Astin, agreeing to stay in his post re
gardless of "personal opinions or wish
es," noted that "the professional integri
ty of the Bureau and my own integrity 
and competence have during recent 
weeks seemed to be in question. I am 
gratified that the Secretary has seen fit 
to reassure me and the Bureau on these 
particular points." 

Astin's firing, remarked the New York 
Times, "mushroomed into one of the 
most embarrassing political incidents 
the Eisenhower Administration has yet 
faced." Scientists, congressmen and the 
press accused Weeks of political inter
ference with scientific work, and some 
found disquieting a reported statement 
by Weeks that technical products should 
be submitted solely to "the play of the 
market place." 

AD-X2, the battery additive which 
touched off the explosion, will be investi
gated by a committee to be appointed 
by the National Academy of Sciences. 
Meanwhile a few more details of its his
tory emerged. Wallace R. Brode, of the 
Bureau staff, disclosed that the Bureau 
had been under "terrific pressure," in
cluding requests from 24 Senators, to 
report favorably on it. The Washington 
Post said that Keith J. Laidler, technical 
consultant to the Senate Small Business 
Committee and one of the chief critics of 
the Bureau's tests, was on the payroll of 
the manufacturer of AD-X2. 

Attic Physicist 

T HIS is an age of specialism and big 
research establishments in science

an age in which the esoteric refinements 
of nuclear physics, for instance, are 
widely recognized to be too much for 
the untrained man. Still, untrained solo 

Tall Tale 
Take Paul Bunyan now, he was born 
to do big things. Outgrew his first 
cradle in a week, and his second an' 
third before they was even finished. 
Finally put him in a twenty-foot 
trough his old man built overnight 
and anchored off Kittery Point. But 
Paul gOt restless out there and rocked 
so hard he made a tidal wave that 
swamped towns from Bath to Ban
gor. Hearin' folks talking about what 
to do with him, Paul wades ashore 
and disappears into the tall timber, 
wearing his cradle like a cap. 

to Fabulous Fact 
Same's true of silicones. Ever since 
they were born in a laboratory at 
Corning Glass Works, silicones have 
Outgrown their kettles and stills 
faster than Dow Corning could build 
them. And we've built them fast. 
Productive capacity was doubled, 
redoubled and doubled again in the 
first eight years. We're celebrating 
our Tenth Anniversary by building 
new plants faster than ever because 
engineers have learned that silicones 
make the impossible practical. 

T hey're among the Fabulous Facts 
of our times . . . facts that match 
the tall tales retold in these col
umns and assembled now in a useful 
new SILICONE booklet entitled 
Tall Tales 

and Fabulous Facts 
Like the tall tales our ancestors 
told to make the dark forests and 
endless plains seem less over· 
whelming, silicones h appily 
resolve complex problems in 
design, production and mainte· 
nance. 

Moil Ihl. eoupon TODAY 
lor your FREE Copy 01 Tall 
T"I.. ....1 FiJlwkiu. Foct. 

DOW CO�NING SILICONE NEWS 
NEW FRONTIER EDITION 

TWELFTH OF A SERIES 

Dow Corning Corporation • Department W-6 • Midland, Michigan 

Name ___________ Title ____ _ 

Company_ 

Address _____ . ____ _ 

City _____________ Z'n'-__ State 
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SHAFT 
MONITOR 

• representation 
with 
O.09-degree 
accuracy 

ERA SHAFT-MONITOR shaft-position indicator systems rapidly 
and accurately detect the angular position of a rotating shaft and 
convert the resulting indications to a digital representation. 

Accuracies of better than one-tenth of one degree are practical. 
Measurements, routed to a convenient remote location, may be 
displayed as visual indications in digital form, transferred to 
magnetic tape, punched tape, or punched.cards for future analysis, 
or used to perform desired control functions. 

ERA Shaft-Monitors are applicable to many 
problems in monitoring, instrumentation, 
and control which rely upon the accurate 
measurement of the angular displacement 
of a continuously or intermittently rotating 
shaft. 

� 
Write for descriptive brochure. 

I 
� ...... � 

������ � 7Innd 
1902 West Minnehaha Avenue, Dept. S- 6, St. Paul W4, Minnesota 
DIGIT Al COMPUTERS ... OAT A-HANDLING SYSTEMS ... MAGNETIC STORAGE SYSTEMS ... 

INSTR'JMENTS ... ANALOG MAGNETIC RECORDING SYSTEMS ... COMPUTING SERVICE 
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investigators are not always or alto
gether discouraged. Three years ago the 
Radiation Laboratory at the University 
of California received a long letter from 
one Nicholas ChristofiIos, then living in 
Athens, Greece. Mr. Christofilos had an 
idea which he thought would make it 
possible to build immensely bigger and 
more energetic synchrotrons. 

The California scientists considered 
the suggestion, were batRed by the un
orthodox mathematics with which Mr. 
Christofilos ventured to explain it, and 
decided the idea would never work. 
ChristofiIos, undiscouraged, was so sure 
he was right that he applied for U. S. pat
ents on his principle. His idea lay quietly 
buried in the Patent Office until a few 
months ago when a team of physicists at 
the Brookhaven National Laboratory, 
who had never heard of Mr. Christo
filos or his suggestion, discovered in
dependently after much high-powered 
labor that such a system would indeed 
work. What Mr. Christofilos had dis
covered was the principle of the strong
focusing synchrotron (see "A IOO-Bil
lion-Volt Accelerator," by Ernest D. 
Courant; SCIENTIFIC AMEHICAN, May) . 

This verified story came to the atten
tion of a number of leading U. S. physi
cists last month and created consider
able interest in its hero. ChristofiIos, 
born in Boston, Mass., in 1916 of Greek 
parents, grew up in Athens, to which 
his family returned when he was a boy. 
He was educated as an electrical engi
neer in Athens and after graduation 
worked for an elevator manufacturer. In 
his spare time he studied atomic physics, 
and on his own he seems to have discov
ered the principle of the synchrotron 
itself. Then it occurred to him that the 
magnetic field which keeps the acceler
ated particles in their path might be 
split up into a series of alternate focus
ing and defocusing sections which would 
have a strong net focusing effect and 
keep the particles in a very narrow 
beam. Christofilos had no training in 
mathematical physics, but he improvised 
a crude mathematical handling of the 
problem which gave approximations 
close enough to satisfy him that the idea 
was sound. 

Christofilos, now back in the U. S., has 
recently talked with physiCists at Brook
haven and the University of California
and received a respectful hearing. He 
foresees important commercial applica
tions for his discoveries in addition to 
their value in nuclear research. 

Lie Gadgets 

T HE technological methods of lie 
detection appear to be losing favor 

among the experts. The Atomic Energy 
Commission has just issued a new policy 
directive on the use of the lie detector 
at Oak Ridge. It will no longer be used 
for periodic mass examinations of the 
several thousand employes assigned 
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IDEAS IN PHARMACEUTICALS are building healthier bodies and a new 

vocabulary. Sulfadiazine . . . streptomycin . . . cortisone. Familiar 

words tOday. A generation ago they were unknown. These new prod

ucts are but a few of the many now being mass-produced by the 

pharmaceutical industry. Today pharmaceutical companies are manu

facturing over one billion dollars' worth of products annually in the 

constant struggle against disease. 

IDEA-CHEMICAL 
helps spotlight internal organs 

for better x-ray diagnosis 

Injected intravenously ,a crystal

clear solution of an iodine com

pound serves as a useful contrast 

medium ... outlines certain in

ternal organs more clearly for 

x-ray diagnosis. The last step in 

the synthesis of this compound is 

the methylation of the cyclic ni

h'ogen atom of an organic acid. 

Before choosing a specific 

methylating agent for this job, 

the pharmaceutical manufacturer 

investigated various types, in

cluding the methyl halides. Mter 

tests, he selected an Idea

Chemical from Du Pont-Di

methyl Sulfate. 

He found that Du Pont Di

methyl Sulfate is effective and 

Write for our new booklet on Polychemicals 
products for industry 

These products for the pharmaceutical industry are typical. 

Polychemicals products for industry include amides, alco

hols, esters, organic acids, solvents, resins and plastics. For 

more information about products which may be useful in 
your industry, send for our new booklet, "Products of the Poly chemicals 

Department." You'll find descriptions, properties, uses, possible appli-

cations and other data. Write on your business letterhead for your copy. 

We will gladly cooperate with you on any applications for Poly chemicals 

products you would like to investigate. 

E. I. DU PONT DE NEMOURS & CO. !INC.) • POLYCHEMICALS DEPT. 596 • WILMINGTON 98, DEL. 

economical to use. Reactive at 

low temperatures, it requires lit

tle heat for the methylation re

action. In addition, it can be used 

at atmospheric pressures without 

autoclaving because of its high 

boiling point (18 8.8°C.). 

But Dimethyl Sulfate is only 

one of the chemical products from 

the Du Pont Polychemicals De

partment helping the pharma

ceutical industry do a better job. 

The list includes Methanol-used 

as a solvent in the manufacture 

of cholesterol, streptomycin, vita

mins, hormones and other phar

maceuticals. And Crystal Urea

used in the preparation of theo

bromine and barbiturates. 
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YOUR IDEA THAT 
HASN'T QUITE HATCHED • • • 

Is Moisture Holding It Back? 
Wonder drugs were only a good idea 
in the throes of research when excess 
humidity became a problem. Lectro
dryers* inhaled the air, dried it and 
sped wonder drugs on the way to 
miracle curing. 

Aviation wizards wanted air dry 
enough to prevent blizzards in super
sonic wind tunnels. Lectrodryers 
first did it with air, then by drying 
heavy gases. 

Controlled dryness of air, gases, or 
organic liquids may permit your idea 
to incubate and hatch without a hitch. 
For every fog-bound idea there is, or 
ca u be, a Lectrodryer built to meter 
out all unwanted moisture. Lectro-

dryers can control hUlllidit) precisely 
as you want it controlled. 

Since there are Lectrodryers eco
nomically lowering dewpoints t o  
-llO° F., moisture becomes a variable 
that you can eliminate. Perhaps it's 
the variable that, once gone, will clear 
the way for the birth of your idea. 

Data available 
"Because Moisture Isn't Pink" is a 
pamphlet telling how others have 
removed troublesome moisture with 
Lectrodryers. "The Moisture In Our 
Atmosphere" treats the same subject 
technically. It's worth a card to 
obtain copies for your file. Write: 
Pittsburgh Lectrodryer Corporation, 
336 32nd Street, Pittsburgh 30, Pa. 

LECTRODRYER 
* REGISTERED TRADEMARK U. S. PAT. OFF. 

LECTRODRYERS DRY WITH ACTIVATED ALUMINAS 

there to "sensitive" jobs. Future lie de
tector examinations anywhere in the 
AEC will be confined to specific cases 
and will be undertaken on a "voluntary" 
basis and only when authorized by the 
General Manager. 

The AEC gives as reasons for limiting 
the scope of its quizzing machine that it 
offers only an "indeterminate marginal 
increase in security" beyond what is sup
plied by normal police methods, that 
it has not proved effective in ferreting 
out intent to commit sabotage or s;'m
pathy with subversive movements and 
that it has a bad effect on employc 
morale. 

Two lawyers and two psychiatrists on 
the Yale University faculty recently is
sued a joint warning against the use of 
"truth serums" in criminal investiga
tions. The psychiatrists, Frederick C. 
Redlich and Lawrence Z. Freedman, 
cited clinical evidence to show that 
"normal" subjects readily hide what 
they wish to hide when under the in
fluence of one of these drugs (sodium 
amy tal) , and that "neurotic" subjects 
frequently confess to deeds of which 
"they are innocent. The statements elic
ited by drugs, they said, are more apt 
to be symbolically significant than ob
jectively true. 

The lawyers, George H. Dession and 
Richard C. Donnelly, noted that truth 
drugs have been used by many police 
departments. They urged the courts to 
devise ways of protecting people held 
in police custody from this type of grill
ing and to rule out as evidence such 
involuntary statements. They held that 
if the drugs are to be used at all, they 
must be administered under court order 
and court supervision. The Yale report 
concluded that while truth drugs might 
sometimes be a helpful adjunct to the 
detection of crime, they "must be both 
mastered and controlled if we are to 
honor our belief in the dignity of the 
individual." 

Growing Pains 

AN unexpected flaw in transistors "as 
ft they exist today" has caused Zenith 
Radio Corporation to stop production 
of a new transistor hearing aid. Because 
of the high humidity to which transistors 
are subjected when worn next to the 
body, they fail in hearing-aid service 
after a few weeks, the company said. 

This "unexpected flaw" is only one of 
several problems with which transistor 
designers are wrestling. Engineers in 
the field compare the device today with 
the vacuum tube in 1915-a new devel
opment with high promise, but some 
years and many engineering refinements 
away from full usefulness. The big prob
lem now is to find out what jobs transis
tors can do and to learn how to design 
different transistors, and circuits to go 
with them, that will meet a variety of 
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Licorice blocks are wrapped in waterproof paper and shipped in sturdy containers. 

LICOBICE has challenging industrial possibilities 

Has licorice any value in the treatment of Addison's disease? Can it be 

used to enhance the flavor of breakfast foods? Might the active enzymes 

of licorice root be useful in the control of digestive or nutritional func

tions? And what could it do for your business? 

Medical studies recently completed indicate a yes to the first question. 

It's likely would be the reply to the food manufacturer who failed to 

solve his problem with more familiar flavor components. Don't know 
would be the answer to the third query-almost anything, it seems, can 

happen with licorice. The fourth: at this moment, a question mark! 

Centuries ago someone introduced a new, flavorful candy by adding 

licorice to his recipe. Pharmacists also started using licorice extract to 

mask the bitterness of certain medicines. More recently, extract of the 

"sweet root" came to be employed as a conditioner and mellowing agent 

in tobacco products. Next, experiments revealed that licorice helps pro

duce a tough foam structure, one that has been put to valuable service 

in extinguishing fires. 

The listing at the right still further suggests that you should not over

look licorice in your search for new products or for ways to improve 

what you are already making. We don't have all the answers, but we do 

have the licorice and the licorice derivatives, plus the know-how, to 

help you find them. 

Some New or Potential Uses for Licorice 
And Licorice Derivatives 

Flavor for ice cream· Antioxidant to keep chew

ing gum fresh • Prolonging foam in porter and 

ale · Soft drink flavor · Aging and mellowing 

smoking pipes · Improving meat and fish sauces 

Therapeutic agent in treatment of Addison's 

disease • Component in feeds for horses, cattle 

and chickens • Soothing ingredient in coug� 

syrups · Stabilizing acid latex • Flotation agent 

in ore separation 

Write today for your tree 
copies of "The Story of 
Licorice" and "Licorice: 
Dark Mystery of Indus
try." They'll be mailed 
promptly. You're sure to 
find them interesting, and 
you might find them prof· 
itable as well. 

� MACANDREWS & FORBES COMPANY � Licorice and Licorice Products . Since 1870 
200 Fifth Avenue, New York 10, N.Y. Plant: Call1den, New Jersey 
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NEW BLOOD 

IN THE PULSE RACKET 

It is gratifying to note that within a 

month of our attack on relays for the 

pulse market, a favorite competitor has 

done the impossible and brought out an 

impulse relay. It is improbable that our 

implications impeIled him to such an 

important step, but the impression, 

though implausible, adds impetus to 

our plans. 

The purpose of a pulse (or impulse) 

relay is either to make round pulses 

square, or, to make little square pulses 

big. Relays are not usuaIly used to 

make narrow pulses wide or wide pulses 

narrow, although some do, willy nilly. 

� c[� 
willy nilly 

Relays like our Type 7, which eat a 

couple of milliseconds off a pulse and 

then bite out a nick in the form of a 

half- millisecond bounce, 

are no better than rumor - mongers as 

repeaters of information. That new 

impulse relay certainly beats it all 

hollow because it operates twenty times 

as fast, and doesn't bounce. 

If OIJr new relay could do that, as well 

as what it already does, we wouldn't 

have to advertise for long. To be 

specific, it is SPOT, and it will operate 

in about .0006 seconds, transfer taking 

as little as .00025 seconds off your pulse. 

It never bounces, of course, and will 

handle substantial contact loads such 

as a teleprinter for .over 100,000,000 
operations. It looks like this: 

Both these wonderful relays are pretty 

hard to get. You can have olle of ours 

right away, if you convince us that you 

need something a lot better than our 
.. 7" (if not, that's what you'll get). 

Furthermore, you'I1 have to answer a lot 

of questions about your gadget and its 

purpose (how else can we learn about 

.. new frontiers"?). FinaIly, you'I1 have 

to settle for commercial quality and 

finish; no leak proof, salt proof, fire 

proof, fungus proof; so far all we've 

tried is to make it goof proof. 

F EATUR E S  OF THE NEW PULSE RELAYS 

SIGMA COMPETITOR 

Operating choroCierislics Two coil Single coli 
polarized neutral 

Contoct Arrangement SPDT SPST 

Contact load and life roling 108 @ 60 ma S x 109 @ 
(contacts .075 ma 
easily 
replacedl 

Conlact separation ,004" .OOOS" 

Max. Aperiodic pulse role 400 cps 1000 cps 

Max. Following pulse rate 1200 cps 2S00 cps 

Signal for good operation +20. -20. 40,0,40 ma 
+20 ma 

Coil resistance 150Aeoch 13S.fl... 

Height and diameter abo .... e 2 1/2 /1 x 1 21/321{ x 
octal plug I 9132" I IS/16" 

SIGMA INSTRUMENTS, INC. 
104 Pearl Street, So. Braintree, Boston 85, Mass. 
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specifications. On this job, the engineers 
say, they are barely started. There are 
also other flaws. Transistors are still 
cranky things, each with its own char
acteristics. They are expensive to make 
(present cost $7.50 to $20 apiece), un
stable and sensitive to moisture, tem
perature and aging. 

Engineering improvements, however, 
are coming fast. Among recently an
nounced developments are: 

A hermetically sealed transistor made 
by the General Electric Company which 
"has licked the high-temperature and 
humidity roadblocks," according to the 
Company. 

A new method of making germanium 
wafers for transistors which will cut pro
duction costs. Also announced by G.E., 
the method is said to get as many as 
100 slices out of a six-inch germanium 
ingot instead of the present one or two. 

The "distinct possibility" of using 
aluminum instead of germanium was an
nounced by the Battelle Memorial Insti
tute. Aluminum would be cheaper and 
might be better for high-temperature 
operation. 

Gamma Globulin for Polio 

ABOUT 1,300,000 doses of gamma 
I\, globulin will be available this sum
mer for prevention of poliomyelitis, ac
cording to the most recent estimates of 
The National Foundation for Infantile 
Paralvsis. Since this falls far short of 
enough to protect the 46 million chil
dren and adolescents whom doctors 
would like to protect, the entire gamma 
globulin supply has been placed under 
the control of the Office of Defense 
Mobilization for allocation. The ODM 
has announced that it plans to distribute 
57 per cent of the stock to state health 
officers in proportions based on past 
and current polio incidence, to hold 33 
per cent for mass prophylaxis in severe 
epidemic areas and to reserve 10 per 
cent for "unusual or speCial situations" 
and "speCial investigations." 

Each state officer is to be responsible 
for distributing his allotment to indi
vidual physicians and for deciding on 
the way it is to be used. The ODM rec
ommends that the 57 per cent be given 
to all persons under the age of 30, and 
to all pregnant women, in whose house
holds there has been a proved case of 
polio and who have not yet developed 
symptoms of the disease themselves. In 
areas of heavy incidence the injections 
might be extended to non-household 
contacts and perhaps to contacts of sus
pected cases. 

The National Foundation objected to 
this allocation, observing that many 
contacts of cases of poliomyelitis will 
become paralyzed even though they re
ceive gamma globulin. It recommended 
that the major portion of the stock be 
used for mass immunization and that a 
small part be reserved for research on 
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Six facts 

scientist 

out the new 

Digital 

neral·Purpose Computer 

1. LOW INITIAL COST-The CRC 102-A is one of the lowest 
priced, large scale, digital electronic computers now avail
able commercially. It may be purchased, rented, or leased 
with an option to buy. Performance guarantees are given as 
part of every lease contract. 

2. FAST AVAILABIL ITY -Applying production-line tech
niques to the construction of the CRC l02-A has resulted 
in the shortest delivery time of any fully electronic, digital, 
general-purpose computer. Production schedules call for 
completion of one CRC 102-A every eight working days. 

3. WIDE CHOICE OF INPUT·OUTPUT DEVICES-Data in either 
octal or decimal form may be entered into the CRC 102-A 
manually from a typewriter, automatically or semi-auto
matically from punched paper tape, and automatically 
from IBM cards or from computer-controlled magnetic
tape units. 

The computer will print output data automatically on its 
typewriter in octal, decimal, or alphabetic form, perforate 
paper tape in octal or decimal form for reproducing hard 
copy or for re-entering data into the computer at some later 
time, punch octal or decimal data on IBM cards for use 
with punched card equipment, or record data on magnetic 
ta pe for later use. 

4. HIGH RELIABILITY -The unique circuit design and rela
tively small number of vacuum tubes and other critical 
components in the CRC l02-A result in less down time 
due to machine failure. Complete plug-in circuitry and 
easily adjusted mechanical components speed up preven
tive maintenance checks. Each machine undergoes exten
sive shakedown tests and is operated under actual customer 
conditions in CRC's Computing Center before delivery to 
further assure high reliability. 

5. EASY PROGRAMMING-Addition of "programmer's" com
mands, a test switch for program debugging, faster speeds, 
greater flexibility, and the wide selection of input-output 
equipment has greatly simplified programming procedures 
and increased the computer's capabilities. 

6. ADDITIONAL SERVICES ARE NOW AVAILABLE-Program
ming sub-routines, application studies, and training courses 
on computer operation, are now available from CRC's 
Applications Division. 

Facilities of the new Computing Center enable potential 
computer users to evaluate the CRC l02-A for their specific 
applications. 

Trained service personnel are now available in most 
areas to assure proper maintenance of all CRC computers. 

C o 

For complete, detailed information 
on the new CRC l02-A write to the 

Director of Applications. 

TYPICAL 
APPLICATIONS 

• Correlation and Stati�tical Anal, 
ysis • Differential Equation Solutions • Orbit 

Computations '. Psychological Sur.vey Studies • 

Molecular Structure Problems • Crystalline Struc
ture Problems • Simulation Problems • Electrical 
Network Problems • Matrix Multiplication and 

Inversion • Oil Reservoir PrOblems. 

Information is also available on the CRC 105 
Decimal Digital Differential Analyzer and 

the CRC 107 Data Pmcessing Computer. 

R P o R A T o N 

3348 WEST EL SEGUNDO BLVD., HAWTHORNE, CALIFORNIA 
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Diaphragms by Bendix-Friez 
ARE PRODUCTS OF EXCLUSIVE 

DIAPHRAGM DEVELOPMENT WORK 

Fifteen years ago we began original 
research in making diaphragms for 
radiosondes. Since then we've made 
hundreds of thousands of these units. 
And over the years we have acquired 
and developed equipment and a mod
ern laboratory devoted exclusively to 
diaphragm developmen t. 

In Our Engineering Laboratory 

In our engineering laboratory, we 
have electronic micrometers for 
measuring motion. We have a Tukon 
tester for hardness ... mass spectro
meter leak detector . . . a vacuum 
furnace for heat treatment ... hot 
and cold pressure chambers and auto
matic barometers . We use a primary 

standard barometer as a reference 
for all pressure measurements. 

Special Diaphragms 

We are prepared to develop special 
diaphragms to meet your require
ments ... using Ni-Span C, beryllium 
copper or other materials. 

We are currently in production on 
two types of diaphragms. One having 
motion linear with respect to altitude. 
And the second, linear with respect 
to pressure. 

All our facilities and sources of supply 
are at your disposal. For further in
formation, write to L. E. Wood, 
Chief Engineer, at the address below. 

FRIEZ INSTRUMENT Division of .j� 
1422 Taylor Ave., Baltimore 4, Md. 
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EXPORT SALES: Bendix International Division 

72 Fifth Avenue; New York 11, New York 

, its effectiveness when given to contacts. 
The ODM plan, however, is in line 

with the suggestions of William McD. 
Hammon, who directed the gamma 
globulin studies, and his associates in 
their final report on the field tests. "With 
gamma globulin in such limited supply," 
they wrote in The Journal of the Ameri
can Medical Association, "mass prophy
laxis cannot be recommended under 
conditions less severe than those en
countered in the Utah and Iowa-Nebras
ka tests, where the total annual morbid
ity rates were from 160 to 427 per 
100,000 for all ages. Such rates, it 
should be recalled, almost never occur 
in large cities." A city such as Houston, 
Tex., they said, would require almost 
the entire national supply of globulin. 
Last year 16,000 injections of gamma 
globulin there appear to have prevented 
only eight cases. They added that in
oculations of families of diagnosed cases 
"should prevent more disease and dis
ability" than mass injections "in most 
epidemic areas." 

Hammon and his collaborators con
cluded from the survey of last year's 
results that gamma globulin is an im
practicable means of polio prevention, 
because of its cost (prevention of eight 
cases in Houston cost $224,000 ) ,  and 
the short duration and incompleteness 
of protection. Immunity is high for five 
weeks, drops off during the next two, 
and disappears after eight weeks. 

Hammon feels that the most valuable 
result of the field trials has been in dem
onstrating the full possibility of immu
nization with vaccines. Before the tests 
scientists did not believe that an anti
body level as low as that produced by 
the gamma globulin injections would 
protect man from the disease. The fact, 
now proved, that such low levels do 
give protection means that vaccines can 
be made with less virus than had been 
thought necessary, thus making them 
safer and easier to produce in quantity. 

Joseph Stokes, Jr., of the Philadelphia 
Children's Hospital, has suggested a 
procedure which might greatly increase 
the supply of gamma globulin. He pro
posed that only the gamma globulin 
fraction of blood be taken from donors. 
With a new machine developed at the 
Harvard Medical School, whole blood 
could be withdrawn, the gamma globu
lin separated, and the corpuscles and 
remaining plasma fractions reinjected 
into the donor, Stokes said. Only seven 
per cent of the protein in the withdrawn 
blood would be permanently removed 
in this procedure. A donor therefore 
could make more frequent donations. 
Furthermore, it might be possible to 
make the donated gamma globulin very 
rich in antibodies by inoculating the 
donor with polio vaccine, as soon as even 
small quantities of it are available. If 
the method proves feasible, a compara
tively small number of donors could 
supply as much gamma globulin as is 
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It's P!!L to produce ami maintain l!.igJtV¢ in big systems 

We do it every day-design and manufacture vacuum 
furnaces, dehydration systems, vacuum stills, pumping 
systems for particle accelerators, and other large high 
vacuum units. 

The high vacuum metallurgical furnace illustrated above 
is typical of the large units CVC is designing and manu
facturing. 

CVC's ever expanding line of standard high vacuum 
pumps, valves, gauges, and accessories offers unlimited 

possibilities for assembling efficient, high capacity gas 
handling systems. Our highly skilled designing and manu
facturing facilities stand ready to engineer and build com
pletely integrated high vacuum systems. 

So, if a large high vacuum system can help you improve 
a product or process it will pay you to talk to us
Consolidated Vacuum Corporation, Rochester 3, N. Y. 
(A subsidiary of Consolidated Engineering Corporation, 
Pasadena, Calif.) 

formerly 

Consolidated Vacuum Corporation 
Rochester 3, N. Y. 

�Pj 
Vacuum Equipment Dept. 

clesigners ancl manufacturers of high vacuum equipment 
SALES OFFICES: MENLO PARK. CALIF • • CHICAGO. Ill • • CAMDEN. N. J • •  NEW YORK. N. Y. 
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A compact, ' ruggedly 
built  u nit  i ncorporati n g  
four-stages i n  o n e  small 
p a c k a g e ;  p r e - w i r e d ,  
tested a n d  ready to insert 
i nto a computer s ystem. 
Unique feature s i nclude : 
s i ngle magnetic core and 
s i n gl e  diode for each 
binary digit of i nforma
t i o n ,  i ncre ased circuit 
stabil i ty, 1 0  to 1 " o ne
zero " ratio, and multi
ple- stage connections. 

NEW METALLOGRAPH 90% SMALLER 
Does fu ll sca le  work ; costs no more than meta l lurgi cal m icroscope 
Meet the new Galileo CSF Metallurgi

cal Microscope and Metallograph . . . 
functionally designed to handle every 
phase of routine metallographic work in 
90% less space than similar instruments 
capable of the same assignment. By util
izing the Le Chatelier, or inverted, type 
microscope, Galileo designers reduced 

Imported and serviced by 
()PPLEM COMPANY, INC. 

Establ!shed 1890 

352 Fourth Ave., New York 10, N. Y. 
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CSF operations to an area of 13" x 8" 
x 8" .  An inclined eyepiece tube provides 
brilliant visual observation to 1000X, 
and a 2 ¥.. " x 3 ¥.. " reflex camera takes 
both plates and roll film, with magnifi
cations to 1500X. The CSF may also be 
used for group observations, simply by 
projecting the light beam through the 

camera housing onto a 
screen. Best of all, the 
CSF costs no more than a 
conventional metallurgical 
microscope. 

Two dry objectives for 
low and medium magnifi
cations ; o i l  immersion 
obj ective for high mag
n i fi c ati ons ; o b j e ctives 
m e e t  standard ASTM 
magnifications from 50X 
t o  1500X. Micrometric 
movement for fine focus 
graduated to 2 microns. 
S e v e n  interchange able 
photographic eyepieces. 

For details on the CSF 
and other Galileo instru
ments of outstanding mod
ern design, write to the 
address below-Dept. SA. 

now obtained from a nation-wide blood 
program. 

Flowmeter 

A NEW instrument which can meas-
ure the rate of liquid Bow in closed 

tubes, the speed of a boat moving 
through the water, minute air currents 
in a still room or the blast of a wind tun
nel has been developed by the National 
Bureau of Standards. Unlike previous 
devices for measuring Bow rates, this 
meter places no mechanical device in 
the stream and so does not interfere with 
the quantity it is measuring. It operates 
by sending sound waves through the 
fluid. 

The iitstrument consists of a sound 
transmitter and receiver, placed a short 
distance apart along the line of the cur
rent to be measured. The speed of the 
current is computed by finding the dif
ference between the actual speed of the 
sound transmission from the transmitter 
to the receiver and what the speed 
would be if the Buid were stationary. 
The speed is recorded as a phase differ
ence between the sound waves at the 
receiver and at the transmitter. 

Some of the applications suggested 
for the flowmeter include measurements 
of blood flow in veins and arteries, river
water flow and air currents in air condi
tioning systems. 

Gone Goose 

A CRIPPLED Canada goose last 
month made its northern migration 

via commercial airline. It will spend the 
summer in an Ontario bird sanctuary, 
wearing a 14-karat gold-plated leg band 
with which the Canadian Consul Gen
eral in New York personally adorned it. 
The Bight marked the end of several 
weeks of notoriety for the goose and of a 
near-crisis in relations between Canada 
and the State of Connecticut. 

Early this spring the goose attempted 
to take off for the north from Long Is
land Sound. Amos L. Horst, executive 
secretary of the Wild Life Restoration 
Foundation, happened to be present, 
and he swears that when the crippled 
bird failed to rise, two healthy geese 
lined up on either side of it and tried to 
help it into the air. The story, though 
greeted in some quarters with skepti
cism, aroused Canadian goose fanciers 
to arrange transportation for the bird. 
The Connecticut State Board of Fish
eries and Game made a gallant but vain 
attempt to keep the bird, contending 
that it was one of a group which sum
mers not in Canada but at Bantam Lake 
in Connecticut. But the Board was finally 
overruled by the intervention of the 
Canadian Consul General and the Gov
ernor of Connecticut. The goose was 
helped ( or shanghaied? ) to Canada by 
Trans-Canada Airlines. 
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M E E T M R. X- R AY • • •  S T E E L  M I L L D E T E C T I V E  

Under that white-hot strip of steel is an X-ray 
tube. Close above the steel is a specially-designed 
electronic measuring device. 

As the steel strip speeds by at half a mile a 
minute, a ray beamed up through the steel is 
automatically measured. The results on a dial 
before the eyes of the "roller" give him a con
tinuously accurate check on the thickness of the 
flat-rolled steel down to thousandths of an inch. 

Thus, Republic employs modern science to make 
possible better thickness control of steel sheets 
and strip.  X-ray gaging helps to e l i m i n a te 
variances that m ig h t  upset your fabricating 
processes and result in lost time and material. 

Such innovations in quality control are Republic's 

continuing policy to protect its customers from 
waste. They are examples of Republic's 3 -FOLD 
SERVICE FOR STEEL USERS : 
1 .  to produce thousands o f  steels and steel 

products of the highest quality. 

2. to make recommendations from these steels 
only after a thorough study of your needs 
- more like a prescription than a sale. 

3. to help )'OU apply youI' methods to steel to 
produce what you need in the most efficient 
and economical manner. 

That's Republic Steel. That's why many users of 
steels and steel products like to do business with 
Republic. That's how )'OUI' organization might 
benefit from Republic's products and services. 

R E P U B L I C  S T E E L  
G E N E R A L  O F F I C E S • • •  C L E V E L A N D  1 ,  O H I O  

»" � .. l'r" W 0 R L b:S W I \)  E $  T R  A N G E . O F  5 T E E  
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A LARGER AND OLDER 

UNIVERSE 
The principal discovery made with the 200-inch telescope 

so far is that the yardstick by \vhich \ve Ineasure distance 

outside the �Iilky "\Vay is t\vice as long as \ve had thought 

I
T IS NO';Y a quarter of a century 

since George Ellery Hale wrote his 
memorable request of February 14, 

1928, to Wickliffe Rose-the letter which 
resulted in the Rockefeller International 
Education Board's grant of $6 million 
for the construction of a 200-inch tele
scope and led to the establishment of 
Palomar Observatory. Never before had 
anyone seriously proposed investing so 
huge a sum in an instrument of scientific 
research. Hale argued a strong case for 
the unprecedented gift. He focused his 
argument on three unsolved problems of 
nature: the evolution of stars, the struc
ture of the universe and the constitution 
of matter. 

The great telescope, with its l��ht
gathering power of a million human 
eyes, was finally completed and dedi
cated to Hale in 1948-10 years after 
his death. The instrument has now been 
in operation for four years, and with its 
aid thousands of photographs have been 
taken of distant stars and of even more 
distant nebulae. While it has turned up 
many bits of new evidence bearing on the 
three problems which occupied the pri
mary place in Hale's thinking, the tele
scope's major contribution so far has 
been not new astronomical discovery but 
a correction in a most basic concept: the 
yardstick for measuring the vast dis
tances of the universe. The Hale tele
scope has shown that the yardstick 
which had been accepted and used by 
astronomers for more than 30 years is 
twice as long as was thought. It is as 
though the oceanographers had sud
denly discovered that the fathom, in
stead of being six feet long, is really 12; 
the effect would be to double all meas
urements of ocean depths. 

Since this astronomical yardstick, the 
cepheid variable star, is the principal 
measure for plumbing the depths of 
space outside the Milky Way, it follows 
that all the outside distances which as
tronomers had previously determined 
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by George \Y. Gray 

must be multiplied by a factor of two, 
if indeed the yardstick was wrong by 
that factor. For example, the Androm
eda Nebula, the nearest of the great out
side spiral systems of stars, is at least 
two million light-years from us, instead 
of one million. So says the evidence of 
the Hale telescope. Moreover, it adds, 
the Andromeda spiral is twice as large 
as the pre-Palomar estimates had led 
us to believe and appears to be larger 
than our own galaxy, the Milky Way. 

Over the years more and more remote 
clusters of spirals had been discovered: 
one in the constellation Virgo at six mil
lion light-years, one in Pegasus at 23 
million, another in the Big Dipper at 85 
million, and a still more remote cluster 
in Gemini the Twins at 135 million. Now 
if we apply the new yardstick, their dis
tances, too, must be doubled. 

Two Billion Light-Years 

Thus the immediate effect of the Palo
mar findings is to enlarge the realm of 
outer space that we already knew. It is 
a vaster universe, not because we have 
discovered more distant objects, but be
cause the already known and charted 
galaxies and clusters of galaxies are more 
remote and more widely dispersed than 
we had supposed. 

Another consequence of correcting 
the yardstick is to increase our respect 
for the optical instruments that we al
ready have. A pair of sharp eyes can see 
the faint haze of the Andromeda Nebula 
without the aid of lens or mirror-which 
means that the naked eye can look 
through two million light-years of space. 
In Hale's day the 100-inch reflector on 
Mount Wilson, then the largest tele
scope in the world, was estimated to 
have a range of 500 million light-years, 
and the new 200-inch was supposed to 
be able to photograph objects 1,000 
million light-years distant. But now the 
reach of an telescopes is doubled. With 

the Hale telescope the Palomar observ
ers have already photographed objects 
which they estimate to be more than 
1,600 million light-years away. And they 
expect to reach 2,000 million as the aux
iliaries to the telescope are improved
such devices as correcting lenses, photo
electric eyes and the like. 

Yet optical and electrical accessories 
can only collect the light of luminous 
bodies and record the behavior of their 
rays under the conditions which the as
tronomer has set up. It takes the mind 
of man to interpret the meaning of this 
behavior. Fundamental to his interpre
tations are the yardsticks, or distance
indicators, by which the remoteness of 
a source of light is evaluated. No matter 
how right the theory, how perfect the 
seeing or how powerful the telescope, if 
the distance-indicators are incorrectly 
calibrated, the interpretation will be 
wrong. 

This first big contribution made by 
the new instrument was publicly an
nounced by Walter Baade, of the Mount 
Wilson and Palomar staffs, at the meet
ing of the International Astronomical 
Union in Rome last September. It created 
something of a sensation among the 
group, which was made up of leading 
astronomers of all nations. And indeed 
its importance cannot be overestimated. 
"These new determinations will, without 
much question, be the most important 
result to come from the Hale telescope 
in the first few years of its operation," 
said Ira S. Bowen, director of the Mount 
Wilson and Palomar Observatories. "In 
fact," he added, "the recalibration of 
cepheid variable stars is fundamental to 
all research on that second problem in 
Hale's list-the structure of the uni
verse." 

Cepheids 

Opposite the Great Dipper, on the 
other side of the North Star Polaris, is 
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GREAT NEBULA IN ANDROMEDA is photographed 
by the 48-inch schmidt telescope on Palomar Mountain. 
Above and below the spiral are its two satellite systems. 

Studies of the Andromeda Nebula with the 200-inch 
telescope indicate that it is at least two million light 
years away instead of one million, as formerly thought. 
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BACKGROUND OF 5T AR5 

------- X STAR 

EAR T H 

TRIANGULATION is used to meas
ure the distance of nearby stars. As 
the earth moves from one side of its 
orbit to the other, a distance of 186 
million miles, the apparent position 
of the star changes with respect to 
the background of stars much farther 
away. Here the change in the appar
ent position is greatly exaggerated. 
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Cepheus the King. This constellation is 
faint and inconspicuous, and the early 
stargazers would probably have given 
little attention to Cepheus had it not 
been for the peculiar behavior of one of 
its members. This star, which is marked 
on the sky chart as Delta Cephei, al
ternately brightens and dims with re
markable regularity. It takes five days 
and eight hours to pass from its brightest 
phase down to its faintest and then back 
to its brightest. The change, more than a 
stellar magnitude, is noticeable to the 
naked eye. When telescopes were turned 
on Delta Cephei, they disclosed the ob
ject to be actually two stars-a large 
yellow one and a smaller companion 
which showed a blue tinge. 

There are numerous double stars, 
known as eclipsing binaries, which al
ternately wax and wane in brilliance. 
To the eye they appear as single stars, 
but through the spectroscope they reveal 
themselves as a pair. Their changes in 
luminosity are due', as the instrument 
shows, to one star passing in front of its 
close companion a� they revolve around 
their common center of gravity. It was 
at first thought that some such eclipsing 
mechanism was responsible for the var
iability of Delta Cephei. But observa
tion after observation failed to detect 
any evidence for this. Neither of its com
ponents was ever found to pass in front 
of the other, and astronomers were 
forced to recognize that the brightening 
and dimming of Delta Cephei was some
thing inherent in the giant yellow star 
which the telescope showed to be its 
major component. It was apparently a 
pulsating star, which increased in bril
liance as its surface area enlarged, and 
then sank to fainter luminosity as it col
lapsed to smaller size. 

:\1eanwhile astronomers had found 
other non-eclipsing stars which behaved. 
in the same fashion as Delta Cephei, 
some with longer periods of variation 
and some with shorter. For example, the 
North Star Polaris, was shown to be pul
sating with a variation of 3.97 days. Its 
change in luminosity was only one tenth 
of a magnitude from maximum to mini
mum-hardly enough to be recognized 
by the casual sky-gazer. And so with 
many other stars, some visible to the 
naked eye, others so faint that they could 
be seen only with a telescope. In the 
constellation Gemini a pulsating star 
with a period of 10 days was recorded. 
In Cygnus the Swan another with a 

little over 16 days for its period was 
found. In Carina the Keel, a constella
tion of the Southern Hemisphere, a red 
star pulsated with the long period of 35 
days and 12 hours. 

Hundreds and eventually thousands 
of such stars were catalogued, each with 
its characteristic change in luminosity. 
Since they appeared to be of the same 
general type as Delta Cephei, they were 
named "cepheids." They were found in 

all parts of the Milky Way-many blue, 
others yellow, some orange, still others 
red. In the 1890s Solon 1. Bailey, of the 
Harvard College Observatory, discov
ered numerous short-period cepheids in 
the globular clusters of the �Iilky Way. 
These clusters are huge swarms, some 
containing hundreds of thousands of 
stars of many types, but it was the fre
quent occurrence of short-period ce
pheids that caught Bailey's attention. 
What impressed him was the fact that 
each had a period of less than a day. He 
called them "cluster-type variables," and 
the name was adopted by others who 
prospected other globular clusters and 
found again and again these cepheids 
with periods ranging from six to 18 hours. 

The Magellanic Clue 

A decade after Bailey had reported 
the cluster-type variables, Henrietta S. 
Leavitt, an assistant at the Harvard Col
lege Observatory, began a study of the 
Magellanic Clouds. The two Magellanic 
Clouds are galaxies outside the Milky 
Way, and are visible only in the Southern 
Hemisphere. They are so named because 
the explorer Magellan sighted them on 
his famous voyage around the globe. 
Harvard's southern station, which was 
then in Peru, had started an extensive 
photographic survey of the Large and 
Small Magellanic Clouds, making night
ly exposures with a telescopic camera. A 
collection of these photographs reached 
Cambridge in 1905, and they were 
turned over to Miss Leavitt for examina
tion. She soon spotted numerous variable 
stars, which later were recognized as 
cepheids. She concentrated her inquiry 
on 25 in the Small Cloud and made de
tailed measurements of their apparent 
brightness and variability. They showed 
a wide range of periods, some taking 
four days to pass through their cycle, 
others 10, still others 17, and a few up 
to 127 days. 

As she examined the images of these 
Magellanic stars, Miss Leavitt noticed a 
systematic relationship among them. All 
were faint. Not one could be detected 
without the aid of a long photographic 
exposure through the telescope, but 
some appeared brighter than others and 
there was a curious orderliness in their 
degrees of luminescence. In every in
stance, the longer the period of the star, 
the brighter it was. Thus stars with 10-
day periods were about four times 
brighter than those with four days, and 
17 -day stars were twice as bright as the 
10-day ones. 

The cepheids strewn about in the 
Milky Way are at varying distances from 
us. But here in this little galaxy of the 
Small Magellanic Cloud, a separate is
land universe distinct from our system, 
presumably all the stars in the Cloud 
were roughly the same distance away. 
And since at that uniform distance the 
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cepheids of longer period appeared 
brighter than those of shorter period, 
was it not reasonable to conclude that 
they were actually brighter? 

At the time of Miss Leavitt's study the 
measurement of astronomical distances 
was a very fragmentary science. For 
nearby stars fairly good determinations 
had been made by triangulation. That is, 
the position of an object in the sky was 
measured precisely at two times six 
months apart, when the Earth was on 
opposite sides of its orbit. From the 
angle thus projected the distance could 
be calculated. This trigonometric meth
od gave dependable results out to about 
100 light-years. But for objects beyond 
that the angle of displacement was too 
slight for measurement, and astronomers 
had resorted to various stratagems. 

One scheme used the motions of the 
stars. The motion of every star can be 
separated into two components-one 
across the sky, called the proper motion, 
the other a motion of approach or reces
sion, known as the radial velocity. The 
spectroscope measures the radial veloc
ity very accurately, and it is possible to 
translate its reading directly into miles 
per second. The proper motion, on the 
other hand, is extremely slight, even 
over an interval of many years. But by 
prolonged photographic observation the 
proper motions of numerous stars had 
been recorded, and the evidence indi
cated that the slower the motion, the 
more distant was the star. By combining 
the radial velocity with the proper mo
tion, and submitting the results to statis
tical analysis, astronomers were able to 
determine the distances of stars out to 
abopt 3,000 light-years. 

Light dims with distance according to 
a fixed ratio. Therefore, if you know the 
actual distance of a star, you can, by 
applying the ratio to its apparent bright
ness, calculate its real brightness. Or if 
you are ignorant of the distance, but can 
arrive at a value for its real brightness, 
you can calculate how far away the star 
is. These various efforts to estimate stel
lar distances by motion studies, and to 
estimate stellar magnitudes from signals 
of the stellar temperature, were expres
sions of the search for beacon stars to use 
as standard candles. But for the most 
part the estimates were built on infer
ences, and astronomers yearned for a di
rect yardstick that would reach clear 
across the Milky Way and enable them 
to measure the dimensions and distances 
of the most remote objects that tele
scopes could photograph. 

At the turn of the century the most 
generally accepted estimate of the di
ameter of the Milky Way was 7,000 
light-years. In 1915 Sir Arthur Edding
ton raised the guess to 15,000 light
years. These dimensions seemed vast 
then. To recall them now, when the 
Milky Way is reckoned in diameters of 
75,000 to 100,000 light-years, is to give 
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a measure of how far astronomers have 
come in their thinking. 

Miss Leavitt plotted her observations 
of the 25 Magellanic cepheids in a curve, 
and this provided the groundwork for a 
period-luminosity relationship. By means 
of this relationship an astronomer could 
tell how much brighter one Magellanic 
cepheid was than another. He could not 
say how much brighter it was than the 
Sun-for there was then no measure of 
the distance of the Magellanic Clouds. 
But the clue did offer an enticing possi
bility. It suggested that if the distance 
of one cepheid were determined, an 
astronomer by applying the relationship 
could calibrate the absolute brightness 
of all cepheids, wherever found. Then, 
whenever one of these blinking stars was 
spotted in a cluster or galaxy, its absolute 
brightness should indicate how far away 
the cluster or galaxy was. Thus the ce
pheids might be employed as standard 
candles, or optical yardsticks, with 
which to measure vast distances. 

Shapley's Measurements 

The first to use this opportunity was 
Harlow Shapley, then a young astron
omer on the staff of Mount Wilson Ob
servatory. He had set himself the task of 
measuring the dimensions of the Milky 
Way. It occurred to him that the surest 
way to measure the length and breadth 
of our galaxy would be to determine the 
distances of the globular clusters which 
surround it. It would be like surveying a 
city by measuring the distances out to its 
adjoining suburbs. The clusters showed 
no appreciable proper motions, so noth
ing could be gained by motion studies of 
them. But Shapley seized on the ce
pheids as a possible means of spanning 
the distances to the globular clusters. 

The first requirement, of course, was 
knowledge of the real brightness of a 
few cepheids-for Miss Leavitt's curve 
was based entirely on apparent bright
ness. Through motion studies within our 
neighborhood of the Milky Way, Shap
ley obtained values for the distances of 
11 nearby cepheids. They ranged in 
period from 1.9 days to 10.2 days, and 
by striking an average he derived a 
mean value of 5.96 days. Then, having 
the distance and apparent magnitude, he 
calculated that a cepheid of 5.96 days 
shone with the absolute magnitude of 
-2.3. This means it had 690 times the 
brightness of the Sun. From this fixed 
point Shapley proceeded to recalibrate 
Miss Leavitt's apparent magnitl;de curve 
in terms of absolute magnitude, and thus 
to work out the period-luminosity rela
tionship for cepheids. His curve ranged 
from cepheids with periods of half a day 
(cluster-type variables) up to those with 
periods of more than 100 days. The 
period-luminosity relationship indicated 
that all cepheids were giant stars-some 
of them thousands of times as bright as 
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the Sun. Even the short-period cluster
type variables were each the equal of a 
hundred Suns. 

In this way Shapley obtained not just 
one standard candle but a whole series 
ranging over a wide scale of luminosities. 
With cepheids in the globular clusters 
he measured the distances of these en
circling star groups. This was accom
plished in 1917. Some years later, after 
he had transferred to Harvard as direc
tor of its Observatory, Shapley used ce
pheids of longer periods to measure the 
distances of the Magellanic Clouds. As
tronomers hailed these demonstrations 
of the usefulness of the blinking giants. 
At last, it seemed, there was a depend
able device for bridging the abyss of 
intergalactic space. 

Hubble's Measurements 

Still farther out in space, beyond the 
Magellanic Clouds, whirls the Androm
eda Nebula. Nobody knew how far it 
was. Telescopes which readily resolved 
the Clouds into stars were unable to re
solve the great Andromeda spiral. In the 
early 1920s Edwin Hubble decided to 
explore this luminous whorl with the 
new 100-inch telescope on Mount Wil
son. In the spiral arms he found hun
dreds of pin points of light which be
trayed themselves as stars-and among 
them were 12 cepheids. 

Cepheids in Andromeda! Here were 
yardsticks to measure its distance. The 
Andromedan cepheids were of various 
periods, ranging from 17 days to 50, and 
by applying the period-luminosity curve 
to them, Hubble estimated that the 
Nebula was close to a million light-years 
away. 

Like the Milky Way, the Andromeda 
Nebula has an encircling halo of globular 
clusters. Hubble next turned the 100-
inch telescope on them. He was not able 
to resolve any of these clusters into in
dividual stars, and so never spotted any 
cepheids, but he noticed one puzzling 
fact about them. The globular clusters of 
Andromeda appeared to be from one to 
one and a half magnitudes fainter in ab
solute luminosity than those of the Milky 
Way. 

This discrepancy was the first intima
tion that the distance-indicators might 
be at fault. "Among ourselves we dis
cussed possible interpretations of the 
disparity at the time," Hubble recalled 
recently. "The lack of correspondence 
between our galaxy and the Androm
eda could mean that the cepheids were 
brighter than we had supposed when we 
used Shapley's calibration for the ce
pheids. Or it could mean that the globu
lar clusters were fainter than we had 
thought. At that time we were inclined 
to suspect that the trouble would be lo
cated in the clusters. There was then no 
200-inch telescope, but we agreed that 
here was a problem which was waiting 

for attack as soon as such an instrulllent 
was built." 

Baade's Discovery 

Even before the completion of the 
200-inch, Walter Baade made a major 
discovery which was to have a direct 
bearing on the problem. Baade, a Ger
man-born astronomer who had first 
visited Mount Wilson in the 1920s on a 
Rockefeller fellowship and later had 
been called to join the observatory staff, 
began his history-making study of the 
Andromeda Nebula in the winter of 
1941-1942. Photographing the great 
spiral with the 100-inch telescope, he 
found that all its stars were separable 
into two types or stellar populations. 

"Good luck contributed to the success 
of my undertaking," explains Baade. 
"The first fortunate circumstance was 
the blackout of city lights which our en
trance into the war imposed on Pasadena 
and Los Angeles, for this sky glow often 
has interfered seriously with the photog
raphy of faint objects from Mount Wil
son. The second circumstance was the 
acquisition of a new type of photo
graphic plate which was extra sensitive 
to red light. 

"I was not looking for the two popula
tions. I was looking for individual stars in 
the central disk of the Andromeda Ne
bula. It was only in the spiral arms that 
Hubble had found stars. When he tried 
to resolve the central area, which ap
peared in all photographs as a solid, 
luminous mass, he could get no separate 
pin points of light such as had rewarded 
him in the spiral arms. My purpose was 
simply to see whether, under the 'im
proved photographic conditions, the 
central disk might be resolved. 

"At first I wasted time with blue
sensitive plates. Hubble had found blue 
supergiants in the spiral arms, and it was 
natural to expect that the brightest stars 
in the central area, too, were blue. But I 
couldn't find any, and it was only after 
all the schemes for spotting blue stars 
had been exhausted that I turned to the 
red-sensitive plates to see if, perchance, 
the brightest stars were red. On the new 
photographs hundreds of tiny star 
images showed where none had been 
distinguishable before. They were red 
giants. As I turned the telescope to other 
regions of the Nebula, moving from the 
center outward, the pattern of prominent 
stars changed from red giants between 
the spiral arms to blue supergiants in the 
arms. It looked as though the central 
area and the regions between the arms 
were populated by one kind of star, 
whereas another kind predominated in 
the arms themselves." 

Two smaller nebulae accompany the 
Andromeda, one close to the big spiral on 
one side, the other farther out on the op
posite side. Baade extended his survey 
to these midget systems, and found their 
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GLOBULAR CLUSTER Messier 3 is photographed by 
the 100·inch telescope on Mount Wilson. This cluster 

SAME CLUSTER is photographed 18 hours and 43 min· 
ntes later. The variation in the marked stars is slight 

contains more than 200 cepheid variables. Six, each cen
tered between a pail' of horizontal lines, are marked. 

but perceptible. The marked variable above the center 
of the cluster is the middle member of a group of three. 
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SMALL SECTION of an arm of the Andromeda Nebnla 
is photographed hy the 200-inch telescope. The two stars 

SAME SECTION of the Andromeda Nebula is photo
graphed later hy the 200-inch telescope. Both stars at the 
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located between the horizontal lines at upper left and 
lower right are variables. The star in the middle is a nova. 

upper left and lower right have increased in brightness. 
The nova has faded so that it is virtually invisihle. 
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stars to be of the same type as those he 
had photographed in the central disk of 
the Andromeda itself. Again the bright
est stars were reel. 

It was these Rndings that led to the 
classiRcation of all stars into Population 
I and Population II. Both populations 
include stars of all colors, but the most 
luminous members of Population II are 
red, while the most luminous of Popula
tion I are blue and are more than 100 
times brighter. There are differences in 
the composition of the two types, the 
Population I stars being richer in metals. 
Apparently, too, they are younger than 
those of Population II. 

Some stellar systems are made up en
tirely of Population II stars; examples 
are the two companions of the Androm
eda Nebula and the globular clusters. 
Large spirals, such as the Andromeda 
and presumably our lvlilky Way, em
body both types, with Population II 'Con
centrated toward the center and Popula
tion I in the spiral arms. Inasmuch as 
our Sun, with its family of planets, is in 
a spiral arm of the Milky Way, most of 
the stars in our immediate neighbor
hood, including the Sun and practically 
all the others that can be seen with the 
naked eye, are Population I. 

"When we came to appraise the ce
pheids," says Baade, "we found the same 
division into two clearly separate groups. 
There are striking differences between 
the cepheids of the Population I which 
we observe in the spiral arms of our 
galaxy, and the cepheids of the Popula
tion II which we Rnd in the globular 
clusters. Delta Cephei and Polaris, for 
example, are Population I stars, while 
the cluster-type variables with periods of 
less than a day are found only in Popula
tion II. The fact that the cepheids were 
of two distinct classiRcations immediate
ly raised a question. Could stars of such 
different types be properly calibrated on 
the same period-luminosity scale?" 

"What does the 200-inch telescope say 
on this question?" Baade was asked. 

"The present data indicate," he an
swered, "that throughout the range of 
cepheids, those of Population I are about 
one and a half magnitudes brighter than 
their counterparts in Population II. This 
means that they are four times brighter. 
The former calibration of the period
luminosity relation seems to apply cor
rectly to the Type II cepheids. But the 
old calibration is in error for Type 1-
these cepheids are one and a half magni
tudes brighter than they were credited 
with being." 

Revisions 

Now the cepheids Shapley had used 
to measure the distances of the globular 
clusters were of the cluster type; that is, 
cepheids of Population II. These stars 
were calibrated at a magnitude which 
represents 100 times the brightness of 

the Sun; their values remain unchanged, 
and it follows that the former measure
ments made with cluster-type cepheids 
are correct. 

But it was cepheids of Population I 
that Hubble had used to determine the 
distance of the Andromeda Nebula. In
deed, he had not been able to Rnd any 
cluster-type stars in the Nebula. Among 
the 12 cepheids that he photographed, 
the faintest had a period of 17 days. Ac
cording to the then accepted calibration, 
this meant that its real brightness was 
2,700 times that of the Sun, and reckon
ing from its apparent brightness in the 
photograph, Hubble estimated the dis
tance at about a million light-years. But 
the new determinations indicate that a 
17 -day cepheid has a brightness of about 
10,800 times the Sun's luminosity. Cal
culation shows that for a 10,800 Sun
power star to appear as faint as that 
cepheid did, it would have to be ap
proximately two million light-years 
away. And so with each of the other ce
pheids. When their luminosities were re
vised upward by one and a half magni
tudes, they all pointed to the same dis
tance-two million light-years. 

But, you ask, how did the 200-inch 
telescope show this? 

It was a question of magnitude l:ange. 
The instrument was powerful enough to 
reach certain stars, if they were of a cer
tain luminosity at a certain distance, and 
when the telescope failed to do this, the 
astronomers knew at once that some
thing was wrong. The scale of apparent 
magnitude begins with the brightest-ap
pearing stars, which are rated as of the 
first magnitude or less, and the scale 
goes on up to the sixth magnitude, which 
is the faintest that the eye alone can see. 
The telescope brings to view fainter and 
fainter objects, especially when aided by 
long photographic exposures, until Rnal
ly it reaches a limit beyond which it can
not collect enough light from an object 
to form an image. For the 100-inch tele
scope this limit is the 21st magnitude, 
which is the luminosity of a candle at a 
distance of 6,800 miles. Now at the mil
lion light-years distance which Hubble 
had calculated for the Andromeda Ne
bula, the cluster-type cepheids would 
appear as of the 22.4 magnitude. That is 
too faint for the 100-inch tele�ope to 
reach, and so when Hubble direc!ted this 
telescope at the globular clusters of the 
Andromeda Nebula 20 years ago, he did 
not expect .to Rnd any short-period ce
pheids. What surprised him was the ap
parent faintness of the Andromedan 
clusters as a whole. 

The 200-inch telescope, however, can 
reach the 22.4 magnitude, and there was 
every expectation that it would detect 
the Andromedan cluster-type cepheids. 
Yet not one showed up, though there 
were repeated exp9sures to the limit per
mitted by the optical conditions. Some 
giants brighter than the cluster-type ce-

pheids were found, but they were uni
formly one and a half magnitudes fainter 
than they should have been when rated 
from comparisons with similar stars in 
nearby Milky Way globular clusters. 

"This suggested," says Baade, "that in 
the Andromeda Nebula cluster-type ce
pheids would be found at magnitude 
22.4 + 1.5, or 23.9-which is beyond the 
reach of the 200-inch telescope." 

Moreover, 23.9 is the magnitude at 
which cluster-type variable stars would 
appear at a distance of two million light
years-or, more precisely, 1,964,000 
light-years. The fact that all the brightest 
Andromedan stars of Population II were 
also one and a half magnitudes fainter 
than they should be at a million light
years was further evidence for the 
greater distance. 

Baade next searched one of the small 
companions of the Andromeda, and in 
this miniature nebula, made up of Popu
lation II stars, he found that all the 
brightest giants were one and a half 
magnitudes fainter. 

The Evidence Piles Up 

The Rnal test of the calibration of 
Population II stars was accomplished 
last year. It was a procedure which 
Baade had Rrst proposed in 1948 as a 
means of determining the real brightness 
of the cluster-type variables without re
sorting to statistical methods. Baade's 
idea was to make two diagrams. First, 
plot according to color and apparent 
magnitude the stars of a particular 
globular cluster. Then make a corre
sponding diagram of representative stars 
of the Milky Way which are near enough 
for their distances to be measured trigo
nometrically. With their distances 
known, it would be possible to determine 
the real brightness of these nearby stars 
and thus to plot the second diagram in 
terms of absolute magnitude'. Now the 
cluster stars are all of Population II and 
the nearby Milky Way stars are Popula
tion I, and each population describes a 
quite distinctive diagram for all except 
its dwarf stars. Fortunately for Baade's 
test, the dwarfs of both populations fall 
along approximately the same line when 
plotted according to color and magni
tude. The possibility thus was opened of 
superposing one diagram on the other, 
and thereby converting the apparent 
magnitudes indicated by the diagram of 
cluster stars into the absolute magni
tudes indicated by the diagram of nearby 
stars. 

It happened that Allan R. Sandage, a 
graduate student in astrophysiCS at the 
California Institute of Technology, was 
looking for a subject for his doctoral 
thesis. Baade suggested that he study a 
globular cluster, and Sandage went to 
work on the Milky Way globular cluster 
known as Messier 3. He obtained photo
graphs made with both the 100-inch 
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CLUSTER OF GALAXIES in the constellation Coma 
Berenices is photographed by the 200·inch telescope. 

This reproduction enlarges a section of the original plate 
made by the telescope a little more than three times. 

telescope and the 200-inch, and from the 
images of individual stars he proceeded 
to make a stellar diagram of Messier 3. 

Meanwhile, at the Lowell Observa
tory in Arizona, an independent study of 
nearby stars had been made by Harold 
Johnson. Since the stars were in our 
neighborhood of the Milky Way, John
son was able to plot them by their abso
lute magnitudes and colors, while Sand
age could plot his stars only by their ap
parent magnitudes and colors. When 
superposed, the dwarf section of J ohn
son's diagram fitted neatly over the 
dwarf section of Sandage's. As was ex
pected, the apparent magnitudes of all 
of Sandage's stars were instantly con
verted into their corresponding absolute 
values. The position of the cluster-type 
variables on Sandage's curve, which was 
at the level of the 15th apparent magni
tude, was shown by this device to be at 
zero absolute magnitude. Now zero ab
solute magnitude is equivalent to the 
brightness of 100 Suns, and this was the 
absolute magnitude assigned to cluster
type variable stars in the original period
luminosity curve. Thus again the cali
bration of these Population II stars was 
confirmed. 

Further evidence was added by Olin 
Eggen of the Lick Observatory, who had 
made a similar survey of nearby stars 
somewhat earlier. Eggen's plot too, 
when the Sandage diagram was super
posed, declared that a cluster-type vari
able star is the equal in luminosity of 
100 Suns. 

"The mistake, as we now see, lay in 
calibrating Population I cepheids on the 
same scale with those of Population II," 
says Baade. "These recent determina-
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tions tell us that two curves are neces
sary. The old curve, Shapley's period
luminosity curve of 1917, remains good 
for Population II cepheids. But for ce
pheids of Population I we have to de
scribe an entirely new curve, on which 
the stars are systematically brighter by 
one and a half magnitudes. 

"You cannot say that astronomers 
were foolhardy in making the assump
tions that they did 30 or 40 years ago, 
and accepting a classification which 
placed all cepheids on a single curve. It 
was a calculated risk, and to move for
ward science must take risks. Sometimes, 
as in the present instance, the assump
tion proves to be wrong, or partly wrong. 
But if the risk had never been taken, we 
would have made no use of cepheids as 
distance-indicators, our ventures into in
tergalactic space would have been more 
timorous, our resulting concept of the 
universe would have been more re
stricted. Even a half-length yardstick is 
better than none." 

Since Baade announced the new de
terminations at the Rome meeting last 
September, several other astronomers 
have reported observations pointing to 
the need of recalibrating the classical ce
pheids. At the meeting of the American 
Astronomical Society in Amherst, Mass., 
last December Shapley presented the 
sixth in his series of papers on the Magel
lanic Clouds. In it he gave new estimates 
for both the sizes and distances of these 
outside stellar systems. He extended the 
estimated distance of the Clouds to 
150,000 light-years and their estimated 
sizes to a diameter of 30,000 light-years 
for the Large Cloud and of 20,000 for 
the Small. 

Another Magellanic Cloud surveyor is 
A. D. Thackeray of the Radcliffe Ob
servatory at Pretoria, South Africa. At 
the Rome meeting last September, fol
lowing Baade's announcement, Thack
eray reported the study of a globular 
cluster of the Small Cloud in which he 
found that its cluster-type cepheids were 
one and one half magnitudes fainter than 
was to be expected on the old scale-thus 
arguing for a great distance. Since then 
Thackeray and his associate, A. J. Wes
selink, have extended the measurements 
to short-period variables in two globular 
clusters of the Large Cloud, and in the 
April 18th Nature they give their pre
liminary estimate of the distance of the 
Clouds as nearly double the former ac
cepted value. 

What Makes Them Pulsate? 

Before we consider the effect of these 
findings on the runaway behavior of the 
outside nebulae, a word needs to be said 
about their effect on the cepheids them
selves. We describe cepheids as pulsat
ing giants, but the internal mechanism 
which produces and regulates their 
clock-like variations has long been a puz
zle. The late Sir Arthur Eddington was 
the great authority on the internal con
stitution of stars. He developed the mass
luminosity law, by which one could in
terpret from the luminosity and mass of 
a star its nature and behavior. 

"According to Eddington's theory," 
Martin Schwarzschild of the Princeton 
Observatory explains, "the speed of stel
lar pulsation depends on the star's den
sity, but in the case of the cepheids, and 
particularly the long-period cepheids, 
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MORE DISTANT CLUSTER of galaxies in Corona 
Borealis is also photographed by the 200-inch. The en-

largement is the same, showing how the average size 
of galaxies can be utilized to estimate their distance. 

the stars were too dense to pulsate as 
fast as they did. We simply could not get 
anywhere with the problem without 
abandoning well-established principles 
which worked satisfactorily for other 
stars. The situation had become terribly 
frustrating." 

"How could you know the density of 
these stars?" 

"We started with the period of varia
tion," said Schwarzschild. "That gave us 
the luminosity-or at least was supposed 
to. From the luminosity we computed 
the mass by applying Eddington's mass
luminosity law. Density is mass per unit 
of volume, �\J1d if we can determine the 
star's diameter, we can estimate its vol
ume. Diameter can be calculated from 
luminosity and surface temperature. So 
it is a series of steps, each built on the 
preceding ones. We determined the 
masses and volumes, and from them de
rived densities. Then we compared den
sities with the observed periods of varia
tion-that is, of pulsation. And this rela
tion between densities and periods did 
not agree with theory. It was very dis
couraging. 

"But now, with Baade's discovery that 
the long-period cepheids are brighter, 
the whole outlook for cepheid theory has 
taken a new turn. Higher luminosities 
mean more diffuse gases, which is what 
the theory calls for. Now we can recom
pute the densities and get a new period
density relation. It looks as if the new 
""lues will agree very closely with the 
theoretical requirements." 

The Distant Nebulae 

Twenty million light-years is about as 

far as the 200-inch telescope is able to 
resolve a nebula into individual stars
which means, of course, that this is the 
limit of usefulness of cepheids as stan
dard candles. How, then, can an astron
omer reach farther and measure the 
claimed distances of hundreds and thou
sands of millions of light-years? 

The first task has been to determine 
the dimensions of the nearby nebulae
those in which cepheids or other familiar 
giant stars can be detected. Within 20 
million light-years of the Earth there are 
hundreds of galaxies. They are of various 
sizes and luminosities. Some galaxies 
measure up to 75,000 light-years in 
diameter, others only 1,500, and there 
are assorted sizes between. But by meas
uring the distance of each and calculat
ing from its apparent brightness its abso
lute luminosity, the astronomer can 
strike a mean and arrive at the average 
brightness of a spiral. In previous sur
veys, before the new calibration was in
dicated, the average galaxy had the lumi
nosity of about 100,000 million Suns. 

This average galaxy then became the 
yardstick. As the telescope reaches nebu
lae which cannot be seen as separate 
stars but only as blobs of luminosity, 
their distances are roughly estimated by 
calculating how far an average galaxy 
would have to be to appear that faint. 
For clusters of nebulae, statistical analy
sis is applied. Noting the proportion of 
large spirals to small ones in our neigh
borhood, the astronomer reasons that a 
similar distribution is probable for more 
distant neighborhoods. 

The galaxies themselves thus serve as 
the standard candles when multitudes of 
nebulae scattered through a wide range 

of distances are involved. But since the 
calibration of the galaxy as a distance
indicator is based on tlle calibration of 
cepheids arid other individual stars, the 
new determinations affect both stars and 
galaxies. On the new reckoning the aver
age galaxy would approximate the 
brightness of 400,000 million Suns. 

Doubled Time 

Not only space but time is affected by 
the new calibration. For the age of the 
universe is calculated from the speed at 
which the galaxies are receding-an al
most unanimous outward movement of 
nebulae as though they were running 
away from our part of the heavens. It 
is of course the well-known red-shift of 
spectral lines in the light received from 
these outside bodies that provides a 
measure of their motion. 

Hubble, who has devoted the last 20 
years to an intensive study of this evi
dence, found that the more distant the 
nebula, the greater was the redward 
shift of its light, and therefore the 
greater was its speed of recession. Nebu
lae at a distance of six million light-years 
were found to be receding at about 700 
miles a second, those at 45 million light
years at 4,200 miles a second, and those 
at 135 million at 15,000. Thus there was 
an increase of about 100 miles a second 
for each additional million light-years of 
distance. Hubble calls this relationship 
between speed and distance "the law of 
the red-shifts ." And the law held with 
remarkable consistency out to the most 
distant objects for which a spectrum 
could be obtained-a group of nebulae 
estimated to be 360 million light-years 
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away, for which the red-shift indicated a 

speed of 38,000 miles a second. 
But if, as now appears, all these dis

tances must be doubled, the ratio of 
speed to distance will be halved. That is, 
instead of the speed increasing at the 
rate of approximately 100 miles a second 
for each million light-years of distance, 
the rate of increase would appear to be 
only about 50 miles a second. On this 
basis it has taken twice as long as was 
formerly supposed for the nebulae to 
recede to the positions which they now 
occupy. 

"The law of red-shifts," Hubble ex
plains, "has been established by meas
urements of spectral lines out to the 
present limits of observation-lines 
which correspond to velocities of ap
proximately 38,000 miles per second, or 
a little over one fifth the velocity of light. 
If the law continues to apply to objects 
beyond the limits of our present observa
tions, then the age of the universe, on 
the old scale of distance, would be about 
1,780 million years. On the new scale, it 
would be double that, or around 3,500 
million years." 

These speculations bring us to the 
shadowy frontiers of the unknown, and 
Hubble wisely counsels caution. He 
notes that the data received from the 
most remotely photographed spectra 
show a possible tendency to bend in the 
direction that one would expect them to 
take if the rate of expansion of the uni
verse were slowing down. Unless this in
dication is disproved as additional pre
cise photometric records accumulate, the 
maximum age of the universe will be 
sensibly reduced below the tentative re
vised estimate of 3,500 million light
years. "The time-scale is still an uncer
tain and disturbing feature," he says, 
"unless we drag in the idea of rapid 
evolution of such a sort that the nebulae 
appear systematically brighter the far
ther away they are-brighter because 
they were younger when the light left 
them on its journey to us. 

"I believe," Hubble concludes, "that 
we can determine from observations 
whether or not red-shifts necessarily 
mean expansion, and 1 consider this a 
highly important project, because even 
the extended 'age of the universe' is no 
greater than the current estimates of the 
age of rocks in the crust of the Earth. 
The essential clues to the nature of the 
universe are : first, the law of the red
shifts, and second, the distribution of 
matter through space, which involves 
counts of nebulae, the luminosity func
tion and masses. The law of red-shifts 
will be placed on a definitive basis in the 
course of a year or two. But the distribu
tion of matter will require from five to 10 
years for final solution. Meanwhile, it is 
unwise to be dogmatic and it is wise to 
distinguish carefully between topiCS of 
conversation and subjects for disserta
tions." 
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CHELATION 
It is a chelnical process -wherein the atoms of a metal in solution 

are "sequestered" by ring-shaped molecules. Chelating agents have 

no\v become important tools of analytical chemistry and technology 

THE M OST USEFUL tool of the 
chemist's trade is the cabalistic 
scribble of letters and connecting 

lines with which he pictures a molecule. 
When, some 90 years ago, the German 
chemist Friedrich August Kekule first 
visualized a molecule as a group of little 
balls (atoms) joined by sticks, he gave 
chemistry something much more impor
tant than a convenient scheme for writ
ing chemical formulas. Kekule's visions 
( one of his discoveries, the benzene ring, 
actually was suggested to him by a 
dream of a snake chasing its tail) pro
vided the beginning of our understand
ing of how a molecule is constructed and 
of the bonds between atoms. And today 
the diagram with which a chemist repre
sents a molecule on paper carries a great 
deal of meaning: it is, in fact, a predic
tion as to how the substance will behave 
chemically. 

Within the past year or so wide inter
est has developed in a new branch of 
chemistry which gets its name from the 
symbols used to picture its peculiar type 
of molecule. The chemist's formula for 
this kind of compound shows rings of 
atoms in which arrows, representing a 
special kind of chemical bond, grip a 
central atom like a claw. The structure 
is called a chelate ring, from the Greek 
word chele, meaning claw. Chelation is 

by Harold 1". \,' alton 

not a brand-new discovery: there are 
many chelate compounds in nature, 
among them the hemoglobin of blood 
and the chlorophyll of plants. But new 
ways to use chelation are being found, 
and there is now rising a flourishing in
dustry which produces made-to-order 
chelate compounds for many purposes, 
from softening water to dissolving kid
ney stones. Chelation also is revolution
izing chemical analysis in tbe laboratory. 

The various uses of the chelate com
pounds all depend on one fascinating 
property: the ability of the crab like claw 
to seize and sequester atoms of metal. 
A chelate compound will hunt down 
traces of any given metal in a liquid. It 
is as if we sent a posse of crabs into a 
mixed population of flora and fauna 
with instructions to seize and swallow 
all the left-handed snails. 

To UNDERSTAND how chelation 
works we must examine the nature 

of a chemical bond. According to the 
modern theory of valence, the atoms in 
a molecule are bound together by elec
trons, the charged particles that sur
round every atom. The bond may be 
established in one of two ways. An atom 
may transfer one of its electrons to its 
neighbor. In that case the atom that 
loses the electron also loses its electri-

cal neutrality and becomes positively 
charged, while the atom that receives 
the electron becomes negatively charged. 
These two "ions" then are held together 
by the electrical attraction of their oppo
site charges. The other way in which 
two atoms may be bound together is by 
sharing a pair of electrons-as if two 
persons were held together by a pair 
of ropes that belonged not exclusively to 
either individual but to both together. 
This is called a covalent bond: the chem
ist represents it by a single line joining 
the two atoms. Usually each of the two 
jomed atoms supplies one of the two 
binding electrons. But sometimes one 
atom supplies both, and that kind of 
link is called a coordinate bond. The 
chemist's symbol for such a bond is an 
arrow pointing toward the atom which 
has received the electrons. 

Now a chelate ring is simply a group 
of atoms linked into a ring with one or 
more coordinate bonds. The atoms that 
donate the electrons are usually oxygen, 
nitrogen or sulfur; the acceptor atom, 
grasped in the claw of arrows, is nearly 
always a metal. In such a ring the metal 
atom is gripped more firmly than if it 
were merely attached to atoms in inde
pendent molecules. Another way of say
ing this is that a metal atom is much 
more prone to unite with two donor 

H H H H 
H H 
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COORDINATION COMPOUNDS of the cupric ion 
(CuH) sequester copper. The arrows denote coordinate 

])ouds. The compound at right is chelated; the oue 
at left is not. The chelated complex is more stable. 
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atoms in a ring-forming molecule than 
with the same atoms in two separate 
molecules. The mechanics of the situa
tion make clear why this is so. To be
come attached to two separate mole
cules, the metal atom must capture a 
donor atom in each molecule separately, 
an� this depends on chance contacts. 
But when the metal atom becomes at
tached to one end of a molecule that can 
form a ring around it, it easily links up 
with the other end, for the latter is 
tethered and cannot range far afield. 

What kind of molecule do we need to 
form a chelate ring? In the first place, 
the molecule must contain at least two 
atoms that can attach themselves to a 
metal ion. Secondly; if we are to have a 
strain-free, stable rmg, the atoms form
ing it must join in such a way that their 
valence bonds are at their natural angle. 
The natural angle of the bonds in the 
carbon atom, which determines the 
structure of most chelate rings, is slightly 
more than 108 degrees, and this is the 
size of the angles of a pentagon. Hence 
the ideal number of atoms to make a 
chelate ring is five. There are many 
known chelate rings with six atoms, but 
very few have fewer than five or more 
than six. 

One ot the best chelating compounds 
is a chemical with the imposing name of 
ethylene diamine tetra acetic acid, called 
EDTA for short. The atoms in this mole
cule are spaced just the right distance 
apart to give strain-free chelate rings 
with five atoms apiece. What is more, 
the molecule has no fewer than six atoms 
(two of nitrogen and four of oxygen) 
that can donate electrons to metals. It 
will grip an atom of iron with not one 
but five or six chelate rings: the mole
cule might fittingly be called an octopus 
rather than a crab [see diagram on page 
72]. 

It is this kind of molecule, capable of 
forming several chelate rings at once, 
that has created the chelation industry. 
Studies of EDTA and similar chelating 
agents were begun about eight years 
ago by the Swiss chemist Gerold 
Schwarzenbach and have now been 
taken up in the U. S. by Arthur E. Mar
tell of Clark University and other chem
ists. Already in commercial production 
are several chelating compounds, known 
variously by the trade names Versene, 
Sequestrene, Nullapon and Trilon. 

CHELATION can be applied to any 
problem in which the presence of 

metal ions causes trouble. Suppose, to 
take a common example, that our water 
supply contains dissolved salts of iron. 
The iron forms a sediment on standing; 
it discolors bathtubs and linens; it spoils 
the taste of tea. On the domestic scale 
it is very difficult to remove. Thanks to 
chelation, however, we do not need to re
move it to prevent its ill effects. We may, 

BEAKER CONTAINING IRON is photographed in the lahoratory of the 
Bersworth Chemical Co. The iron is in the form of an insoluhle compound. 

BEAKER IS CLEARED hy the addition of a chelating agent. The iron is 
still there, hut it is sequestered hy the rings of the chelating agent_ 
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reality 
th rough 

research 
@NOW especially. in 

this age of push , 
button and feed back 

controls. Potter & Brumfield 
relays. contactors and 
electro-mechanical 
actuators contribute 
greatly to the plan
ning and production 
of belfer products, 
P & B offers 
today's designer 
reality through 
research 
... unlimited 
horizons for 
product develop
ment with many 
new versatile 
mechanisms 
specifically designed 

to meet his needs.", 
fox . . • . . 

� 

"miniatvrization , 
, Tiny SM relay typi
. fies miniature de

sign. Sealed version 
weighs less than an 
o u nce: m e asures 
%" x Irs" 
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rvggeclization 
LK Series. electrical 
latch-electrical re
lease rel ay, with
stands IO-G vibra
tion, 50-G shock. 

Ultra-sensitive SS 
relay provides OP
eration with sensi
tivity range from I 
MW to 2W. 

Hermetic se al ing 
protects individual 
relays or multiple 
groups from dust , 
fumes, moisture,etc. 

Your inquiries are invited. Write for 
new Catalog No. 122 illustrating relays 
for every application. 

� �  

�� 
EXporl, 13 E. 40lh 51., N. Y., N. Y. 

Sales Offices in Principal U. S. and 
Canadian Cities 

H.c _____ ..?--C�CH2 

----- N � 
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Co 
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AMMONIATRIACETIC ACID sequesters calcium (Ca) in several chelate 
rings. The complex is an ion carrying one negative charge (bottom right) . 

instead, add EDTA to the water. Now 
the iron will leave no stains, form no 
sediment: the water becomes sparkling 
clear. The iron is still there, yet it cannot 
be detected even by sensitive chemical 
tests. It is tightly imprisoned and hidden 
away-"sequestered," in the poetic lan
guage of chelation technology-by 
EDT A's chelate rings. 

The softening of water so far has been 
the largest use of chelation. The chelat
ing compounds combine readily not only 
with iron but also with the calcium and 
magnesium ions of hard water. They are 
too expensive for large-scale use, but are 
ideal for adding to shampoos, soaps and 
detergents. Unlike some other water
softeners, chelates of the EDT A type do 
not lose their strength on prolonged con
tact with water. 

EDT A also is added to dyes to get rid' 
of traces of iron and other metals which 
may modify or weaken colors or even 
leave rust stains on the fabric. The 
metals spoil dyes, incidentally, by form
ing chelate rings with the dye molecules. 

Another field where traces of metal do 
a lot of damage is in food preservation. 
Even one part per million of metal ions 
catalyzes atmospheric oxidation, and 
this is what makes cut apples turn 
brown, fats and oils go rancid, orange 
juice lose its vitamin C and most of its 
flavor and green vegetables spoil. The 
addition of one hundredth of 1 per cent 
of EDTA improves the keeping qualities 
of such food enormously. EDTA helps 
preserve rubber latex and high-energy 
rocket fuels also. 

A large dose of EDT A will reduce the 
concentration of free metal ions in a solu
tion to the vanishing point. With a 
moderate, calculated dose we can hold 
the concentration at any level we wish, 
just as we control the concentration of 
hydrogen ions, or the acidity, of a solu
tion. EDT A is used in this way to regu
late the deposit of metal in electroplat
ing, assuring a smooth, adherent coat. 

EDT A can dissolve insoluble salts of 
metals as well as prevent their forma
tion. This makes it a useful decontami
nant for radioactivity: it will wash off 
invisible RIms of radioactive metal salts 
where soap and water will not. 

THE SAME property enables EDTA 
to help dissolve kidney stones, decal

cify bone and rid the body of poisonous 
heavy metals, notably lead and pluto
nium; EDT A offers almost the only hope 
of treatment for plutonium poisoning. In 
such applications it is fed as the calcium 
salt, so that calcium will not be removed 
from the blood or bones . • On the other 
hand, EDT A also is useful where we 
want to take calcium ions out of the 
blood to prevent clotting. Recent tests 
have shown that EDT A makes it pos
sible to preserve whole blood nearly 
twice as long as does the citrate solution 
which the Red Cross now uses to keep 
blood from clotting before it is proc
essed. 

Citric, malic, lactic and tartaric acids 
are among nature's chelating agents. 
They keep metal ions from precipitating 
in body fluids, much as EDT A prevents 
precipitation of iron from well waters. 
The root hairs of plants secrete chelating 
acids which dissolve such compounds as 
ferric oxide and calcium carbonate and 
make the iron and calcium of the soil 
available to the plant. Humus assists this 
process, for it, too, contains chelating 
agents. Soils deficient in humus can be 
improved by adding EDT A. 

Chlorophyll and hemoglobin are che
lated compounds of a very special type. 
They contain the "porphyrin ring": a 
complicated arrangement of rings within 
rings which is Bat and has four nitrogen 
atoms placed at the four corners of a 
square. In the middle of this square is a 
metal atom gripped by the four nitro
gens. In hemoglobin the metal is iron. 
The iron atom fits very nicely, for it is 
about the right size, and what is more 
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Faster. 

with a heavier striking load than 

any known airplane of its weight or size 

_the U.S. Navy's Douglas A3D-1 
Faster than many jet fighters, the Doug
las A3D-l can lift a bigger bomb load 
from an aircraft carrier and deliver it 
farther than any known plane. 

First swept-wing jet attack bomber 
ever built for the Navy, A3D·l is in the 
600 to 700 mph class-and can operate 

Be a }\Tavol flier-write to: 
Nav Cad, Wa.hington. 25, D. C: 

on miSSIOns at 40,000 feet. Key to its 
speed, range, and striking power is the 
simplicity and lightweight strength of 
its Douglas airframe-which has already 
become a springboard for new con
figurations. A3D.l has passed its early 
flight tests, and is already in production 

for delivery to the United States Navy. 
Performance of the A3D·l is another 

example of Douglas leadership in avia
tion. Developing planes that can be 
produced in quantity-to fly faster and 
farther with a bigger payload-is the 
basic rule of Douglas design. 

Depend on DOUGLAS First in Aviation 
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try HI-SIL® 

Columbia-Southern HI-SIL is a hydrated silica 
of extremely fine particle size. Actually, the 
particles contained in a 50 lb. bag of HI-SIL 
would cover one square mile when spread one 
particle deep. 

This unusual surface area of HI-SIL gives it 
extraordinary characteristics. When added to 
certain liquids it can upset the mobility; when 
added to certain powders it provides flow
ability. HI-SIL takes flow "out" or puts it ·'in.·· 

For example: In glacial acetic acid, 28% of 
HI-SIL dries it to a flowable powder. In 
common table salt, 1%-2% of HI-SIL will 
keep it free-flowing under very humid condi
tions. The sorptive properties of HI-SIL can 
also be used to make damp powders dry-or 
thick pastes from liquids. 

The surface area of HI-SIL undoubtedly offers 
advantageous utility in many products or 
processes. How can it serve you? Here are some 
of HI-SIL's physical properties: 

Bulk Density 7 ± 1 I b./ cu. ft. 

Specific Gravity 1 .95 
Average Particle Size 0.025 Micron 

pH 8.5-9.5 
Refractive Index 1.44 

Oil A bsorption, Rub-In Method 160 

If these properties of HI-SIL suggest a place 
in your operations . . .  we will be glad ro 
supply you with experimental quantities of 
HI-SIL, and ro offer you our technical assistance. 
Write, Columbia-Southern Technical Depart
m.ent H, Gateway Center, 420 Duquesne Way, 
Pittsburgh 22, Pa. 

IXecutlve OHice. t Goteway Center, 420 Duquesne 
Way. Pittsburgh 22, Pa. 

Di.trlet Offlceu Boston • Charlotte • Chicag o 
Cincinnati· Cleveland· Dallas - Houston . Minneapolis 
New Orleon, • New York • Philadelphia • Pittsburgh 

St. louis· San Francisco 
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important, the normal arrangement of 
the bonds by which it is gripped is Rat 
and not tetrahedral. In chlorophyll the 
situation is different. Its metal, mag
nesium, has bonds that normally angle 
toward the four corners of a tetrahedron. 
Consequently in the chlorophyll mole
cule these bonds are strained and the 
chelate ring is less stable. It is something 
of a mystery that chlorophyll should 
contain magnesium rather than some 
other metal. Once we get chlorophyll out 
of the living plant cell, its magnesium 
can be displaced by almost any other 
metal. To stabilize commercial chloro
phyll preparations the magnesium is 
generally replaced by copper. 

F
ROM ALL THIS it is obvious how 
chelation becomes a tool of chemical 

analysis. A chelating agent can be used 
like a pair of forceps to pluck out a 
specific kind of atom or ion from a com
plex mixture. Its selectivity comes from 
the fact that a given chelating agent 

grips some metal ions more tenaciously 
than others. We can apply this selectiv
ity in two ways. Either we hold one 
metal in solution by chelation while we 
precipitate or extract another, or we use 
the chelating agent to make the metal 
we want insoluble so that we can extract 
it. The second method is the sharper 
tool. 

Let us examine one particularly vivid 
example. Every analytical chemist 
knows that when the chelating agent 
dimethylglyoxime is introduced into a 
dilute ammonia solution. containing 
nickel ions, he will get a beautiful scar
let precipitate-so brilliant in color that 
it has been used in lipsticks. The reaction 
is an analytical chemist's dream. Of the 
98 known elements, only nickel is com
pletely precipitated by this treatment! 
No other test is so specific for one metal. 

The structure of the chelate com
pound explains this specificity. The 
molecules of the dimethylglyoxime che
late that holds the nickel are electrically 

co 

ETHYLENE DIAMINE TETRAACETIC ACID, or EDTA, sequesters iron 
(Fe) in more rin,gs than ammoniatriacetic acid. It also is negatively charged. 
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Close-up of the moon taken through the famous Hale 
telescope at Palomar Mountain, Calif. Sharp detail 
shows l50-mile wide crater known as Clavius !center)_ 
The glass for this 200-inch mirror was supplied by Corning. 

Looking for the moon? 
If you are looking for the moon, glass is 
a most logical material to use. Whether 
you use binoculars, a home-made tele
scope or a giant reflecting telescope like 
the 200-inch glass mirror of Palomar, 
Corning can produce a glass to meet 
your exact requirements. 

Glass was used for the Palomar Moun
tain telescope because it could be pol
ished to precision tolerances that could 
be maintained over wide temperature 
ranges. Corning has also developed 
glasses for many other optical uses
mass-produced glass to exacting specifi
cations for eyeglasses, microscopes and 
camera lenses, glasses that protect the 

eyes from harmful rays of the sun and 
filters that control light in many types of 
scientific instruments. 

So whether you are looking for the 
moon or something more earthy, glass 
can help. If your problems involve cor
rosion, electrical properties, heat resist
ance, hermetic enclosure or smooth 
surfaces we would like to bring you up
to-date on how glass can help you. 

For that purpose, we have prepared 
some factual material about glass by 
Corning that your engineering depart
ment should have. We would be happy to 
send you all or any part of it. Check and 
return the coupon. 

CORNING GLASS WORKS, CORNING, N. Y. 

���Vet7�<f 

Everyone who needs eyeglasses to� 
day can depend upon excellent vision, 
thanks to the consistent optical purity 
of glass by Corning. 

The glass for microscope lenses must 
be of high optical quality. Corning 
mass produces glass that more than 
meets this standard. 

Huge windows of Corning optical 
glass in the supersonic wind tunnel 
give scientists an undistorted view of 
futuristic model jet planes. 

CORNING GLASS WORKS 
76 Cryslal 51., Corning, N. Y. 

Please send litera lure checked: 0 IZ-l 
ItGlass, Its Increasing Importance In Prod ... 
uct Design"; 0 8-83 "Properties of 
Selected Commercial Glasses"; 0 8-84 
"Design and Manufacture of Commercial 
Glassware"; 0 8-88 "Glass in the De
sign of Electrical Products." 

Name' _____________________ ___ 

Title ________________________ __ 

Company ____________________ __ 

Address ______________________ _ 

Cily ______________ Zone __ _ 

Stale ________________________ _ 
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Linear accelerometers 
are manufactured by 
Statham Laboratories for 
measurement in ranges 
from ± O.5g to ± 1,OOOg. 
Unbonded strain gage 
accelerometers have higher 
natural frequency than 
is usually attainable with 
other types of pickoffs. For 
maximum possible output, 
the mechanical construction 
of these instruments is 
such that movement of the 
suspended mass produces 
a change of resistance 
of all four arms of the 
complete balanced bridge. 
The resistive nature of the 
bridge permits the use of 
these accelerometers in either 
A.C. or D. C. circuits. 

Please request 
Bulletin No. 4.0. 

efttdktv· 
LAB 0 RAT 0 R'I, E 5 

• Los Angeles 64, Calif. 

BLEACHED LEAVES of a citrus plant suffer from chlorosis, a disease 
caused by a lack of soluble iron in the soil. The condition can be cor
rected by adding to the soil a soluhle chelated complex of the metal. 

neutral and completely flat-so flat that 
they can be stacked up together like a 
deck of cards to make a compact crystal. 
Each molecule contains two dimethyl
glyoxime units, one on each side of the 
central nickel atom. To form this flat, 
symmetrical molecule four distinct re
quirements must be met. First, if the 
molecule is to be neutral, the metal ion 
must have a charge of plus two, so that 
when it combines with the two dimethyl
glyoxime units no electric charge is left 
over. Second, it must readily accept elec
trons from the donor nitrogen atoms. 
Third, since each dimethylglyoxime con
tains two nitrogens, the metal ion must 
join with four nitro gens, and these must 
lie at the corners of a square, not of a 
tetrahedron. Finally, the metal ion must 
be the right size. These requirements are 
like the tumblers of a lock: to open the 
lock, the key must fit them all. Nickel is 
the key that fits this lock. Its ions have a 
charge of plus two; they coordinate 
easily with nitrogen; their valence bonds 
are in one plane and not tetrahedral; the 
ions are the right size. The ions of cop
per have almost exactly the same com
bination of properties as nickel, and 
they will form a chelate with dimethyl
glyoxime. But what makes nickel unique 
here is that the copper chelate is soluble, 
whereas nickel precipitates out of the 
solution. 

D IMETHYLGLYOXIME is one of 
hundreds of organic reagents for 

metals used in modern chemical analysis. 
Nearly all of them form chelate rings. 
None is quite as selective as dimethyl
glyoxime and its homologues, or gives 

quite as beautiful a color as the di
methylglyoxime-nickel reaction. But 
many do form strongly colored com
pounds. The combination of color pro
duction with selectivity is just what we 
need for the analysis of complex mix
tures. By looking at the colors we can 
tell what metals are there, and by using 
a photoelectric colorimeter we can tell 
how much of each metal is present. One 
of the best reagents for this kind of 
analysis is a sulfur-containing chelating 
agent known as dithizone. With certain 
metals dithizone forms red or orange 
chelates which are so intensely colored 
that as little as a lO-millionth of a gram 
of the metal can be detected. This 
method is as sensitive as the spectro
graph, and a lot less cumbersome. Dithi
zone is used to check the content of trace 
elements in soils and to look for minerals 
by analyzing the water in streams that 
flow near the are beds. 

A good way to use chelating agents in 
analysis is to set two of them against 
each other in a chemical tug-of-war. The 
National Bureau of Standards employs 
this device to measure traces of copper 
in steel. The elements to be separated 
are iron and copper; the chelating con
testants are EDT A and sodium diethyl
dithiocarbamate. Neither of these agents 
is sufficiently selective to separate iron 
and copper by itself. But EDTA grips 
iron a trifle more strongly than it does 
copper, while the other reagent is more 
partial to copper. When the two reagents 
are used together, the EDT A gets all the 
iron (also chromium, cobalt and nickel 
if they are present), and the sodium 
diethyldithiocarbamate gets all the cop-
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ACTIVATED 

CARBON 

AGRICULTURAL 

CHEMICALS 

PLASTICIZERS fiNE 

CHEMICALS 

PROTECTIVE 

COATINGS 

to your 
New Fishing Lure 

YOU'D never expect to spot a kinship between 
a 12-story high blast furnace and a half-ounce plastic 

fishing lure, would you? But at Pittsburgh Coke 
& Chemical, the family tie is bmic. For the \ery 

coal that produces coke for Neville Pig Iron also 

yields coal chemicals for making PittSburgh PX 

Plasticizers, the important "flexibility ingre

dients" in fishing lures and a thousand other 

useful plastic products in your daily life. 
Today, in our 25th Anniversary Year, the 

products of the company's ten divisions 

are as diverse as cement and dyestuffs. 

Yet the production of every division 
is knit together, at a single plant site, 

in one continuous, interlocking pattern. 
This highly developed integration 

-almost without parallel in modern 

industry-provides distinct benefits to 

our customers: Assured product quality 

and dependable, continuing supplies 

... because Pittsburgh is basic. 

W&O 4685 
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VISUAL OBSERVATION AT 30,000 PSI 

Stainless Steel A Construction Throughout 

This is a high pressure spectro
photometric cell a s  used in the 
Applied Physics Laboratory of 
John� Hopkins University. It 
is used for st udy o f  visible 

and near ultra-violet absorption 
spectra of liquids up to 2000 
atm., 1250 C. It measures opti
cal densities of 0.1 to 1.0 photo
electrically to accuracies of 
30/0. The equipment is precise 
enough to detect a reversible 
wave length shift of 0.5 milli
micron with pressure in the 
near ultra-violet spectra of 
toluene. 

DRAFTING MACHINE no finer instrument-at any price 
• Scientists and engineers the world over 
specify UNIVERSAL when they want the 
ultimate in drafting machines. They know 
the lasting value of this sturdy instrument 
in which are combined sound engineering. 
dependable time· tested materials and old· 
school craftsmanship. 
Fifty years ago Universal pioneered with 
the first drafting machine-today Universal 
leads in use wherever precision. visibility, 
ease of performance and adaptability t o  
angle boards are decisive purchasing factors. 

The Universal "Boardmaster" Bulletin 
describes this instrument in detail and 
makes clear why it is today's tOP value for 
any busy engineering department. Copy 
sent on request-write today. 

UNIVERSAL DRAFTING MACHINE CORP. 
6.1.'1.'.,.,.": •. \9:1:11 ...... 11:1'.': ••••• 1:11 •• 
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SOM E FEATURES Of THIS EQUIPMENT. 
1. Optically flat quartz windc>ws-self 

sealing-easily cleaned and replaced. 

2. Movable self sealing closures ad
just window spacing from %" to 1": 
Volume 2 to 16 ec. 

3. Gias-Col heating mantle or water 
bath maintain accurate temperature. 

THIS VESSEL CAN ALSO BE USED 'OR. 
A. Static or continuous studies of flow-

ing streams. 
. 

B. Phase change study. 

C. Equilibrium and kinetic studies of 
liquid phase reactions. 

D. Biological studies of organisms un
der pressure. 

E. Control of liquid concentration in 
a continuous flow system. 

F. Freezing points of liquid, etc. 

for RESEARCH for FUN 

for PROFIT 

Fisher M·SCOPE Detector 
Used by Archeologists. Geolo

gisfs. Mining Engineers. 
Consfruction Engineers 

You can make metal detecting an exciting 
hobby. too! Fisher M-Scopes indicate the 
exact position of metal objects and min
eral deposits under soil, rock, gravel, 
cement, plaster, brick, wood, snow, etc. 
Pays for itself Quickly in thrilling dis
coveries. Hidden and lost "treasures" 
reveal themselves at once to the M-Scope's 
electronic soundings. Easy to follow in
structions let you start enjoying this in
teresting. profitable pastime immediately. 
Finest Quality. Rugged. Fisher M-Scopes 
represent the finest workmanship. Thou
sands are in daily use by prospectors, sci
entific expeditions, industrial plants, etc. 
FREE BOOKLET. Send for free booklet de
scribing complete line of M-Scopes and 
their many unusual uses. Write today! 

FISHER RESEARCH LABORATORY, INC. 
Palo Alto California 

X-RAY PHOTOGRAPH of a rabbit 
demonstrates the use of a chelating 
agent to make not only the bones but 
also the soft tissues visible. The ani
mal was fed chela ted lead, seques
tered from its usual toxic action. The 
lead makes the internal organs rela
tively opaque and is eliminated. 

per and nothing else. This copper chelate 
is intensely colored. It is extracted with 
an organic solvent-a common practice 
with metal chelates-and the color is 
measured with a suitable instrument. 

One more example will show the use
fulness of these reagents to the analytical 
chemist. Often he wants to know exactly 
how much of a dissolved substance is 
present, by volume, in a liquid; for in
stance, he may want to measure precisely 
the total hardness of a sample of water, 
meaning the sum of its calcium and 
magnesium ions. He adds to the water a 
solution of EDT A of exactly known con
centration. He drips in the solution a lit
tle at a time, as he wishes to shut it off at 
precisely the moment when the EDT A 
has swallowed all the calcium and mag
nesium ions. To determine that point he 
uses a certain purple-red dye, itself a 
weakly bound magnesium chelate, 
which is torn apart by EDT A and 
changes abruptly from purple-red to sky 
blue when all the calcium and magnesi
um ions are gone. Now, from the amount 
of EDT A solution that was needed to 
swallow up the ions, he can calculate 
exactly how much calcium and magne
sium was in the water. 

From the laundry tub to the analytical 
laboratory, the versatile chelating agents 
justify their description as "chemistry'S 
most precise chemicals." 
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It's VERSATILITY that sells 
SANBORN in the field of 

Industrial Recording 

As indicated by references 

at the right, you may 

have a choice of five 

different instruments (A) 

for quick and convenient 

standard rack mounting 

in the system at AI , 

PLUS a choice of up to four 

of any of the three 

different type amplifiers (8) 

or any combination 

of these amplifiers 

with the 

SANBORN 
FOUR·CHANNEL 

OSCILLOGRAPH 
RECORDING 

SYSTEM 
(MODEL 67) 

As shown in the diagram, removing or interchanging any of the am
plifiers or other instruments is simply a maHer of sliding the unit in 

or out of the mounting rack where contact is made automatically by 
plug-in connectors. Screws at the four corners of the panel hold the 
instrument in place. 

Other features of this system which add to Sanborn VERSATILITY 
are the choice of eight paper speeds - 50, 25, 10, 5, 2.5, 1.0, 0.5 and 0.25 
mml sec, and the use of either 4-, 2-, or I-channel recording paper. 

And, of course there are these popular Sanhorn advantages: a high 
torque movement (200,000 dyne cms per cm deflection), direct illkless 
recording in true rectan.gular coordin.ates, and provision for code and 
time markings. 

Sanhorn Recording Systems may be used to record any one or more 
of a wide variety of phenomena whose characteristics range from static 
to 100 cycles per second. If your record-
ing prohlem is not one which can be 
solved by standard Sanborn equipment, 
our engineers will be glad to suggest 
ways in which modifications of it may 
suit your requirements. 

A complete catalog of Sanborn Indus
trial Recording Equipment will be sent 
gladly on your request. 

SANBORN 
COMPANY 
CAMBRIDGE 39, MASS. 

A 

TRIPLEXER-when coupled to a DC ampli

fier permits the recording of three events 

in one channel. 

THRESHOLD MONITOR provides means 

for the control of voltage levels or rate of 

change. 

B 

SERVO MONITOR AMPLIFIER-a phase 

discriminating AC amplifier used in servo 

design and testing. 

One channellUoocl 

128/141 abol'e Bnd two

c hannel Model 60 at 

right both incorporate 

San b o rn rec o r d ing 

a dvantages which in

clude interchangeability 

of amplifiers and (with 

l\JodeJ60) preumpliJicn. 

SANBORN 

1-, AND 2-CHANNEL 

RECORDING 

SYSTEMS 
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A Versatile Virus 
A disease 0/ asters lS caused by a IJlrUS that m,ultiplies In both 

the plant and the insect which il�fects it. This Inakes the virus one 

of the few pathogens COln111011 to the plant and ani111al kingdolns 

�OUT 30 years ago a mysterious 
disease blighted China asters in 
the New York area. The tracking 

down of this disease, called aster yel
lows, has been a classic piece of scien
tific detection. More than that, it has 
opened up a new field for the study of 
virus diseases. Aster yellows was found 
to be due to a virus transmitted bv an 
insect to plants. It was one of the

' 
first 

known cases of a virus infecting both a 

by Ka rl J\Ial'amorosch 

plant and an animal. The research on this 
virus has gone far toward settling the 
long-disputed question as to whether 
viruses are living organisms. 

Plants provide virus investigators with 
a peculiarly convenient laboratory tool. 
Many can be grown from cuttings to 
produce successive generations of plants 
genetically the same as the parent. Thus 
hundreds of virtually identical individu
als can be grown and tested in a uniform 

way-a control condition ideal for experi
ments but hardly available in animal re
search. Many studies have shown that 
plant, animal and human viruses have 
many basic aspects in common and may 
profitably be studied together. 

The story begins in 1922 when Colo
nel William Boyce Thompson saw the 
prize asters on his estate in Yonkers, 
N. Y., succumbing to the plague. The 
disease stunted the plants, deformed the 

CHINA ASTER suffering from aster yellows is in the 
pot at the left. Its flowers are distorted; its upper leaves 

are deformed and their veins yellow; it is stunted. In 
the pot at the right is a healthy plant of the same age. 
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flowers and destroyed their seeds or 
made them sterile. After futile inquiries 
as to a cause or a cure, Thompson de
cided that here was a great gap in knowl
edge. A determined man, he hired sev
eral plant scientists and created the 
Boyce Thompson Institute for Plant Re
search. One of the men he hired was 
Louis Otto Kunkel, a young plant pa
thologist just returned from three years' 
work for the Hawaiian Sugar Planters' 
Association. 

While in Hawaii Kunkel had discov
ered that a virus causing a corn disease 
was transmitted by an insect. In Yonkers, 
therefore, he collected and segregated 
the types of insects that feed on asters, 
tested them on healthy seedlings in a 
greenhouse, and soon discovered that 
aster yellows was transmitted by leaf
hoppers-those tiny, triangular insects 
one commonly sees hopping about on 
the foliage in a field on a summer's day. 
They feed by sucking juices from a 
plant through a slender, jointed beak, so 
fine that it can penetrate deeply into the 
plant's food-carrying cells without in
juring the plant. Kunkel showed that 
one, and only one, of all the species of 
leafhoppers feeding on asters carried the 
disease agent. It was the gray leafhopper 
Macl'Osteles fascifTOns. He also proved 
that the infecting agent was a virus. 

KUNKEL was immediately confronted 
with a puzzle. The aster, "an annual, 

does not live over the winter in the 
Northeast. Neither does the adult leaf
hopper. When the plant's seeds germin
ate and the insect's eggs hatch in the 
spring, they are free of virus. Where, 
then, does the virus spend the winter? 
He decided it must live through in some 
other host, probably a biennial or peren
nial plant. Investigation soon showed 
that plantains and daisies harbor the 
virus. Eventually it was learned that 
leafhoppers could transmit the same 
virus to members of more than 40 dif
ferent families of plants. It causes dis
eases called "carrot yellows" and "spin
ach yellows" and a disease of lettuce 
known as "white heart." A serious dis
ease of celery on the West Coast is 
caused by "California aster yellows" 
virus. The California virus, which is re
ported to be transmitted by many spe
cies of leafhoppers, last year made its 
appearance in Florida, where it had 
been carried in some gladiolus bulbs. 

Kunkel eventually found, during 
Colonel Thompson's lifetime, measures 
to prevent the aster yellows disease. In
secticides were ineffectual, because a 
single surviving leafhopper could spread 
the disease widely; but screening could 
protect the asters, and it is now exten
sively used by commercial growers. 

However, the virus itself, and its 
hosts, soon became the main interest of 
the investigators. For 10 years at the 
Boyce Thompson Institute, and after 
1932 at the Rockefeller Institute for 

Medical Research, Kunkel and many col
leagues pursued an intensive investiga
tion of various plant viruses. Along with 
the experiments on aster yellows went 
studies of the tobacco mosaic virus, 
which eventually led to the first isolation 
and crystallization of a virus by the 
Nobel prize winner Wendell M. Stanley. 
The work on these plant viruses paral
leled and aided studies of animal viruses, 
notably the virus of yellow fever, which 
was found to lurk in various species of 
mosquitoes and monkeys and in other 
animal hosts, just as the aster yellows 
virus infects many kinds of plants. At the 
Rockefeller Institute many specialists, 
including plant pathologists, chemists, 
crystallographers, parasitologists and mi
crobiologists, have worked together on 
the virus diseases of animals and plants. 

THE RELATIONSHIP of the aster 
yellows virus to its insect carrier was 

carefully studied. Experiments showed 
that leafhoppers may become carriers of 
the virus after feeding on diseased plants 
for a short time, sometimes less than an 
hour, but it takes from nine days to three 
weeks for the virus to incubate in the in
sects suffiCiently so that they can trans
mit the virus. Leafhoppers that have fed 
on diseased plants for two weeks all be
come carriers, but some are less effective 
transmitters than others. Once a leaf
hopper has incubated the virus, it re
mains infective throughout its lifetime, 
which averages about 65 days. A few 
good transmitters can spread aster yel
lows over a large area in a short time. 

Now it is obvious that a plant virus 
such as aster yellows must be able to 
multiply in the plant. But that the same 
virus could also multiply in its animal 
carrier had been a matter of much dis
pute up to this time. The first evidence 
that the aster yellows virus actually did 
multiply in the leafhopper came from 
certain studies of the effects of heat. 

From the beginning it had been evi
dent that the virus was sensitive to heat. 
Aster yellows usually appears about two 
or three weeks after asters are set out in 
the spring, spreads rapidly for four to 
five weeks, and then, beginning in June, 
slows down until September, when it 
spreads rapidly again. This behavior 
does not jibe with the activity of leaf
hoppers, which are relatively scarce in 
spring, become most numerous in sum
mer, and begin to decline in September. 
The changes in temperature were found 
to be responsible for the decline in 
spread of the disease during the summer. 
At about 75 degrees F. leafhoppers 
readily transmit the disease, but at 90 
degrees F. they soon lose the power to 
infect plants. The insects are more sensi
tive to heat than the plants, because they 
are much smaller and therefore more 
quickly warmed to the temperature of 
the air. 

After a few days of hot weather, a fall 
in temperature may restore the insects' 

Sperry Reflectoscope in use at the 
Ampco Metal, Inc .. plant, Milwoukee, Wis. 
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Ultrasonic 

REFLECTOSCOPE 
TESTING 

... because this fast, dependable, non-destruc
tive testing is now available through SPERRY 
INSPECTION SERVICE when you want it at a 
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ery inspections without the need for time 
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Quality Control is important. 
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NOW 
AVAILABLE 

Koppers 
Resorcinol, 

Derivatives 

ONCE again Koppers opens a fer

tile new field for laboratory ex

perimentation by making available 

to the research chemist for the first 

time, these Resorcinol derivatives. 

Two-ounce samples of any of the 

above chemicals will be sent to you 

free of charge upon request. Or, if 
you prefer, you may order them in 

larger research quantities at nominal 

cost. 

For further information write for 

our technical data sheets on these 

new Resorcinol derivatives. 

KOPPERS COMPANY, INC. 
Chemical Division Dept. SAC-63 

Pittsburgh 19, Pennsylvania 
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LEAFHOPPERS which transmit the virus are compared with the edge of a 
postage stamp. The first and third are male; the second and fourth, female. 

infectivity. However, they need an in
cubation period, ranging from a few 
hours to two weeks, for their surviv
ing virus to reach the same infective 
level again. When the hot spell lasts for 
two weeks or more, the leafhopper 
permanently loses its infectivity. Now it 
must feed on a diseased plant again to 
become infective. Experiments with 
varying periods of heat demonstrated 
that the longer the heat treatment, the 
longer it took the insects to regain in
fectivity. This certainly seemed to show 
that virus multiplied in the leafhopper; 
obviously the longer heat treatment had 
destroyed more virus and it took longer 
for the remainder to multiply to the in
fective level. The heat treatment was ap
plied as a cure for this and several other 
virus diseases. 

Further evidence that the aster yel
lows virus multiplied in the insect soon 
followed. It was made possible by the 
development of a mechanical method of 
infecting the leafhopper. As early as 
1920 the Polish scientist Rudolf Weigl 
had succeeded in injecting typhus 
rickettsia, organisms not much larger 
than some viruses, into lice by means of 
a very fine needle. But animal and plant 
virus research were so far separated that 
plant pathologists did not adopt this 
technique until the English investigator 
H. H. Storey discovered in 1933 that he 
could inoculate leafhoppers with a corn 
virus by means of a fine hypodermic 
needle. He demonstrated his technique 
at the Rockefeller Institute, and there 
Lindsay M. Black (now at the University 

of Illinois) applied it to inoculating the 
aster leafhopper with aster yellows virus. 

He ground up the bodies of infected 
insects and by centrifugation obtained 
a fluid containing virus. Then he injected 
the fluid into virus-free leafhoppers. The 
number that became carriers of virus 
served as a measure of the virus concen
tration in the fluid. Black found that the 
concentration increased with the length 
of incubation of the virus in the original 
insects which had donated the fluid. 
Here, then, was another indication that 
virus multiplied in leafhoppers. 

A few years later we showed in our 
laboratory that when measured amounts 
of virus are injected into leafhoppers, 
the time it takes them to become infec
tive to asters varies with the amount of 
the injection. A large injection (either in 
volume or in concentration of the virus) 
makes them infective in a short time; the 
smaller the injection, the longer it takes. 
The period of incubation ranges from 11 
to  38 days. This experiment makes clear 
that a leafhopper must develop a certain 
minimum amount of virus to become in
fective, and therefore that the virus must 
multiply in the insect. The method also 
afforded a convenient new measure of 
virus activity. 

In experiments using specially con
structed chambers kept at a constant 
controlled temperature, we found that 
reduction of the temperature to 40 de
grees F. arrested the incubation of the 
virus. 

Another test in this laboratory pro
vided final proof of multiplication of this 

) 
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a complete variety of 
sizes and types of Synchros and Servo Motors 

WHATEVER THE NEED 
CHOOSE KEY A Y! 

Available as liste(l 

1. SY���a�?';'i;;:�. �;c?i�;.lc:3::;�H;a�;I:�!e�r· 
2. INDUCTION �IOTOR. 0.0. 1.750". 3 phase 2 Pole. 

115 V; 60 Cycles 

3. SYNCHRO. Size 18, 0.0. 1.750", 115 V, 400 and 
60 Cycles (Transmitter. Receiver, Differential, 

Control Transformer) 
4. SERVO MOTOR, 0.0 .. 937", 26V, 400 Cycles 

5. SYNCHRO, 0.0. 1.437", 14.4 V and 26 V. 400 Cycles 
(Transmitter. Receiver. Resolvet. Differential, 

Control TTfllls/ormer) 
6. SERVO MOTOR Mk 7, 0.0. 1.437", 115 V, 400 

Cycles 

7. SYNCHRO, Type IF or IHG. 0.0. 2.250" 115 V. 
60 Cycles (Receiver, Transmitter) 

8. SYNCHRO, Size 31, 0.0. 3.10", 115 V 400 and 60 
Cycles (Transm.itter, Receiver. Differential, 

Control Trans/ormer) 
9. SYNCHRO, Size 23. 0.0. 2.250". 26 V and liS V 400 

& 60 Cycles (Transmitter, Receiver, Resolver. 

10. 

11. 
12. 

13. 
14. 

15. 

Differential, Control Trans/ormer) 
SYNCHRO, 0.0 . .  937". 26 V, 400 Cycles 

(Transmiller. Receiver, Resolver, Differential, 
Control Trans/ormer) 

LINEAR TYPE CONTROL TRANSFORMER, 0.0. 
1.625",26 V, 400 Cycles 

SYNCHRO, Size II, 0.0. 1.062", 26 V and liS V, 
400 Cycles (Tronsmifler. Receiver, Resolver, 

Differential, Control Transformer) 
SERVO MOTOR, 0.0. 1.062". lIS V, 400 Cycles 

SYNCHRO, Size IS, 0.0. 1.437", 26 V and lIS V, 
400 CycJes (Transmitter, Receiver, Resolver, 

Differential, Control Transformer) 
SYNCHRO, Size 19. 0.0. 1.90". lIS V, 400 Cycles 

(Transmitter, Receiver, Control Transformer) 

KETAY offers high precision rotary and instrument components 
for most every need in the Armed Forces and Industry. As 
the world's largest producer of government approved synchros, 
Ketay stands ready to solve your problems with a complete 
line of synchros, servos, magnetic amplifiers, computers 
and control systems. 

If you are searching for a specific size or type ... if availability 
is a problem ... if engineering counsel is needed ... 
Ketay can help. Why not join us for an exploratory discussion 
of your particular problem. Write today to Dept. L 

KINETIX INSTRUMENT DIV. 
RESEARCH & DEVElOPMENT DIY. 
PACIFIC DIVISION 
12833 Simms Ave., Hawthorne, Calif. 

Il.t·'�'!)t·S"iil;I_ ... of precision instruments, components, and systems. 
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How to fly 
a guided missile 

in your laboratory ... 
Practically any electrical, mechanical 

or physical phenomenon - even the 
full flight of a guided missile - can be 

precisely re-created in the laboratory 
from Ampex magnetic tape recordings. 

Ampex retains and plays back data in 
the same electrical form in which it is 

received, making its playback in effect 
equivalent to a rerun of the original 

test. But it has these added advan
tages: Data can be repeated at any 
time or place, can either be scanned 

or studied in whole or part, can be 

speeded up or slowed down, can be 
fed to automatic reduction systems. 
Furthermore, desired portions of the 
data can be reduced to oscillograph 

traces, pen recordings or any other 
form that could have been made at the 

time of the original test. 
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Ampex Tape Recorders, 
being rugged, compact and 
portable, are usable 
where other equipment 
would not be feasible; 
Ampex Tape Recorders 
cover extremely wide 
frequency range: 

• Model 306-
o to SOGO cycles/sec. 

• Model 307 -
100 to 1 00,000 cycles/sec. 

• Model 303 -
Pulse width modulation 

Many other models are 
also available. 

AMPEX ELECTRIC CORPORATION 
934 CHARTER STREET . REDWOOD CITY, CALIF. 

virus in the insect. The virus was passed 
by injection through 10 successive 
groups of leafhoppers. After the virus 
had incubated in one group for 30 days 
or more, the bodies of the insects were 
ground up and a saline solution was 
added to dilute their juice to one part in 
1,000. Small measured amounts of this 
diluted juice were injected into the next 
group. By the 10th group the original 
virus should have become diluted to one 
part in many, many billions-far too little 
to make them infective. Yet the tenth 
group turned out to have as much virus 
as the second! Plainly the virus must 
have reproduced itself in the successive 
groups of leafhoppers. 

No ARTIFICIAL method of injecting 
yellows viruses into plants has yet 

been found. Man-made hypodermic 
needles, far coarser than the leafhopper's 
proboscis, injure the plant cells. Besides 
this, the virus is obtainable only in low 
concentrations and is soon destroyed in 
the extracted juices. But there is a para
sitic plant called dodder which can 
transmit the aster yellows virus: grown 
on an aster, it takes up the virus and then 
can be transplanted to another plant to 
pass it on. Dodder is usefuf for trans
mitting aster yellows to plants only dis
tantly related to the aster and to those 
that are poisonous or unpalatable to leaf
hoppers. It also provides a way to infect 

l 

a convenient host for storing the virus. 
The host most commonly used is a peren
nial periwinkle of tropical Madagascar. 
By dodder transmission aster yellows in 
recent years has been transmitted to many 
plants never found infected in nature. 

Apparently the reason why only one 
known leafhopper species in the Eastern 
U. S. transmits aster yellows is that this 
is the only species in which the virus can 
multiply. Many viruses, animal and hu
man, show a similar specificity in trans
mission. Some of the studies on aster 
yellows may help in part to explain such 
specificity. We have tried to induce the 
aster leafhopper to transmit a virus 
which causes corn-stunt disease, and 
similarly to induce the leafhopper that 
carries the corn virus to transmit the 
aster yellows virus. But all our attempts 
to make a corn leafhopper into a vector 
of aster yellows virus, and vice versa, 
failed. Moreover, when we passed the 
virus of one leafhopper species through 
successive groups of the other, the virus 
soon disappeared. This demonstrated 
that a given insect's ability to incubate a 
certain virus may be a necessary condi
tion for specific biological transmission 
of that virus. Thus the spread of a virus 
may depend on its finding a suitable in
termediary for multiplication. 

Studies of transmission of aster yel
lows have been confined to leafhoppers. 
This is due not only to a lack of success in 

LEAFHOPPER magnified 25 diameters is seen from below in macrophoto
graph. The tiny white spot that appears slightly to the left of the center of its 
body is a bit of jelled saliva ejected from thin proboscis it inserts into plants. 
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($YN1lIAN� - making bigger payloads payoff 

Synthane bushings, spacers, and bearings 
in the landing gear of this giant of the 
skies share the landing shock loads 
of twenty-five tons. But Synthane parts 
have many virtues in addition to their 
ability to withstand the jolts of heavy 
landings. 

Parts made of this hard-working lam
inated plastic are unaffected by oils, and 
are dimensionally stable. They resist 
abrasion, and weigh half as much as 
aluminum. 

Because Synthane is so easy to machine, 

it is appropriate for fair-leads and cable
sheaves in control systems. Because it is 
an excellent electrical insulator, you will 
find it at work in engine ignition systems, 
flight instruments, automatic controls, 
and radar sets. Because Synthane is light 
and corrosion-resistant, it's used for the 
flapper valves in fuel cell baffles. 

Syn thane has all these properties and 
many more. It might be a good material 
for you to try. Start by sending for the 
complete Synthane Catalog. Synthane 
Corporation,

,
� River Road, Oaks, Penna. 

Synthane . . .  in Aviation 
A Propeller brush block base 
B Separator ring for propeller hub 
C Propeller brake plug base 
o Brush carrier 
E Card drum 
F Propeller brush block ba •• 

LAMINATED PLASTICS 
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and HAYDON 
measures it! 
The exact dimensions of a stainless steel 
cylinder can be measured with extreme 
accuracy. Adherence (0 close tolerances has 
played an important role in American in .. 
dustrial growth. 
Time too is a dimension thac can be 
measured with accuracy_ Its precise meas
urement provides the indispensable control 
without which many instruments, industrial 
processes and household appliances would 
not be possible. 

HAYDON at Torrington provides industry 
with devices for the accurate measurement 
and control of the time dimension in 
products ranging from timing motors for 
one-of-a-kind scientific apparatus (0 timers 
for mass-produced consumer products. 
HAYDON at Torrington is an organization 
of quality-conscious specialists in the many 
skills required for the application of the 
horological art to industrial requirements. 
Trained field engineers are backed by an 
engineering and factOry force devoted ex
clusively to the design and manufacture of 
synchronous motors. timing devices and 
clock movements. Their services ace at your 
command. 

'-TRADEMARK REG. U.S. PAT. OFF. 

HAYDON HEADQUARTERS FOR 

TIMING AT TORRINGTON 

HAYDON Mfg. Co., Inc. 
3730 ELM S TREET 

TORRINGTON, CONNECTICUT 

$ub.idiary of G ENE R A L TIM E Corporation 

84 

FINE GLASS NEEDLE is used to 
inject the virus into a leafhopper. 
At the bottom is the tip of a steel 
hypodermic cemented into the glass. 

transmission by other insects but also to 
the fact that in general only one group 
of insects will transmit a given plant 
virus. If a virus causes a mosaic disease, 
we expect the vector to be an aphid; if 
the disease is a true yellows type, we feel 
certain we should 'look among the leaf
hoppers. So far Western Europe is the 
only part of the world in which no plant 
diseases transmitted by leafhoppers have 
been reported, but from the general evi
dence it seems a fair guess that at least 
two diseases there are leafhopper-borne: 
a hop-nettle disease in England and a 
stone-fruit disease recently described in 
Switzerland. 

HOW DO viruses originate? There is 
no shred of evidence tha t they spring 

up spontaneously. Their geographical 
isolation, which is very similar to that of 
plant species, suggests that they are 

permanent magnets 
in new product 
designs . . .  for example 

in the transformation of 
mechanical to electrical 
energy. 

In such applications 
as generators, mag
netos, microphones ... 
permanent magnets are 
used to produce a mag
netic field--electrical 
energy being generated 
by the relative mechan
ical motion of conduc
tors with the magnetic 
field. 

If you have such a 
design problem, con
sult INDIANA for top 
engineering "know
how" in permanent 
magnet design that 
comes from experience 
with more than 35,000 
applications. 

Write for Manual No. 4-J6 @ 
THE INDIANA STEEL � PRODUCTS COMPANY (l 
Valparaiso, ia IttD � 

World's largest Manufacturer of Permanent Magnets 
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New Miniature THERMOSWITCH® control 
with many great uses 

1. WHAT ARE YOU WORKING ON? Is it a project where the 
temperature requirements are rigid but the size of the control 
must be miniature? Designed first for aircraft and airborne 
missiles of the future, this new Fenwal Miniature THERMO
SWITCH unit has the answer engineers seek ... adjustable . . . 

super-sensitive . . .  stable • . •  all in compact and rugged form. 

3. TWO TYPES • •  � SAME ADVANTAGES. (Shown actual size.) 
Contacts of both break with temperature rise. Fenwal 
Miniature THERMOSWITCH controls for electronic devices, 
precision instruments, aircraft, bearing or motor overheat 
alarms. Designed precisely for your miniaturization projects. 

2. MANY USES, MANY PROBLEMS SOLVED for designers now 
at work on modern or "tomorrow" projects. You can set this 
new Fenwal Miniature THERMOSWITCH unit anywhere within 
the range of OaF to 200°F. It can carry a 250 watt load and 
withstand vibrations up to 5 G's. Many other wanted char
acteristics up to now not available in devices of its size. 

(�;::l:�,.�$ 
'::�"7:::�� -_ ... ;: ;-"Gl 

... �I,'f :::�: :�'.,.�:.::�: .::.�! 
�E""" 
"'-f .... 
�'.-I!". 
"'-.:'" 

4. BULLETIN describes these new "Miniatures" in greater de
tail, gives engineering data. Fenwal's engineering staff is 
always ready to help in special temperature control projects. 
For bulletin MC-U4 pictured above write 
Fenwallncorporated, 306 Pleasant St., Ashland, Man. 

THBRM05WITCH® 
Electric Temperature Control and Detection Devices 

SENSITIVE . . .  but only to heat 
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de-lllnl' cent n. Her!. 

A substance capable of soothing 
an inflamed mucous membrane, 
or protecting it from irritation. 

Example: GLYCERINE! 
An important ingredient in cough 
medicines and similar pharmaceu
tical products is the demulcent. 
Manufacturers of leading cough 
remedies like Seeck & Kade's 
"Pertussin" and Pine Brothers 
Cough Drops rely on U. S. P. 
Glycerine to provide this soothing 
action. 

If you ' re developing a new 
product that will contain a demul
cent, be sure to check Glycerine. 

New Detergent Aerosol 
For example, a well-known drug 
manufacturer has developed a new 
detergent aerosol, containing 
Glycerine, which is reported to 
lessen respiratory difficulties in 
newborn babies. Glycerine and 
sodium bicarbonate act in synergy 
with the detergent. Together they 
create an alkaline medium for 
liquefying the mucus secretions 
which block the passage of air. 

Balance of Properties 
But Glycerine's demulcent action 
is only a small part of the story. 
You can count on versatile Glyc
erine to serve as-

humectant 
solvent 
plasticizer 
sweetener 

lubricant 
emollient 
suspending agent 
chemical intermediate 

In each of these uses, long-term 
evidence of Glycerine's safety and 
acceptability is on record. 

Booklets on the application of Glyc· 
erine in the drug and cosmetic, food, 
protective coatings, and textile {ields 
are available. For your copy, write 
Glycerine Producers' Association, 295 
Madison Avenue, New York 17, N. Y. 
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products of evolution, like higher organ
isms. In the past 30 years more than 200 
"new" virus diseases of crop plants have 
been discovered, but they may very well 
have come from wild plants, where their 
presence is not easily detected. Many 
such plants may harbor latent or masked 
viruses which show no visible symptoms 
until they infect new hosts. Similarly 
many species of insects may carry viruses 
which will cause more damage as they 
become more widespread. We are un
able to estimate the number of potential
ly destructive viruses that remain hid
den. In view of the many and often alter
nate hosts of viruses that have been un
covered by investigations into animal 
and plant diseases, it is only natural to 
fear that some of them, by combinations 
of chance and circumstance, may give 
rise to new virus diseases in man. 

Did the yellows viruses arise first in 
plants or in insects? Years ago the great 
U. S. bacteriologist Theobald Smith ob
served that paraSites which have lived 
a long time with their hosts generally 
reach an equilibrium in which they do 
not seriously damage the host. The yel
lows-type viruses apparently have 
reached such an equilibrium with the 
leafhoppers, which indicates a long, inti
mate association and makes it likely that 
these viruses originated as animal vi
ruses. An adaptation permitting them to 
multiply in plants may possibly have 
come about as a further step in evolution. 

IN ANY CASE, the ability of these 
viruses to multiply in such diversified 

hosts as plants and animals throws seri
ous doubt on the once prevalent idea 
that viruses are formed from large mole
cules already present in the host. It 
seems highly unlikely that the same large 
molecule precursor would occur in two 
hosts so unrelated as asters and leafhop
pers. Thus we have strong confirmation 
of the idea that viruses are living organ
isms. Kunkel stated the case cogently in 
a recent paper on the yellows viruses: 

"They are the most efficient parasites 
that we know anything about. ... They 
get themselves injected into cells by 
some of the finest and most efficient hy
podermic syringes known to man, the 
probOSCises of insects .. . .  The viruses 
pass quarantine lines very simply in 
masked carrier hosts. If they get into 
trouble because some plant they try to 
invade is immune, they mutate to pro
duce a virus strain that can attack this 
plant. .. . The plant viruses have wings 
to take them where they wish to go, 
wings that are guided in their Bights by 
the appetites of insects . . . .  When you 
add to all of these advantages the prop
erty of being invisible except under an 
electron microscope, you have what are 
truly superb parasites. Can anyone be
lieve that such well-adjusted and well
equipped parasites are of recent origin 
or belong in that level of organization 
characteristic of lifeless molecules?" 

\\ StiAuJ-�t AlIidPJ 
tWl id£ai M 0-

1�Mttnd." 
Sa<f4 H. H. SEAY JR., Vice·president 

and Sales Manager, Bell Sound System, Inc. 

Stereo-REALIST is used extensively in the 

engineering laboratory of Bell Sound Sys· 

tems, Inc. REALIST pictures of circuits and 

amplifiers in three dimension and full color 

not only show the actual physical wiring and 

exact location of parts, but also make it pos

sible to read the color coding on resistors 

which show their values and tolerances. 

Inasmuch as the need for detail drawings is 

eliminated, REAUST pictures effect a consider

able saving. They are particularly valuable as 

a record reference of custom-built units. 

The REALIST is ideal as a visible record of 

concrete fact. It has proved successful in a 

wide variety of fields in science and industry. 

REALIST pictures, because of their true-to-life 

depth and color, produce authentic reproduc

tions of the original scene or object. It's the 

perfect personal camera as well. DAVID WHITE 

COMPANY, 395 W. Court Street, Milwaukee 

12, Wisconsin. 

$159.00 (tax inc.) 

STEREoRealist 
TilE C;'MEllA TIIAT SEES TilE SAME AS }'UU 

.� ® Cameras, Viewt'f's, Projectors dlul �a ft � Accesso,.ies are prodllcls of tbe Dat'hl � IVhile Compal1Y, 2\iiJw(lIlkee 12, W'is. 
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PLANNING THE 

One significant solution lies in the 
extensive use of airborne automatic 
equipment, including electronic digital 
computers, to augment or replace the 
human element in aircraft control. 

A'I' HUGHES Research and Develop
ment Laboratories each problem is at
tacked basically, beginning with systems 
plalUling and analysis. This consists of an 
exhaustive examination of the require
ments of a problem, together with an 
evaluation of the best means for satisfying 
these requirements. The objective is to de
sign the simplest possible mechanization 
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consistent with a superior performance. 
These techniques, employing many 

special talents, are responsible at Hughes 
for the successful design, development 
and production of complexly interacting 
automatic systems for all phases of elec
tronic control of interceptor navigation, 
flight control, and fire control. Similar 
accomplishments may be pointed to in 
the guided missile field. 

Methods of systems planning and anal
ysis responsible for achievements in the 
military area are also being applied at 
Hughes to adapt electronic digital com
puter techniques for business data proc
essing and industrial controls. 

r------------------� 

Address: 
SOIEN'I'IFIO AND 

ENGINEERING STAFF 
HUGHES 

Research 
Ctdver City, Los Allgeles COlillty, 

Califomia 
alld Developmellt 

Laboratories 
I 
I 
I 

L __________________ J 

The complexity �r modem 
air defense-extreme aircraft 
speeds, highly complex weapOllS, 
new combat strategies, the advallced 
state of today's technology-poses 
serious problems for the 
scientist and engineer. 

Dr. E. C. Nelsoll (left), Head of Compllter 
Systems Departmellt, and J. H. Irving, 
Head of Systems Plarl/ling alld Allalysis 
Department, discuss a problem il1 the 
systems plmlllillg alld allalysis stage. 

Pl'-IYSICISTS 
AND 
ENGINEERS 

Hughes actilJities ill the compllter field are 
creatillg some lIew positiolls ill the Systems 
Plarlllillg alld Allalysis Department. Expe
rience il1 the design alld application of 
electrollic digital compllters is desirable, bllt 
flOt essetltial. Analytically illclilled physi
cists alld ellgilleers with a backgrollild i,l 
systems work are i'lVited to apply. 

ASSURANCE IS REQUIRED THAT 
RELOCATION OF THE APPLICANT WILL 
NOT CAUSE DISRUPTION OF AN 
URGENT MILITARY PROJECT. 
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The Opossum 
The pouched malnlnal lS adaptable) clean) unintelligent) weighs 

less at birth than a paper lnatch) gwes nse to as lnany as 25 
young In one litter and only occasionally de()ours its own tail 

T
HE OPOSSUM is probably the 
oldest living native mammal in 
America. It has been living here 

since the time of the dinosaurs, some 80 
million years ago. It has survived all its 
early contemporaries, including the 
dinosaurs. Thriving in the American en
vironment, early marsupials overran the 
continent and developed into a variety 
of forms-at least 1 1  genera. Then as 
higher mammals appeared and the com
petition became more rigorous, the opos
sums were reduced in North America to 
the single genus that now survives: 
Didelphis. 

Except for its larger size, the opossum 

by Harold C. Reynolds 

of today is almost exactly the same as 
its earliest ancestor. Despite the mil
lions of years that have elapsed, it has 
remained generalized in form and hab
its. This sets it apart from other living 
marsupials (mammals that carry their 
young in a pouch) of South America and 
Australia and from the higher mammals. 
As the most primitive of America's mam
mals it is often referred to as a "livip.g 
Cretaceous fossil." 

The white colonists in America found 
the opossum (as the Indians of Virginia 
had named it) unlike any creature 
known in the Old World. The English 
travel historian Samuel Purchas wrote in 

his Pilg'l'images in 16 16: "The Opassum 
hath a head like a Swine, a tayle like a 

Rat, as big as a Cat, and hath under her 
belly a bag, wherein she catTieth her 
young .... It hath the bodie of a Fox, 
handed and footed like a Monkey." 

Today's opossum is, in fact, about the 
size of a house cat, weighing at most 
about 10 pounds. It has very primitive 
teeth and a primitive opposable thumb 
on the hind feet, somewhat like a mon
key's. Its prehensile, almost hairless tail 
is scaly, very much like that of a rat. 
Generally gray, it has three other color 
phases-black, tan and white. 

As might be expected from the size of 

FEMALE OPOSSUM is photographed outside a hollow 
log with her young clinging to her back. Hollow logs 

are a favorite home of opossums. The photographs that 
are used to illustrate article were made by the author. 
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its brain-only about a fourth that of a 

house cat-the opossum is an extremely 
stupid animal. Its intelligence might bet
ter be compared with that of the reptiles, 
beyond which it does not seem to have 
evolved very far. Comparison of brain 
cases between the oldest known fossil 
and the present-day opossum indicates 
that it is probably no more intelligent 
than its earliest ancestors. It is even too 
stupid to make an interesting pet. 

The opossum is nocturnal. It goes 
abroad at dusk and returns to its den 
at daybreak. It is a solitary animal and 
rarely dens with one of its own kind 
even in captivity. Though it is regarded 
as extremely primitive, the opossum has 
an effective body-temperature control 
mechanism, which maintains its body 
heat at about the same temperature as 
man's. No hibernator, it is active all 
winter long. In cold climates males are 
more active during winter nights than 
females, but in neither sex has body 
temperature been found to fluctuate 
more than five degrees, even in the cold 
of a Nebraska winter's night. 

This ruggedness, plus its generalized 
living, feeding and breeding habits, 
have given the opossum great and in
creasing range. It is found all over the 
eastern half of the U. S. and recently 
has spread into Canada. In doing so it 
has returned to its original home, for the 
oldest fossils of opossums are in the 
north country. Man has also introduced 
opossums into California and Oregon, 
and they are thriving th�re. 

OPOSSUMS live in almost all con
ceivable places, including the busi

ness districts of large cities. Their fa
vored habitat, however, is a wooded 
area on the edge of a stream, pond or 
lake. They are usually found, in my ex
perience, within 750 feet of water. For 
an opossum's den almost any dark, dry 
hole or crevice will do: a rocky cavern, 
a trash heap, a squirrel's or wood rat's 
nest, a hollow log, a niche under the 
floor or in an attic. It lines whatever nest 
it finds with large quantities of dry 
leaves, paper, corn husks and other ma
terial. It picks up and carries this mate
rial in a curious manner, stuffing it into 
a loop on its tail. The opossum does not 
dig a hole of its own. If no ready-made 
den is available, it may build a nest on 
the ground or in a tree, using as a foun
dation the abandoned nest of some other 
animal. Though opossums go to great 
trouble in building a nest, most of them 
do not remain in it long; they seem to be 
predominantly nomadic, and few es
tablish a permanent home. 

The opossum's choice of food is al
most as generalized and catch-as-catch
can as its living quarters. Its chief diet 
is insects, but it will also eat almost any 
other animal material available, includ
ing snails, fish, frogs, lizards, snakes, 
birds and the flesh of dead mammals 

YOUNG OPOSSUMS are photoo-raphed in the pouch. In the first picture 

they are a day old; in the second 
°
picture, 46 days old; in the third, 64 days. 
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such as cows, horses, cats, dogs, raccoons 
and skunks. Some opossums develop a 
taste for chicken eggs and even for the 
hens, but this is rare. They may also 
eat fruits, berries and, in winter, corn 
and acorns. The opossum has the repu
tation of being highly cannibalistic, but 
this is false. Although they occasionally 
eat one another or even chew off their 
own tails, they do so only when they 
are starving or have a dietary defiCiency. 
I once raised 74 opossums together in a 
pen 14 feet squa�e with no occurrence 
of cannibalism or tail chewing whatso
ever. 

T HE opossum's most distinctive fea-
ture is its method of reproduction, 

the most primitive found among Ameri
can mammals. Breeding begins in Janu
ary or February, the time varying with 
the latitude. The breeding season lasts 

from eight to nine months, during which 
most females rear two litters. The female 
is in fertile mating condition for a period 
of only about 12 hours at monthly in
tervals. The male woos her with a pe
culiar clicking sound. If he smells an
other male nearby, he may do a fighting 
dance, twisting and kicking his hind 
feet while dragging his tail on the 
ground. After the mating the male and 
female go their separate ways. 

The gestation period in opossums is 
very short. The embryos are not equip
ped with the highly developed placenta 
and umbilical cord for transfer of nu
trients and wastes found in higher mam
mals; they complete their natal develop
ment in the mother's exterior pouch. 
According to my observations the gesta
tion period is 13 days, plus or minus six 
hours. Contrary to an old mistaken idea 
which still appears in some zoology texts, 

TEN OPOSSUMS 60 days old are shown outside their mother's pouch in the 
top photograph. In the bottom photograph they are all inside the pouch. 
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MOUNTED IN PANEL 

30· FOLDING BRACKET 

Better Meters Made Easier To Use. Recent years have seen major advancements in tbe 
performance characteristics of electrical indicating instruments. These advancements include 
Marion's pioneer work in the fields of hermetic sealing and ruggedization. They have made the 
electrical indicating instrument of today an extremely reliable device. 

However, very little attention has been paid to the bio-mechanical problems as!loc:lal:eq(W,)"ln 
proper use and interpretation of the intelligence presented by the instrument. As the Jicrn:pj,E,irity 
of application, particularly in the multi-scale type has grown, it has become 1ll,ore,aS'lll':1'y 
sary to attack and solve these human error problems. 

The Marion Multi-Dialer was developed to provide a multi-scale instrument 
one scale to view at a time. At the same time, it automatically switches the apprlDIP:nale 
or external circuitry associated with that scale. 

The Multi-Dialer may be used as a panel 
to standard JAN-3Yz" dimensions). It is also practical as a com
plete, self-contained, portable instrument for field or laboratory 
use. Its ingenious combination handle and stand makes it con-
venient to use on or above the bench. 

Marion Electrical Instrument Company 
416 Canal St., Manchester, New Hampshire 

-Trade Mark Copyright 1953 Marion Elee. Instr. Co . 

• 

marion m 

The Marion Multi.Dialer Model MD-l 

shown here (ruggedized movement) is 

available with five self.contained ranges 

in volts, milliamperes, microamperes 

and amperes. It is also available custom. 

engineered to your end-product so that 

it may be installed on your panel and 

when appropriate scale is selected it 

will automatically insert the instrument 

with appropriate accessories into five 

separate measuring circuits and/or 

ranges in your equipment. 

MANUFACTURERS AND "REGULAR" METERS AND RELATED PRODUCTS 
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Koppers 
\)\) �\:!J � � ® [1@(}O 

Polystyrene 
is your best solution! 

"EVENGLO" POLYSTYRENE can solve your 
lighting fixture problem best because it 
gives you more optical and mechanical ad
vantages than any other material com
monly used for fluorescent fixture applica
tions. 

"Evenglo" is optically superior because 
you can specify the color tone of light, 
degree of brightness and amount of diffu
sion desired, and you can be sure your 
specification will be maintained exactly in 
every "Evenglo" panel. "Evenglo" has a 
high heat distortion temperature whic? 
gives it a decided advantage over competI
tive polystyrenes. "Evenglo's" unrivaled 
combination of easy moldability, dimen
sional stability, light weight, ease of fabri
cation and low cost makes it a desirable 
choice over other plastics and glass. 

Koppers application engineers will be 
glad to demonstrate the versatility of 
"Evenglo" Polystyrene and to recommend 
the "Evenglo" formulation that fits your 
specific requirements. 

WRITE FOR FREE BULLETIN C-2-162. It con
tains technical data about IIEvenglo's" phy.sical 
and optical properties, and outlines its scope of 
usefulness in the lighting field. 

Koppers Plastics Malee Many Products Better 
and Many Better Products Possible 

KOPPERS COMPANY, INC. 
Chemical Div., Dept. SAP-63, Pittsburgh 19, Pa. 
Sales Offices: New York ' Boston ' Philadelphia 

Chicago . Detroit . Los Angeles 
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OPOSSUM'S NEST was photographed by the author in Missouri. Suspend
ed from the branches of a tree, it was four and a half feet in length. 

the mother does not place the newborn 
young in her pouch. They crawl there by 
themselves. Inasmuch as opossum birth 
is an unusual phenomenon, it is worth 
some detailed description. I have closely 
observed the birth of four litters. 

After labor pains begin, the mother 
opossum folds her ears against her head, 
draws her tail forward between her legs 
and sits in this posture, balancing her
self on one extended foreleg and her 
spread hind legs. Within two and a half 
to 12 minutes she gives birth to the en
tire litter, varying from four to as many 
as 25 young. A newborn opossum is 
tiny-only about half an inch in length 
and about the weight of a paper match. 
If a human baby at birth were as small 
in proportion to its mother, it would 
have about the weight of a nickel. 

Blind, . hairless, without a normally 
functioning mouth, tail or hind legs, the 
baby opossum at birth has a well-devel
oped pair of forefeet, equipped with 
sharp claws for the important function 
of pulling itself up into the mother's 
pouch. The emerging young swing their 
forelimbs like swimmers, grabbing at 
the first thing they touch. For the for
tunate ones this is the mother's hair. 
Their forefeet are so small that they can 
grasp only a few hairs at a time. Pulling 
themselves hand over hand, they climb 
rapidly up the mother's belly to the 
pouch. Because of the mother's sit
ting position, they have only a short dis
tance to travel-only four or five centi
meters, about three or four times their 
own length, from vulva to pouch. None
theless, the speed with which the blind 

infants make the journey is remarkable. 
I timed one with a stop watch: it made 
the trip in 16.5 seconds. Sometimes two 
of the newborn opossums advance side 
by side, almost as if they were racing 
to the pouch. 

But the start of the journey is a criti
cal point. Some of the newborn are en
tangled in the fetal membranes and fail 
to reach the pouch. When several are 
born simultaneously-and they may 
emerge in groups of as many as six or 
eight at a time-they get in one another's 
way and attempt to grab each other 
instead of the mother's hair. In one case 
all of six young emerging together fell 
to the ground. Of the 57 young born to 
the four females I observed, only 34, or 
60 per �ent, reached the pouch. Those 
that failed to do so were lost. 

The
' 

mother apparently gives the 
climbers no help. Sometimes she licks 
them as they climb, but this seems to 
slow them down rather than help them. 
Occasionally she may lick the ones that 
have fallen on the floor, but she makes 
no attempt to pick them up. 

Even after the young have reached 
the pouch, they are still in peril. Of the 
13 nipples that most female opossums 
possess, apparently only seven to ten are 
usually functional. A nipple can support 
only a single infant. The reason is that 
the nipple soon becomes enlarged in the 
mouth, and, like a ball in a socket, it 
"buttons " the infant to the mother. There 
the young opossum remains for about 40 
days, and no other individual can get to 
the nipple to take a turn at nursing. 
Hence if there are more young than 
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How many research hours in a day? 

In addition to a complete line of 
instruments for measuring and 
controlling temperature, flow, and 
dozens of other variables, Honey
well offers these special ElectroniK 
instruments of interest to re
search men: 

Function Plotter: a u t o m a t i c a l l y  
plots the relation o f  two inde
pendent variables. 

Two-Pen Recorder: s i m u I ta n  e
ously measures two variables on a 
single chart. 

Extended Range Indicator: featur
ing automatic range-changing, 
readable to one part in 5000. 
Narrow Span Recorder: measures 
spans as narrow as 100 micro
volts, without external pre-ampli
fier. 

Brown Electrometer: m e a  s u r  e s 
currents as low as 10_15 ampere. 

High Speed Recorder: features 
pen speed of only one second for 
full scale travel. 

OBSERVING tests, measuring critical conditions,· collecting 
data, plotting curves ... the routine labor of research 
takes a lot of time out of each day ... each week ... 
each month. 

You'll find that ElectroniK instruments can save countless 
scientific man-hours by doing all these laborious but 
essential jobs for you. They free highly trained scientists for 
more important work ... giving them an opportunity to 
use their brainpower most effectively. And these instruments 
do the routine work faster, more accurately than 
could be done by human hands. 

ElectroniK potentiometers are accelerating the pace of 
research in academic and industrial laboratories, atomic 
energy projects, pilot plants, and test centers throughout 
the world. For a discussion of how they can help your 
own research programs, call our nearest engineering 
representative ... he is as near as your phone. 

MINNEAPOLIS-HoNEYWELL REGULATOR CO., Industrial 
Division,4580 Wayne Ave., Philadelphia 44, Pa. 

REFERENCE DATA: Write for Research Bulletin 15-14, "Instruments Accelerate Research" ... and for Data Sheets on specific instruments. 

Honeywell 
B ROWN IN ST R U M E N TS 

H 
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can we 

close your 

loop? 

S I M U LATORS bring operational 
testing into your laboratory. Simu
lators by Hillyer generate a signal 
that has the characteristics of the 
antenna and the numerous factors in 
radar propagation. You can control 
such conditions as antenna beam 
wid th and scan, pulse repetition rate, 
side lobes, and transmitter power as 
desired. Thus you can determine 
theoretical optimum characteristics 
before final design and manufacture. 

FOR FI RE CONTROL and other 
radar system evaluation, we can 
"close your loop". Hillyer simulator 
components incorporate the radar 
parameters s·uch as target reflectivity 
and motion, and range attenuation. 

BY adapting these simulator building 
blocks we can supply you with a 
"package" to meet the particular 
requirements of your system. 

HILLYER h a s ,  in a d d i t i o n  to the 
simulator components, an intimate 
knowledge of fire control radars
your assurance of peak performance 
at minimum cost. 

Equipment eval uation pay s off
especially in the laboratory during 
development. We'll be gl ad to discuss 
rada r simulator s ·with you.· 
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54 Lafayette Street 
New York 13. N. Y. 

functional nipples in the pouch, the sur
plus must perish. In the birth of 25 that I 
observed, eight became attached to nip
ples even before the entire litter had 
been born. Of the 19 that reached the 
pouch, 1 1  never succeeded in locating 
nipples. One of these survived for 14 
hours after birth. 

THE FEEDING young grow rapidly, 
but it is two months before they at

tain a stage of development comparable 
to that of most higher mammals at time 
of birth. The young opossums cannot 
even open their mouths properly until 
they are at least eight weeks old, and 
the eyes.of some do not open until they 
are more than 10 weeks old. After their 
eyes and mouths have opened, they may 
lie outside the pouch if the den is warm 
enough, but they crawl back into the 
pouch at night before the mother leaves 
the den to feed. A mother that carries a 
large litter can hardly walk now. She 
must tolerate this, however, until the 
young are about 12 weeks old, because 
their delayed development of body
temperature control would result in 
chilling if they were left alone in the den. 

After 12 weeks the young nurse from 
outside the pouch. They stay at home 
in the den at night unless the mother 
signals to them to come with her on her 
nocturnal forays. If she makes a click
ing sound, they go along, riding on her 
back or running beside her. The clicking 
is a behavior pattern which apparently 
holds the family together. 

After weaning, which takes place at 
about 14 to 15 week�, young opossums 
may remain with their mothers for some 
time, seemingly of their own volition. 
They must fend· for themselves, how
ever. I have never seen a mother bring 
her young food or show them where to 
get it. On the contrary, females often 
take food away from their young. 

Unlike other young mammals, young 
opossums behave like miniature adults 
from the time they are able to walk. 
Among some 200 opossums I have raised 
I have never seen anything that might 
be interpreted as play. They are all busi
ness from the start. At weaning the 
young are about the size of large labora
tory rats, and thenceforth show a varia
ble rate of growth. Females may begin 
bearing young three months after they 
themselves are weaned, but males are 
not sexually mature until about eight 
months of age. 

N" 0 OTHER mammal has inspired 
more folklore (most of it erroneous) 

than the 'possum. Contrary to popular 
belief, opossums do not sleep or feed 
hanging by their tails from limbs of 
trees, nor do they swing from branch to 
branch by the tail. They do use the tail 
while climbing to catch a branch mo
mentarily if they slip. Sketches of young 
opossums and even mounted museum 
specimens often show them with their 

tails wrapped around their mother's, but 
they have never been seen in that atti
tude in nature. The notion that the 
young are born through the mother's 
nose or grow out of her nipples is sheer 
fable. Opossums are accounted to be ex
tremely dirty and smelly animals, but 
actually under favorable conditions they 
keep themselves as clean as a house cat. 
At one time I kept 125 opossums just 
outside the windows of a home-eco
nomics cooking laboratory with no com
plaints. While opossums do have a dis
tinctive odor, it is no more pronounced 
than that of dogs or most other mam
mals. 

The question often arises as to why 
most marsupi.als have become extinct in 
competition with placental mammals, 
and why the opossum, which has re
mained practically unchanged down the 
ages, has been so successful. The usual 
answer to the first part of the question 
is that the marsupial type of reproduc
tion is inferior to the placental form. 
Actually there is no proof that marsupial 
reproduction, as illustrated by the opos
sum, is inferior so far as survival value 
goes. Although the young are born at a 
premature stage and many are lost in 
migration to the pouch, the survival 
rate of an average of seven to nine per 
litter is nonetheless high. Moreover, the 
pouch acts as an incubator, its flap has 
the ability to stretch and cover the young 
as they grow, and it offers mechanical 
protection, even allowing the mother to 
swim without wetting the young. The 
opossum's early breeding age and its 
ability to rear two litters a year give it 
a high reproduction rate. 

The opossum has been favored by 
other gifts for survival. It can neither run 
fast nor fight well, nor is it an agile 
climber, but its habit of feigning death 
("playing 'possum") when attacked pro

tects it. Moreover, its flesh apparently is 
unpalatable to predators. I have yet to 
find a single animal that conSistently 
feeds on opossums. A common statement 
is that not even a starving dog will eat 
one. 

In my opinion the most important fac
tor contributing to the opossum's sur
vival is the fact that it has remained 
generalized. It has not become special
ized in choice of habitat, dens, foods or 
in other behavior patterns. As a result 
the opossum has been able to withstand 
any competition it has encountered with 
other animals, including man. Had it 
become specialized for a particular type 
of habitat, den or food it probably would 
have been forced into competition with 
some more intelligent placental mam
mal that had specialized in the same 
way. By remaining generalized it has 
avoided any serious competition. Other 
North American marsupials may have 
become specialized and therefore lost 
out in the race. But the opossum, though 
stupid, has survived and probably will 
continue to do so. 
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THE MOST COMPLETE 
LINE OF WIRE-WOUND RESISTORS 

ON THE MARKET 

Whatever your resistor needs ... chances are 
there's an Ohmite resistor "tailored" exactly to the 
job. For the Ohmite line includes literally hundreds of 
units covering a wide range of types and sizes. There are 
fixed, tapped, adjustable, precision, and non·inductive resistors, 
with many types of terminals and mountings in a variety of ratings. 
Regardless of the particular unit you need, you are assured of 
the special design and construction features that have earned 
Ohmite's reputation for unsurpassed dependability. 

Write on Company Letterhead 
for Catalog No. 40 

Ohmite Manufacturing Co. 
4808 Flournoy Street 

Chicago 44, Illinois 

FIRST IN WIRE-WOUND RHEOSTATS AND RESISTORS 
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On new super-highways, RCA microwave and 
RCA mobile radio help control traffic flow, 
help police trap lawbreakers-just as conser
vation officials use it to catch poachers, or 
to warn against the danger of fire and flood. 

RCA microwave helps oil companies move 
oil through pipelines, gives power companies 
better control of current, is used in mining, 
lumbering, and by the fishing industry. 
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On towers 20 to 35 miles apart, "dishes" 
like this direct microwaves in a straight 
line-relay them at the speed of light. 

Out of this "dish" 
come service and safety 

Like a pole line in the sky, the RCA microwave system gives 
industry, business, transportation and police, a new, more efficient 
means of communication. 

Needing no wires, economical to install and maintain, RCA 
microwave is "weatherproof." Wind and rain almost never affect 
its performance while, obviously, ice won't form on a mdio beam 
to put it out of action. 

Useful wherever man must communicate with man, or control 
industrial operations, the increased efficiency of microwave is 
another example of RCA leadership in research and engineering. 
Such leadership gives you better value in any product or service 
of RCA and RCA Victor. 

TV NETW O RKS THAT SPA N  THE C O NTI NE NT ARE MADE 

POSSI B LE BY MIC R OWAVE RADI O RELAY STATI O NS 

RADIO CORPORATION OF AMERICA 
World leader in radio -first in television 
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QUICKSAND 
A brief account of -where it occurs and ho\v to get out of it. 

The principal point to remember ,\Then mired: lie do\vn on your 

back so as to float atop the sand as you ,vould on the - ,vater 

Q
UICKSAND is not a word thn.t 

one hears often nowadays. The 
malevolent phenomenon figured 
prominently in the landscapes of 

19th-century romances (where it was 
trequently a convenience to authors 
needing to dispose of unwanted charac
ters) and in the pioneering of the U. S. 
'Vest. In our day of the automobile and 
paved roads few people ever encounter 
it. Yet quicksand is as prevalent as it 
ever was and may be the more danger
ous for being less familiar. As a scientific 
study it offers many points of interest, 
not the least of which is the correction of 
some of the romantic misconceptions 
about it. 

I shall discuss here the most common 
form of quicksand, that found along the 
shores and in the beds of rivers. It is 

by Gcranl H. "'hubes 

simply sand supersaturated with water 
under pressure from beneath, as from a 
spring. A model of it can be made in a 
tub fitted with a water pipe leading into 
the bottom of the tub. The water flowing 
into the sand permeates the spaces be
tween the sand grains and, by separating 
them slightly, makes the sand's bulk 
swell. When the water pressure from be
low equals, or a little more than equals, 
the weight of the sand, the sand becomes 
"quick." The grains, being suspended 
and frictionless, will not support a 
weight, and any object placed on the 
surface at once begins to sink. How fast 
it sinks will depend on its weight and the 
extent of its surface area, as well as on 
the kind of sand. 

It was long believed that only sand 
composed of round, small, uniform 

grains could form quicksand, but this is 
not so. Any kind of sand, even with 
coarse, angular grains, can be quick 
when it is saturated with water under 
pressure from below. Sands composed of 
fi

'
ne, rounded grains do, however, be

come quick more readily than coarser 
types, because the spaces between the 
grains are more uniform and slower to 
lose water to the surrounding mass of 
firm sand. 

Quicksand is nearly always confined 
to a relatively small area where the un
derlying spring maintains pressure. In a 
sandy river bed the water drains away 
from the quicksand area through the sur
rounding sand. Extended quicksand 
areas are found only where spring water, 
under weak pressure, issues from a fis
sure in the side of a cliff extending for 

QUICKSAND EXPERIMENT shows how ordinary 
sand becomes quicksand. A barrel full of sand is fitted 
at the bottom with a water inlet. When the water is off, 
die flatiron rests securely atop the sand (left). When 
the water is turned on and a weak pressure maintained, 

the sand swells and its grains separate; the flatiron 
sinks (center). When the water is turned off again, the 
sand settles and squeezes the water to the surface; 
though it is wet and slightly larger in volume than 
before, it readily supports a second flatiron (right). 
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Quicksand is formed by spring water issuing from a pervious stratum 

Quicksand is formed by spring water issuing from a rock stratum. The sun bakes a thin crust on the sand 

Quicksa.nd is formed in the middle of a river bed by artesian flow from water-bearing rock below 
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some distance parallel with the stream. 
QUIcksand cannot exist where the water 
in Bow is large in volume 01' under high 
pressure. In such cases the bed sand, in
stead of becoming "quick," is washed 
away and deep holes are formed in both 
the bed and the bank. 

Quicksand is uncommon in Bat coun
try, where there is too little gradient to 
produce springs. It is also rare in rivers 
that run in gorges or canyons through 
hilly country. Deep cuts of that sort per
mit the ground water, which might 
otherwise collect in the rocks and build 
up spring pressure, to drain directly into 
the stream. Quicksand is likely to occur 
in hilly country, especially where the 
rocks are limestones and dolomites. 
These formations harbor caverns and 
channels and are notorious producers of 
springs. Rivers cut through any rocks 
are apt to contain springs in their banks 
and beds. Quicksand will form along 
their courses in three situations: above 
water level along the shores of streams 
of all sizes; under water, usually near a 
bank but occasionally in midstream; oc
casionally in the bed of an apparently 
dry river. The diagrams on the opposite 
page show these typical quicksand 
formations. 

I· TOW DOES one detect quicksand? It 
:-J cannot be done by the eye alone, 

for a sand which is to all appearances 
perfectly firm may suddenly collapse 
and trap anyone who ventures out on it. 
This is particularly true when the top 
sand has become dry and crusted in the 
sun. In such cases a fast walker can 
sometimes get across, but anyone fol
lowing in his footsteps is almost certain 
to be caught. The only way to be sure 
is to test the sand before walking on it. 
Anyone who walks along the edge of a 
sandy lake or along a sandy river course 
where the sand may be quick should 
carry a pole or long stick (a cane is use
less) for test probing. This precaution 
is especially important when a stream is 
to be forded, for one almost instinctively 
chooses a spot where a pleasantly 
smooth stretch of sand interrupts an 
otherwise rocky or muddy channel. Re
peated stamping with the feet will help 
to determine the limits of the danger 
area, though this method may cause you 
to reject a route which is in fact safe. 
Any thoroughly wet sand, especially 
one composed of small, round grains, 
will quake a little when sufficiently 
stamped upon, but it may be perfectly 
fordable. It is not easy to distinguish 
such a sand from the quick variety. By 
far the most satisfactory method of de
tection, particularly when a more or less 
permanent path is being mapped, is to 
drive long stakes into the sand with a 
maul. Pronounced quaking will identify 
it as quickened. 

Certain clues are a help in doubtful 
cases. If there is clay in the sand, the 

Does your plant 
have a smoke or 
fume problem? 

. . .  THEN YOU NEED A 

BENDIX-FRIEZ AEROVANE* 

One of many Bendix
Friez precision instru
ments fnot are solving 
many importont prob
lems for industry. 

This finely-precisioned instrument pro

vides a continuous, accurate, electrically
written record of wind direction and 

velocity. It offers you the scientific way 

to get data that's indispensable for working 

out smoke and fume control most effec

tively. Every day Bendix-Friez weather 

instruments ... the accepted standard of 

comparison . . . are proving that they 

can perform more and more valuable 

services for industry. Let us demonstrate 

how we can help you. *REG. u.s. PAT. OFF. 

FRIEZ INSTRUMENT DIVISION of 
1422 Taylor Avenue . 8altimore 4, Maryland 

Export Sote,: � 
Bendix 'nterncational DiYis-ion,�72 fifth Avenue, New VOlk 11, t".Y. AVIArtON CORPOIlAJlON 

r' Have you ever seen Saturn's Rings? 
Or the moons of Jupiter, the Great Nebula in Adromeda. 
or the craters or mountains of the Moon? To merely read 
about the Univers& is to deprive yourself of the intellec
tual excitement of exploring the vast r,eaches of space. 
UNITRON Telescopes have been chosen by leading 

universities and amateur astronomers for their outstand
ing quality and proven performance. UNITRON values 
cannot be duplicated! Sizes from 1.6" to- 4" with alta
zimuth or equatorial mounting. 

Prices Irom $75-$890. 

2.4" EQUATORIAL REFRACTOR 
Objective: Coated 60mm. (2.4") diameter, 900mm 
(35.4") local length. 1/15. 
Eyepieces: IOOX. SOX • • 3SX included. ISOX. 129X 
and 72X available at extra cost. 
Complete with the equatorial mounting and slow
motion controls, tripod, view finder, star dia
gonal, erecting prism system for terrestrial ob
servation, sunglass, wooden cabinets. 

Express coiled Only $225. 
Fully Guaranteed 

25% deposit required on C.O.D. Shipments. Send check 
or money order or write for illustrated literature 
describing alt models to Dept. SA-6 

Uuted SUe� eO. 
204·206 MILK STREET, BOSTON 9, MASS. 

of aU kinds can be easily solved on the 
BINARY CIRCULAR SLIDE RULE 

This rule will quickly sol,e the simplest as well as the 
Illore difficult problems im'ol.ing calculations in Arith
metic, Algebra and Trigonometry. Any number of fac
tors can be handled in long and difficult calculations. 
'.rhe C scale of the Binary is 2.i inches long with gradu
ations 25% further apart than those of a 20-inch slide 
rule. 'l'he Cl. A. K, & Log scales are divided as closely 
as a 20-inch slide rule. Log-Log scale extends from 
1. 0015 to 1,000,000. Gives Trig. functions from 0 to 90 
degrees on back. Engine-divided scales yellow and black 
on white coated aluminum. Permanently accurate. Dia. 8%". Price $8 . .i0 in case, with instructions. ADI)rO\"l�d 
at leading Unl\'. Used by many large firms in the U. S. 

NEWL Y IMPROVED 
ATLAS SLIDE RULE 

The Atlas Slide Rule will quickly sol.c problems in 
:\Iultiplication. Division, and Proportion and gil'e re
sults with a maximum error of less than 1 in 36,000. 
The Atlas has two C scales. One is 25" long and the 
sc('ond one is a spiral of 2;) coils. This is e(lui,alent to 
a straight rule 60 flo long and gives answers to 5 
figures. 

Chemists, Physicists and Engineers ha,'c found this 
rule innluable for its great accuracy. Dia. 8%". Easil.\' 
portable. White coated aluminum wIth legible black and 
rcliow scales. Price $11.00 !Il case with instruetions. 

Combination Atlas-Binary Slide Rule 
Has Atlas front scales on one side with 2 indicators, 
Binary front scales on re\'erse side with 2 indiClltors. 
No Tr:g-. scales. l\Iade of metal. permanently accurate. 
Price $15.00 in case with insb·uctlons. 

Descl'iptive circulars free. Satisfaction guaranteed. 

GILSON SLIDE RULE CO. 
Box 993 SA, Stuart, Fla. 

Slide Rule Makers since 1915 
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• You can obtain custom-cut felt parts from 
American, ready for assembly. Gaskets, 
washers, seals, wicks, discs - any shape you 
need, with tolerances to meet your specifi
cations. 

QUICK DELIVERY - American operates four 
strategically-located cutting shops at: Glen
ville, Conn., Detroit, Mich., Los Angeles and 

RUGGED 
CONSTRUCTION 

FOR 
SUPERIOR 

PERFORMANCE 

• Copper- cadmium-dichromate finished case. 
• Black satin onodized aluminum bezel. 
• Excellent shielding due to case material and con

struction. 
• Double strength clear glass. 
• Glass to metal seal under controlled humidity and 

temperature conditions. 
• D'Arsonval permanent magnet type movement for 

DC applications. 
• Magnetically damped, moving iron vane type 

movement for AC applications. 
• Available in Ph" square, 21h" and 31h" round case 

types. 
• Guaranteed for one year against defective work

manship and materials. 
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Burlington "Hermetically Sealed'" Instru
ments are designed to conform to JAN 

and MIL specifications. 

BURLINGTON INSTRUMENT 
COMPANY 

DEPT. S-63, BURLINGTON, IOWA 

AmericanFelt 

�, 
GENERAL OFFICES: 

58 GlENVILLE ROAD, 
GLENVILLE, CONN. 

San Francisco, California. Prompt shipment! 

QUALITY - American produces felt to exact 
specifications, uniform in density, blend, 
thickness, strength. We win cooperate with 
you in designing felt parts and specifying the 
right felt for commercial or government 
applications. 

QUOTATIONS - Write to above address. 

• Every Dexter gear held to AGMA precision tolerances for 
total composite error 

• Individual Conju·Gage tape record furnished with every 
Dexter gear 

• Every Dexter gear individually packaged in corrosion-proof 
container for transit 

• Personal consultation on your gear problems 

• Deliveries on schedule 

Let us quote on your fine pitch precision instrument gear 
requirements. 

Dexter 
MACHINE PRODUCTS, INC. 

CHELSEA, MICH., Box 328 
Detroit WE �-'.694-CM/uta 2-1791 

footing will be safe. A clayey sand may 
mire a vehicle but can be crossed with 
impunity by a pedestrian. Swiftly run
ning water also is evidence that a stream 
bottom is sound. Here, .however, the 
traveler may encounter a "near quick
sand." When a layer of coarse sand over
lies a layer of fine and thoroughly satu
rated silt, the spaces between the grains 
of sand sometimes fill with the silt and 
form a crust. Anyone who walks on it 
will break through the. crust and through 
the silt beneath. Although the sensation 
is alarming, the drop to firm bottom is 
rarely more than a foot, usually a matter 
of inches. 

In true quicksand a trapped pedes
trian soon sinks to the depth of his knees 
and will sink further if he stands still or 
struggles wildly. He must act promptly 
and with purpose. He should at once lie 
on his back and stretch out his arms. If a 
companion is at hand to help him out, 
his situation is not usually serious. Con
trary to popular notion, quicksand does 
not suck objects down, and even at its 
worst it will support a great deal more 
weight than water alone. 

Rescuers may build a platform on the 
sand from which to extricate the victim. 
For this almost any material at hand will 
do: boards, fence rails, brush, branches, 
a large piece of canvas or a ladder. In 
arid regions sagebrush offers good sup
port because of its sturdy branch system. 
The mired person must be pulled out 
slowly and gently, for the sand holds its 
prey tightly and he may be badly in
jured. 

A SOLITARY traveler who stumbles 
into quicksand is in a more awk

ward situation, but even his case is not 
desperate if he knows what to do. At
tempts to force a way to shore will prove 
worse than useless; standing still and 
yelling will be fatal unless help arrives 
soon. The trapped man's first move must 
be to drop .his pole behind him, if he is 
foresighted enough to have one, and 
fall back upon it, meanwhile stretching 
his anris out at right angles to his body. 
In this position he could float in water 
and he will certainly float on sand if he 
gets rid of any heavy object he may be 
carrying. He may now call out for help. 
If there is no prospect of help, the victim 
may begin to rescue himself. The first 
step in this operation is to get the pole at 
right angles to the body beneath the 
shoulders and then work it down until it 
is supporting the hips. It is difficult work, 
but once done the individual is in a posi
tion to pull his legs out of the mire, one 
at a time. He should do this slowly and 
with frequent rests. Once his feet are out, 
he looks about and selects the shortest 
route to solid ground. He then begins 
rolling toward his goal. Rolling is the 
easiest-and indeed the only-way of get
ting off the soft area. It can be done in 
short stages, but rests must be taken on 
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Big II doingsll in metal 

"Sinews" that give cars "go." Connect
ing rods that Lycoming turns out for 
FORD trucks. Can on·time delivery of 
precision parts in volume help you? 

Even these few samples demonstrate 
that Lycoming has the machines you 
can use-the skilled craftsmen you can 
use . . .  the immense facilities you can 

Here are just four outstanding 

achievements of Lycoming's 

precision production . • •  samples 

that indicate how Lycoming 

solves metal-working problems 

for America's industrial leaders 

and the Armed Forces. 

Their "song" fills the air. Lycoming en
gines power aircraft made by BEECH, 
CESSN A, PIPER, A ER O·COMMAND ER. Do 
you need this kind of dependable power? 

Power generator for jets. Created by 
Lycoming for the U. S. AIR FORCE to 
start jets and bombers. Can creative 
engineering help solve your problem ? 

use ... the creative thinking you can 
use! For a more complete story on 
Lycoming, write for the illustrate�ft;;:] 
booklet, "Let's look at Lycoming. ''!!!!!J 

,DII RESE.AIICH ' FOil PIIECIS/.IIN pI/DOueT/ON 

LOOKTO LYC O M . NG 
Lycomine·Spencer Division, Williamsport, Pa. (�l!!l[1) Bridgeport-lycoming Division, Stratford. Conn. 

AIR·COOIED ENGINES FOR AIRCRAFT AND INDUSTRIAL USES. PRECISION·AND.VOLUME MACHINE PARTS . GRAY.IRON CASTINGS . STEEl.PLATE fABRICATION 
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Send for catalog. 

-==---..... --� .. -_ ... - -- � 
when timing gives I 
you a hard time 

Turn your problem over to the 

A. W. HAYDON COMPANY - past masters at 
solving the tough ones. 

The know-how of A. W. Haydon 

Engineers is yo�r assurance of prompt, 

accurate service regardless of the 
intricacies of the problem. 

� 
Would you like to work with 

us? We need qualified engi

neers now. Excellent oppor

tunities for men who are 

looking to the future. 

YDON 
243 N ORTH ELM STREET 
WATERBURY 20, CONNECTICUT 

Design and Manufacture of Electrical Timing Devices 
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ENGINEERS!! ! 
H\5 DOOR 10 A. oPE�r�ht future 1 _ 

-V 
Inspection Engineers 

• Radar Field Eng. 

• 
TV Receiver Design Eng. 'IIo.u.'lIe � to work on: Radar, 

G.C.A., Mobile Radio, Auto Radio, Air· 
borne Communication & Navigation Equip
ment, Television, Antennas, Microwave 
Equipment, Servo Mec�anjsms and Guided 
Missiles. 

'if 014 � from high wages, mod· 

ern, air-conditioned plant, paid vacations 
cnd holidays, group insurance and good 
chance for advancement. Housing im. 
mediately available in beautiful suburban 
and country areas that surround our plant, 

Write, wire or phone 
MR. L. H. NOGGLE, Oept S. 

'7Jendix '""Radio 
DIVISION OF BENDIX AVIATION CORPORATION 
BALTIMORf-4, MD. Phone, TOWSON 2200 

35·mm. EXAKT A "VX" 

t 
New Model With 0 
Pre.Set Diaphragm Control 0 
The Exakta "VX" gives you unsurpassed 
technical photographs with the ease of _ '" 
ordinary snapshots, Its unique through· 
the-lens viewing system assures abso-
lutely correct "on the subject" photo
graph1i=-with either the waist level 
reflex findel'-hood 01' the eye level Penta- . 
Prism f.nder, And only the Exaktu "VX" Micro-Photography gives you 29 shuttel' settings from l2 
seconds to 1/1000th. built-in self "Nature Pho 
N�

e
�;'ng:l':.�n�I:A'i��l� 

flash and strobe- togr�p!IY With 
W

i
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W����;�E��:'�����I�i�::j���::��scr�it:i�� l'�!��l �;��ti���nt booklet "F" on camera and accessorLes explol,el a,nd mId brochure on close-up techl!iqlte with sClentl;st dls-the EXE��'KTA CAMERA CO. �1�I�h�:�);f��l 
46 W�st 29th St., N. "1. 1, N.,Y. e..

t
rtl�'Sex�}��'\': E.xcluslve Sales And Service Ql'ganlza- tory material. tlOn In Th

{\,Ji.k�:
\

;�'�;al;��
gee Camera 04 pp" SOc. 

the back with arms outstretched or he 
will begin to sink again. The pole is 
pulled along and used for support. 

When the quicksand is under water, 
one can usually swim to safety, provided 
the water is deep enough for swimming. 
It is not too hard to pull the legs out of 
the quicksand, because the water helps 
to loosen it. But when the water is less 
than a foot deep, the victim is in virtu
ally the same position as if the quick
sand were at the surface. 

Animals caught in quicksand often do 
not get out by themselves. A dog gen
erally succeeds, but it must be encour
aged to work hard and not wait for its 
master's help. A horse will usually fight 
its way to safety, making frantic, rabbit
like jumps. The rider or driver must 
know where to guide it, however, for it 
can soon become exhausted and then 
rapidly sink in the sand. A loaded or 
harnessed mule will lie down on its belly 
with its feet tucked under as soon as 
the ground gives beneath it.. In that po
sition the animal will not sink. The 
mule's hooves are so small and narrow 
that it cannot struggle if it is at all 
weighted down. Once freed of any 
equipment, it can usually be urged to 
get itself out of the morass. It is a good 
idea to station a horse, preferably a 
mare, on the nearest firm land as a guide 
and further inducement. 

Cattle invariably panic in quicksand. 
The only sound way of rescuing them is 
to tie a rope around their horns or necks 
and pull them out, very gradually, with 
a steady team or a tractor. Unlike horses 
or mules, which seem grateful for as
sistance, cattle are apt to charge their 
rescuers as soon as they emerge. It is 
wise to have a knife handy for cutting 
the tow rope. When animals are found 

. sunk to their necks and with their eyes 
bulging from the pressure on their bod
ies, they are best put out of their misery 
with a bullet. They cannot be saved, 
and the death that awaits them is ago
nizing. 

THROUGHOUT the West there is a 
dangerous relative of quicksand 

known as the alkali bog. It is formed by 
spring-water seeps containing salts 
leached from a soil rich in alkaline salts. 
Such bogs are far more treacherous than 
quicksand because they are apt to oc
cur in unexpected places-on a hillside 
as well as in or near a river-and because 
they contain clay or colloidal matter 
which gives them the consistency of soft 
soap. 

Most alkali bogs can be recognized by 
the white efflorescence of salts along 
their edges or over their surface. A man 
or animal mired in an alkali bog sinks 
more rapidly than in quicksand, and 
quick work is required to get out of one. 
There are bogs in the West which are 
littered with the bones of animals that 
did not move promptly enough. 
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Even with opaque containers 
x .. ray accurately checks the fill 

GE HYTAFILL 
monitors up to 900 . containers per minute 
within :!:.1/64 inch 

Now, x-ray offers a fast, low-cost, auto
matic method for checking the height
of-fill in sealed opaque (or transparent) 
containers. The GE HYT AFILL Moni
tor placed on your conveyor line sig
nals for automatic rejection of over
or underfills. 

Easily adapted to most existing lines, 
HYT AFILL works faster than any unit 
of comparable accuracy. It's an inex
pensive way to safeguard your customer 
goodwill by eliminating short measures 

without costly overfilling ... catching 
"leakers" that might cause spoilage or 
embarrassment. 

If you're packaging liquids or free
flowing solids, ask your GE x-ray rep
resentative for facts on HYT AFILL. 
He may also be able to show you how 
x-ray can save YOll money on other 
inspection and testing problems. Or 
write X-Ray Department, General Elec
tric Company, Milwaukee 1, Wisconsin, 
for Pub. TT-6. 

G'ENERAL e ELECTRIC 

General Electric's HYTAFILL Monitor is economical 
because it's simple. As the narrow x-ray beam passes 
through the containers at the correct height-oF-fill, a 
tiny cadmium sulfide crystal automatically detects any 
variations exceeding ±1/64 inch. 
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© 1953 SCIENTIFIC AMERICAN, INC



by James R. Nell'man 

CARDANO, THE GAMBLING SCHOLAR, by 
Oystein are. Princeton University 
Press ($4.00). 

T
HE LIFE of Jerome Cardan 
(Gerolamo Cardano) of Milan, 
physician, mathematician, astrolo

ger, philosopher, gambler, is a melo
drama too improbable even for the 
Italian Renaissance. His fortunes, from 
infancy to old age, fluctuated wildly, so 
that he was alternately poverty stricken 
and held in wretched contempt, or rich, 
influential and fervently admired. Un
tiring in his quest for knowledge, im
mensely industrious, restless in imagina
tion and creativity, he was an incredibly 
prolific writer: his works fill 7,000 pages 
of folio, and no one knows how much 
more was lost. Cardan was an ambi
tious, dishonest, hot-tempered, quarrel
some, conceited and humorless man, but 
capable of generosity, kindliness and 
merciless self-revelation. During much 
of his life he suffered from ill health, 
physical and mental. His parents were 
an abominable pair; his favorite son was 
executed for murder; his other son was 
a scoundrel who managed to escape the 
gallows but brought Cardan nothing but 
unhappiness and disgrace. In his old age 
Card an was stripped of his honors and 
high position and imprisoned for heresy; 
nevertheless he ended his days peace
fully as a pensioner of the Pope. He was 
a genius, a fool and a charlatan who 
"embraced and amplified, " as the Eng
lish literary historian Henry Morley said, 
all the superstition of his age, and all its 
learning. 

It is understandable that Cardan has 
not lacked biographers, yet none has 
succeeded in giving both a convincing 
portrait of the man and a dependable 
appraisal of his scientific achievements. 
Morley published in 1854 a biography 
of Cardan in the spacious two-volume 
Victorian tradition: moralistic but not 
unsympathetic, rich in details and back
ground, amply stocked with quotations, 
elevated and flowing in style. It pro
vides excellent reading, but it does not 
make its hero wholly believable nor is 
it the book to consult for an informed 
assessment of his labors in science. The 
less interesting but in some respects 
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pwneer In the stud.r of probabilit.r 

more disinterested appraisal written by 
W. G. Waters in 1898 also is unsatisfac
tory as regards Cardan's mathematical 
discoveries. The book I review here, by 
Oystein are of Yale University, is lim
ited in scope, but within the area of its 
primary concern it is a first-rate con
tribution to the history of science. 

Ore's account of Cardan's life is 
scarcely more than a pedestrian recital 
of the un pedestrian facts. His long analy
sis of Cardan's quarrel with the Italian 
mathematician Niccolo Tartaglia adds 
little to what has already been said on 
that subject. But the great merit of his 
book is in explaining Card an's remark
able researches in probability. Here for 
the first time a mathematician has taken 
the trouble to disentangle and elucidate 
Cardan's obscure text on games of 
chance, a poorly printed work of 15 
folio pages called Liber de Ludo Aleae 
(The Book on Games of Chance) . Other 

biographers have scolded Cardan for 
being a gambler but have shown not the 
slightest comprehension of the fruits of 
his devotion to this naughty practice. 
Historians of mathematics also have 
failed to appreciate the full extent of his 
achievement in this sphere. Isaac Tod
hunter's History of the Mathematical 
Theory of Probability acknowledged 
Cardan's solution of certain simple prob
lems of dice games but overlooked the 
principal insights of the Libel' de Ludo. 
Moritz Cantor in his monumental 
Geschichte del' Mathematik pointed out 
that Card an was the first to answer cor
rectly several basic questions in proba
bility; but the examples Cantor gave 
were meager and unenlightening. are, 
with the help of S. H. Gould of Purdue 
University, a classical scholar trained in 
mathematics, has deciphered Card an's 
little book and analyzed its contribu
tions to the theory of probability-that 

. 
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great branch of mathematics, the "very 
guide of life," which owes its origins to 
the gaming table. Ore shows convinc
ingly that Cardan's treatise formulated 
a number of fundamental probability 
prinCiples, more than a century before 
Pascal and Fermat are supposed to have 
developed the theory of probability in 
their famous correspondence about the 
wagering problems of the French rake 
the Chevalier de Mere. Cat-dan's work 
gave the correct chances on dice, the so
called power law for the repetition of 
events (combined probabilities), a sug
gestion of the law of large numbers and 
several other important probability con
cepts. Ore's work in interpreting this first 
text on probability is of capital impor
tance in the history of mathematics. 

Cardan was born in 1501 in Pavia. 
His father was Fazio Cardano, a doctor 
in law and medicine and a geometrician. 
His mother was a widow, Chiara Miche
na, with three earlier children-a fat, 
dumpy woman with an ugly temper 
whose sole attraction for Fazio seems to 
have been that she was much younger 
than he. Fazio saw no reason to marry 
her, before or after Jerome's birth, but 
finally resigned himself to doing so 
shortly before his death at 80. Jerome's 
early years were filled with sickness and 
misery. His mother (whom he sentimen
talized in his autobiography) spared no 
effort to make him feel unwanted, to 
remind him that he was an abiding 
source of shame and sorrow. When she 
grew tired of tormenting the child with 
words, she beat him-a sport in which 
her sister and Fazio were delighted to 
join. When Cat-dan became old enough 
to carry his father's bag through the 
streets of Milan, it was decided to give 
up beating him, to avoid any injury that 
migh t make it necessary to' hire a servant 
to carry the bag. 

At the age of 19 Jerome was permit
ted to enter the University of Pavia to 
study medicine. Fazio agreed to this step 
reluctantly only after Chiara, for once 
unaccountably supporting her son, 
raised a hideous commotion. Cardan 
completed his medical education at 
Padua and then applied for admission to 
the College of Physicians in Milan. 
When he was turned down-partly be
cause he was a bastard, partly because 
his aggressiveness and other disagree
able traits had already gained him a 
crop of enemies-he settled as a country 
docfor in the little village of Sacco, a 
few miles outside Padua. It was a quiet, 
pleasant existence. "1 gambled, played 
musical instruments, took walks, was of 
good cheer and studied only rarely. I 
had no pains, no fears . . . it was the 
springtime of my life." At 30 Cardan 
married Lucia Bandarini, the daughter 
of an innkeeper who was captain of the 
local Venetian militia. It was a reason
ably happy union, although from his 
20th to his 30th years Cardan had been 
impotent and coiwinced that he would 

remain so. Considering the character of 
the children he produced, continued im
potence would not have been an unmiti
gated misfortune. 

His writings during this period in
cluded an essay on palm-reading, a book 
called The Method of Healing, another 
on the plague, and two treatises, on 
"spittle" and on venereal diseases, which 
were destroyed, according to Morley'S 
decorous euphemism, by "the misdeed 
of a cat." "Hi lib"i cOl'1'upti sunt," wrote 
Cardan, "ul'ina felis." 

Poverty forced Cardan to abandon 
country-doctoring and seek his fortune 
in Milan. At first matters went so badly 
that he and his family had to find shelter 
in a poorhouse; then suddenly his luck 
changed. He was appointed to a lecture
ship in mathematics once held by his 
father; he published several books, 
among them The Pmctice of ATithmetic 
and Simple Mensumtion and On the Bad 
Pmctice of Medicine in Common Use; 
finally, with the help of prominent 
sponsors, he was elected a member of 
the College of Physicians. 

Within a few years Card an became 
the rector of the physicians' guild and 
the most prominent practitioner in Mi
lan. "Before he was 50 years old he was 
second only to Vesalius among European 
physicians and was overwhelmed with 
flattering and magnificent offers for his 
services." Since a court physician was 
apt to keep his head only so long as the 
royal patient kept his health, Card an 
generally stayed away from the highest 
places. But he could not resist a finan
cially tempting call to go to Edinburgh 
to treat John Hamilton, the Archbishop 
of Scotland, who suffered from' "suffo
cating attacks of asthma." This turned 
out to be a most profitable errand of 
mercy. After observing his patient care
fully for a month, Cardan prescribed a 
sensible regimen of hygiene and the 
usual farrago of potions and ointments. 
In addition, he specifically recommend
ed that the Archbishop substitute silk 
for feather mattresses and linen for 
leather pillow cases. The entire course 
of treatment would have made a mod
ern allergist happy, and, more impor
tant, it actually made the Archbishop 
well. His health improved rapidly and 
in gratitude he bvished on Cardan an 
enormous fee of 1,800 gold crowns and 
various gifts. 

On his journeys to and from Edin
burgh Cardan passed through Lyons, 
Paris, London, Antwerp, Cologne and 
Strasbourg. In each of these cities the 
learned and the noble accorded him a 
festive reception. Henry II of France 
desired that he should "kiss hands" and 
accept court service, with a considerable 
pension. The 15-year-old Edward VI of 
England-whom Cardan described as "a 
marvelous boy"-requested his presence 
and conversed with him in polished 
Latin about various abstruse matters 
such as the motions of the stars and the 
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causes of the rainbow. Edward also 
asked Cat'dan to calculate his horoscope. 
The great man was pleased to comply 
and prophesied, in some detail, a fairly 
long and sickly life for the delicate 
young monarch, including the specific 
prediction that at the age of 55 years, 
3 months and 17 days "various diseases 
would fall to his lot." Edward was in
considerate enough to die the following 
year, aged 16. Cat'dan was thereupon 
moved to write a dissertation wherein 
he explained (a) that he had been com
pelled to cast the horoscope against his 
better judgment, (b) that he had done 
so hastily and had therefore miscalcu
lated, (c) that he had suspected the 
King had not long to live, (d) that the 
King' had been pOisoned. 

Cardan was now at the summit of his 
fame as a phYSician, philosopher, as
trologer and writer. His practice was 
prospering; he was in reasonably good 
health, and his favorite son, Giambatis
ta, was completing his education for a 
medical degree. His books continued to 
pour from the presses at an incredible 
rate. In a single year, 1543, he published 
53 separate works; altogether, as he him
self reckoned, he published 131 books 
and left behind him in manuscript 111. 
He wrote on mathematics, astronomy, 
astrology, me top os copy, physics, horos
copy, chess, gambling, the immortality 
of the soul, consolation, the uses of ad
versity, marvelous cures, dialectics, 
death, pOisons, seven-month parturition, 
air, water, nourishment, dreams, urine, 
teeth, the plague, Galen, Hippocrates, 
Socrates, Nero, the Blessed Virgin, wis
dom, morals and music. This list is repre
sentative, not inclusive. His popular 
scientific and philosophical books were 
widely read and many times reprinted, 
sometimes pirated by printers. Cardan's 
book on consolation was well known in 
England as the source of Hamlet's fa-
mous remarks on sleep and death. 

-

The decline in Cardan's fortunes be
gan with Giambatista's marriage to a 
young trollop named Brandonia Serono 
in December, 1557. The night before 
the messenger arrived with the bad 
news, Cardan had a premonition of evil: 
the house trembled "so that it was no
ticed even by the servants." He would 
not have the young couple in his house, 
but supported them financially. From 
the beginning Giambatista quarreled 
violently with his wife and her family. 
They exploited him shamelessly, and 
Brandonia bore three children in rapid 
succession, none of whom, she openly 
boasted, was genetically linked to her 
husband. Giambatista decided to settle 
the score by feeding his wife and several 
of her relatives a cake generously 
sprinkled with arsenic. The in-laws sur
vived but Brandonia did not; nor did 
Giambatista. He was executed, after tor
ture and the striking off of his left hand, 
on April 10, 1560. 

Cardan never recovered from this 
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ghastly happening. "He reproached him
self, wrote elegies to his son, brooded 
and relived the tragic events incessant
ly. " The disgrace led hini to relinquish 
his professorship at Milan, but in 1562 
he yielded to his friends and took the 
chair in medicine at Bologna. Unfortu
nately he was accompanied by his son 
Aldo, who was, if anything, a scurvier 
specimen than his departed brother. 
Aldo gambled for outrageous stakes and 
managed to be jailed for sundry mis
deeds no fewer than eight times within a 
couple of years. The father finally tired 
of rescuing him and had him banished 
from Bologna and its surrounding terri
tories. But he continued to support Aldo 
and even provided for him in his will. 

In 1570 Card an was arrested and im
prisoned for heresy. The causes of the 
indictment have never been adequately 
explained, but it is reasonable to sup
pose that he was a victim of the Counter
Reformation. He had expressed so many 
opinions on so many subjects that of
ficials had no difficulty in proving that 
he was a heretic. Nevertheless, the in
quiSitors were disposed to be merciful: 
he was not tortured or required to re
cant publicly in the shirt of the penitent 
but was merely stricken from the uni
versity rolls and forbidden to lecture and 
to publish any more books. He journeyed 
to Rome seeking leniency. With the help 
of influential friends he gained member
ship in the College of Physicians and 
was permitted a limited consulting prac
tice. The Pope, strangely enough, 
granted him a pension. Together with 
the income from his remaining personal 
means, it enabled him to live in com
parative comfort. It was not to be ex
pected that the interdict against publica
tion would stop Cardan from writing. 
His last manuscript was an autobiog
raphy, De Propria Vita, in which he 
combined apologies, boasts, confessions, 
"sorrows and joys, successes and fail
ures. " Cardan died September 20, 1576, 
and was buried in the Church. of the 
Augustins in San Marco. 

Cardan's fame rests mainly on his 
mathematical inventions, and this is 
what Ore reassesses. His Ars Magna, a 
pioneer work on algebra, was published 
within two years of two other history
making books in science: Nicolaus Co
pernicus' De Revolutionibus Orbium 
Coelestium and Andreas Vesalius' De 
Humani Corporis Fabrica. The Ars 
Magna set forth the theory of equations, 
including the solution of the cubic and 
the biquadratic, not previously known. 
It established the author as a creative 
mathematician of the first rank. Yet Car
dan is entitled to small credit for its two 
major innovations in the "cos sick art, " as 
algebra was long called in Europe-from 
the Italian word cosa, for "thing " or the 
unknown quantity x. The method of 
solving a biquadratic equation was dis
covered by a pupil of Card an named 
Ferrari" and the solution of cubic equa-

tions by the unhappy stutterer Tartaglia. 
The quarrel between Tartaglia and 

Card an is one of the great Italian operas, 
rich in ridiculous and tragiC interludes. 
In 1539 Card an sent his bookseller to 
Venice to ask Tartaglia to disclose his 
rule for the solution of the cubic equa
tion x3 + bx=c. Tartaglia refused. Car
dan responded with an insulting letter. 
But after several furious, baiting ex
changes, Tartaglia allowed himself to 
give up his precious discovery. He went 
to Milan and there extracted from Car
dan a most solemn oath not to publish or 
divulge the secret; Card an swore that he 
would write down Tartaglia's discovery 
in cipher so that even after his death no 
one could understand it. Having ob
tained the secret, Cardan proceeded to 
publish it in the Ars Magna. There were 
mitigating circumstances. For one thing, 
Cardan's book acknowledged the value 
of Tartaglia's work. For another, Cardan 
learned that Tartaglia's discovery had 
been anticipated by the Italian mathe
matician SCipiO Del Ferro about 1515. 
Furthermore, Cm-dan carried the cubic 
problem well beyond Tartaglia's rule: 
he solved the third degree equation in 
its most general form where all the pow
ers of the unknown are present; he used 
imaginary numbers to extract all the 
roots; he employed approximations in his 
solution and exhibited a grasp of the re
lations between the roots and the coeffi
cients of the equation. These circum
stances do not excuse his offense, but 
they lighten its hue. 

Tartaglia did not take Card an's be
trayal lightly. The feud was long and 
acrid, marked by many challenges, ap
peals to the public conscience and mu
tual denunciations. Mathematics was a 
serious business in those days. Cardan 
delegated to his brilliant and hot-headed 
pupil Ferrari the responsibility for up
holding his colors. The skill and ferocity 
of the pupil exceeded the master's expec
tations. Not only as a mathematician but 
as a name-caller Ferrari was unexcelled. 
The final act was a public mathematical 
joust between Tartaglia and Ferrari. The 
older man lost his temper and was de
feated. The contest proved nothing, but 
it was a sad ending to an absurd dispute. 
Tartaglia is one of the outstanding vic
tims of secrecy in science, a secrecy 
which he himself had imposed. 

Cardan's treatise on probability did 
not appear in print until the publication 
of a 10-volume edition of his complete 
works in 1663, and even then it at
tracted scant attention. Yet the mathe
matical sections of the Liber de Ludo 
are perhaps even better proof of Car
dan's creative abilities than his consid
erable achievements in algebra; more
over, here the originality of his ideas is 
without shadow. The De Ludo is first of 
all a gambling manual', based on the ex
periences of a veteran gambler. There 
are chapters on false dice, marked cards, 
strategic kibitzing, the card game Pri-
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mera (resembling poker) and the board 
game Fritilla (resembling backgam
mon), and many other interesting items. 
Cm'dan admits gambling to be an evil 
but calls it "a natural evil." The law 
recognizes that it is a solace as well as 
an evil and permits gambling to those 
who are sick, "in prison and condemned 
to death." Cardan, giving advice on 
play, is skeptical of most gamblers' su
perstitions, but suggests that it is ad
visable to sit facing the rising moon. 

In the technical sections of the book 
he discusses equiprobability, mathemati
cal expectation (the correct amount to 
bet when a player has a probability p 
of winning some amount P), reasoning 
on the mean, frequency tables for dice 
probabilities, additive properties of 
probabilities and what a century later 
came to be known as "de Mere's prob
lem ": i.e., how many trials are required 
to give a player an even chance to win, 
for example, to throw a given point in 
dice. In some of his investigations Car
dan sets off in the wrong direction, ar
rives at an incorrect result but then a 
few pages later discovers his mistake and 
corrects it. An excellent example of this 
curious procedure is his treatment of 
compound probabilities. After several 
false starts he demonstrates his mathe
matical ability by establishing the power 
formula p,,=p" for obtaining n successes 
in n independent trials. Card an did not 
have enough mathematics to express the 
so-called law of large numbers in a 
formula, but used the law in the follow
ing sense: "When the probability for an 
event is p, then by a large number n of 
repetitions the number of times it will 
occur does not lie far from the value 
m=np." 

Even without his work in algebra, the 
Liber de Lttdo Aleae would assure Car
dan of a place in the company of the 
great mathematicians. The situation has 
its ironic side. Of the mountain of scrib
blings poor Cm'dan left, it turns out that 
this tiny gamblers' manual, which he did 
not consider worth publishing and a 
large portion of which he burned in 
manuscript, is his firmest claim to im
mortality. He said in his autobiography: 
"I gambled ... at chess more than forty 
years, at dice about twenty-five; and not 
only every year, but-I say it with shame 
-every day, and with the loss at once of 
thought, of substance, and of time." Yet 
it is for a by-product of these misspent 
hours that Cardan deserves to be re
membered. 

THE WOHLD OF ELI WHITNEY, by 
Jeannette Mirsky and Allan Nevins. 

The :\Iacmillan Company ($5.75). The 
year 1793 is one which U. S. school chil
chen are required to remember because 
it is the date of the invention of the cot
ton gin. They are usually spared further 
details, either as to the true measure of 
the gin's contribution to the social and 
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AlexDndrio, Virg1n1o 

The biography of a 
mathematical genius 

Cardano, 
the GaDlbling 

Scholar 

Free 
Catalog 

Fully illustrated, 

100 pages, showi ng 
s p e c ia l  fis h in g 
tackle ,  fo ot\year, 
clothing and forty

eight other leather 
and can,"as special
ties of our O\\"n 
manufacture. 

By OYSTEIN ORE. Carda no, next to 

Vesalius the greatest physician of 

his day, was also a devoted and 

,killed gambler who played for 

personal pleas lIre and profit. His 
mathematical genius enabled him 

to devise simple rules of probabili. 

ty for his own benefit and for his 
ga�bling contemporaries. 

Bean's New Canoe Shoe 

In this biography, Cardano's 
gambling studies are deciphered 

for the first tin1l1, and a complete 
translation of the Book on Games 
of Chance is appended. 

Oystein Ore, Sterling Professor 

of Mathematics at Yale Universi

ty, is himself an enthusiastic ex
pert on gambling lore. 

276 pages. Illustrated, 4.00 

Order from your bookstore, 
- PRINCETON_ 
UNIVERSITY PRESS 
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per closing. A 
goo d looki n g, 
practical bag for 
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and hunting trips. 
Size 16%"'xi" on 
bottom, 14" high. 
P r i ce $15.85 
post p aid. Price 

i n c l u de s  20% 
Lu g g a ge Tax. 
S e n d  for f ree 
sample of len tiler 
and Catalog. 
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II 

Listen and Learn 
Easily, Quickly, 

Accurately 
With 

lllGUAPHOIE 
World's-Standard Conversational Method 

FRENCH 
SPANISH 
GERMAN 
ITALIAN 
RUSSIAN 

JAPANESE 
PORTUGUESE 
NORWEGIAN 

-any of 
29 

Languages 

Another language 
Another Opportunity 

You can add to your 
opportunities. enjoy 
life more when you 
speak another Ian· 
guage; step into a 
whole new world of 
scientific, business. 
professional and cui· 
tural opportunities; 
double your travel 
and leisure time en
joyment; increase 
your chances for spe· 
cialized work and bet
ter ratings in the 
Armed Services. 

You Listen 
and Learn 

You're never too old to 
learn a language the 
LlNGUAPHONE way
or too young-it is the 
NATUR A L  w a y .  T h e  
same way you learned 

b�f�::ot��r
u 

ton�::
t 

lo�� 
school. 

No Textbook Can 
Teach YouTo Speak 
linguaphone brings a 

foreign land right into your own home. You hear 
many men and women speak in their native tongue 
about everyday matters. You listen-YOU under
stand-YOU SPEAK with correct pronunciation 
and proper swing. You learn to read and 
write. It's all amazingly easy. With LlNGUA
PHONE. THE WORLO·S·STANOARO CONVER· 
SATIONAL METHOO. you can study alone at your 
leisure, or have family and friends join you. 

World-wide Educational Endorsement 
Linguaphone courses were made astonishingly 
easy and practical by more than 150 expert 
linguists of international fame. Endorsed by edu
cators, used by colleges, schools, U.N., Armed 
Services, Government Agencies and business firms 
for personnel training. Over one million home
study students. 

STOP Wishing-START Talking 
Write today for Fascinating FREE Book, "Passport 
to a New World of Opportunity". Linguaphone 

1 10 

Institute, 306 Mezz., Rock. Plaza, 
New York 20. N. Y. 

Mail Coupon TODAY 

-------.----, 
LINGUAPHONE INSTITUTE 

306 Men., Rock. Plaza New York 20, N.Y. 

Send me your FREE book. 
I want to learn .... . 

language for .......................... . 
reason. 

Occupation 

Name ................................................ . 

City ................ Zone ... _ .. State ......... . . 
o Cheek here if Korean Veteran. 

__________ ...J 

economic development of the South or as 
to what Whitney accomplished after he 
invented the gin. Miss Mirsky and Pro
fessor Nevins, relying principally on un
published materials, have written a com
prehensive biography portraying the 
man and his career: as a student at Yale, 
an inventor, promoter, businessman, 
manufacturer, lobbyist and litigant. 
The)i have also provided an interesting 
history of the technological and agricul
tural scene of his period, 1750-1825. In 
a rather overblown style the authors at
tempt to make of Whitney a genius and 
a sympathetic figure; the facts they 
present contradict their judgment. Un
doubtedly he was a shrewd, practical, 
skilled and imaginative mechanic, but 
nothing he invented was markedly origi
nal, not even his manufacturing processes 
involving interchangeable parts. His 
success sprang from his indomitable de
termination and zeal, and from the fact 
that his product was often a little better 
than his competitor's. He was a covetous, 
lonely and gloomy man without much 
human sympathy or understanding. He 
called Tom Paine, whom he met only 
once, merely a "filthy old sot. " The sound 
scholarship of Mirsky and Nevins is a 
corrective to their extravagant estimate 
of Whitney's talents and virtues; the 
reader is presented with the material to 
make his own estimate. 

WEBSTER'S NEW WORLD DICTIONARY 
OF THE AMERICAN LANGUAGE. The 

World Publishing Company ($5.00). A 
new dictionary is an event; the Webstel' 
New World is a gratifying event. It has 
been freshly compiled with emphasiS on 
the language as actually used; it is the 
largest dictionary of its kind, intelligent
ly conceived, skillfully executed and 
built for hard use. The editors have made 
a point of giving full etymologies and of 
including as many as possible of current 
idiomatic expressions, colloquialisms 
and slang; they sprinkle the pages gener
ously with biographical references. 
There are some minor blemishes. The il
lustrations are of indifferent quality and 
-like most dictionary pictures-often 
serve no discernible purpose. Robert 
Hutchins, we are misinformed, is chan
cellor of the University of Chicago; there 
is an entry for Harold Urey but none for 
P. A. M. Dirac, for Erwin Schrodinger 
but not for Werner Heisenberg, for Lil
lian Russell but not for Ernst Mach, for 
Knute Rockne but not for Evariste 
Galois, for Button Gwinnett but not for 
Simon Newcomb, for Babe Ruth but not 
for William Gilbert, the father of elec
tricity. Occam is here but not his razor, 
hotfoot but not roman a clef. To para
phrase an ancient warning: be hep, be 
hep, be not too hep. 

TORNADOEs OF THE UNITED STATES, 
by Snowden D. Flora. University of 

Oklahoma Press ($3.50). "Out of the 
south cometh the whirlwind. " When a 

mass of polar maritime air collides with 
tropical maritime air from the south or 
southwest, the conditions are ripe for the 
formation of the most violent and spec
tacular of all whirlwinds, the tornado. In 
this book a retired U. S. Weather Bureau 
meteorologist who has made a lifelong 
study of catastrophic storms and floods 
gives an account of every aspect of tor
nadoes: their causes and structure, their 
distribution and frequency, the tragiC 
damage they cause and their freakish re
sults. In the 34-year period endi.ng in 
1949, not one of the 48 states escaped 
tornadoes. Nevada was struck once, New 
York 24 times, Texas 461 times, Kansas 
587 times. Oklahoma had 389 tornadoes 
causing 664 deaths and the greatest 
property damage: $52 million. Illinois 
suffered 911 deaths and almost $48 mil
lion damage. If you own a square mile of 
land in Iowa the chance is one in 1,203 
it will be struck. by a tornado. Most tor
nadoes occur between 4 and 7 p.m. This 
is a faSCinating book, adorned by stun
ning photographs from Flora's own col
lection. 

SCIENCE AND THE SOCIAL ORDER, by 
Bernard Barber. The Free Press 

( $4.50) . This book by a Barnard College 
SOCiologist is an attempt at a full-scale 
analysis of the social relations of science. 
The job has been done before, notably 
by Marxist disciples, but Barber's study 
is free of these preconceptions. Its basic 
method is to examine science as a social 
activity, as "a set of behaviors taking 
place in human society. " It considers the 
effect of political circumstance on 
science and how the practice of science 
is promoted or retarded by various as
pects of social structure and cultural 
ideals. It. also treats of the place of 
science in U. S. society, the scientist in 
universities, industry and government, 
the social nature of the processes of in
vention and discovery, the sacial control 
and planning of science, the social 
aspects of the social sciences. Barber is 
not an exciting thinker. The merit of this 
study lies neither in profundity nor in 
virtuosity of presentation; at times, in
deed, ·it is hard for the reader to remain 
attentive. But Barber is a competent 
writer and a careful student, covers a 
wide, difficult field and asks many useful 
questions. 

ANTHROPOLOGY TODAY, prepared under 
ft the chairmanship of A. L. Kroeber. 
The University of Chicago Press 
($9.00). AN ApPRAISAL OF ANTHRO
POLOGY TODAY, edited by Sol Tax, Loren 
C. Eiseley, Irving Rouse, Carl F. Voe
gelin. The University of Chicago Press 
($6.00). In June, 1952, there was held 
in New York an international symposium 
on anthropology under the auspices of 
the Wenner-Gren Foundation, formerly 
the Viking Fund. These books are a 
record of the conference. The first con
sists of 50 papers written for the meet-
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Why Lockheed m California offers 

better careers 
for engineers 

1 Diversified Production 

Fighters, bombers, trainers, cargo transports, radar search 
planes and huge lUxury airliners are roll ing off Lockheed 

assembly lines. Twelve model s are in production. 

This capacity to design and build such a wide range of air

craft is important. It means Lockheed offers you broader 

scope for your ability. It  means you have more opportunity 

for fresh, creative thinking - because Lockheed's thinking 

covers all phases of aeronautical engineering. It means your 

future is not chained to any particular type of plane - because 

Lockheed is  known for leadership in virtually all types of air

craft. It also is one of the reasons Lockheed has an unequalled 

record of production stability, year after year. 

2 Diversified Development Projects 

The most diversified development program in Lockheed's his

tory is under way- and it is still growing. It means more and 

better career engineering opportunities for you - now and in 

the future. It means your career can grow with a company 

that is growing on all aviation fronts. 

3 Diversified Living 

You work better i n  Lockheed's atmosphere of progressive 

thinking - and you live better in Southern California.  You 

enjoy l ife to the full in a cl imate beyond compare, in an area 

unequalled for opportunities for recreation and outdoor living. 

Send today for 

i l lustrated 

brochure describ

ing life and work 

at Lockheed in 

Southern 

California. 

Use this handy 

coupon. 

Immediate 
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Aerodynamicists 
A i rplane Specifications 

Engineers 
Ballistics Engineers 
Design Engineers 

"A" & "B" 

Flight Test Engineers "B" 
Flutter and Vibration 

Engineers 
Instrumentation 

Engineers 
Jr. Engineers 

Draftsmen "A" 
Jr. Engineers 

Draftsmen "B" 
Research Engineers 
Scientists 

for systems analysiS and 
military operations 
research 

Service Engineers 
Servomechanism 

Engineers 
Stress Engineers 
Structures Engineers 
Weight Engineers 

Mr. M .  V.  Mattson, Employment Mgr., Dept. SA·6 
Lockheed Aircraft Corporation Burbank, California 

Please send me your brochure describing life 
and work at Lockheed. 

M y  Name 
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My City and State 
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AN I NVITATI 0 N 
TO YO U TO G O  
P L A C E S  W I T H  
FAIRCH ILD 

A secure future, exceptional 
opportunities for advancement, 
and a high starting salary await 
you at F AIRCHILD. We have open· 
ings right now for qualified en· 
gineers and designers in all 
phases of aircraft manufactur· 
ing. 

Paid vacations, liberal health 
a n d  life insurance coverage,  
5·day, 40·hour week as a base. 
Premium is paid when longer 
work week is scheduled. 

Robert D. Gi1son, Chief  
o f  S t r u c t u r e s .  H a s  
worked o n  many top 
aviation proj ects in the 
aircraft ind ustry, spe. 
cializing i n  structural 
problems. 

H A G E R S T O W N ,  M A R Y L A N D 

The vast structure of 

classical physiciJ was 
shaken to its very 

foundations, the day 
when quanta were in

troduced into the 
developmen t of human 

science.  Here is the 
lucid accoun t of 
that remarkable 
advance, told by one 
of the foremost 

scien tists of our day. 

T H E R EV O LU T I O N  
I N  P H Y S I C S 
A Non-Mathematical Survey of Quanta 
by LOUIS de BROGLIE 

Nobel Prize Winn e r  

$4 . 50  
T H E  N O O N.DAY P R E S S  

7 7  Irving Place, N .  Y. 3 

Just Published!  A special discount 
of 20% is  offered you i f  you mail your 
check or M .O. with this ad. 
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History written in 
sticks, stones 
and bones 

LIFE 
O F T H E  PA ST 

An Introduction to Paleontoiogy 

by George Gaylord Simpson 
a uthor o f  The Meaning 0/ Evolution 
One o f  the world's foremost paleon· 
to logis ts  explains the science of  
read i n g  the record of  l i fe-its meth· 
od�. i ts rel a t ion to other branches 
of knowledge. The a u thor describes 
how the steps i n  the evolutionary 
process have l e ft their  imprint upon 
t h e  ear t h .  He i n t rod uces us to a 
fasci n a t i n g  world of fossi ls  where a 
b i t  of bone can be a vital  clue in a 
cosmic d etective story. Profusely 
i l l u strated .  $4.00 

At YOllr bookseller 
YA L E  U N I V E Il S I T Y  P Il E S S  

New Haven 7 ,  Connecticut 

* 

ings; the second presents a report of the 
discussions. No one can fail to be im
pressed by the sheer bulk of the inven
tory volume or by the names of the con
tributors. The papers deal with a great 
variety of problems, such as long-range 
dating in archaeology, the biological 
basis of human behavior, prehistory, 
New World culture history, linguistiCS, 
experimental methods, social structure, 
the contribution of genetics to anthro
pology, culture and personality, physical 
anthropology, applied anthropometry, 
applied anthropology in medicine, in
dustry and government. Like all sym
posia, this one is of uneven interest and 
merit. The incidence of high-flown iar
gon is terrifying. Anyone who supposes 
that this great, sprawling book, granting 
the excellence of several of its parts, will 
give him a coherent picture of its sprawl
ing subject will be disappointed. The 
second volume, the Appmisal, is a dis
service to social studies. It is a book 
edited without imagination and without 
sympathy for the reader, as if it were put 
out merely to provide the participants in 
the conference with a handsome me
mento of their deliberations. The discus
sions as here reported are scrappy and 
disjointed and often sound like a half
hour television discussion of the philoso
phy of Aristotle or relativity. Fortunately 
tlle book entitled An Appmisal of An
thl'Opology Today is not an appraisal of 
anthropology today. 

FLYING SAUCERS, by Donald H. Men
zel. Harvard University Press 

($4.75). If you think you have seen a 
flying saucer, it is not necessary to have 
either your eyes or your head examined. 
Flying saucers exist, but they neither fly 
nor are they saucers. The paradox is fully 
explained . in Menzel's book. The saucers 
which honest, unhysterical men have 
seen and reported are natural phe
nomena. They are not mysterious Soviet 
missiles or vehicles for strange little 
men from other planets. They are only 
"patterns of light, "  no more substantial 
than the square of sunlight falling on the 
floor next to your window. Many of them 
are images formed by lenses of air, fo
cused far above the ground. "Since the 
lens is imperfect and shifts with the 
breeze, the image flies erratically about 
-and finally disappears. " Flying saucers 
are one of many different kinds of celes
tial phenomena observed since ancient 
times. Menzel's discussion includes aero
lites and siderites (incandescent mete
oric masses) ; superior, inferior and loom
ing mirages; green and blue flashes; 
sundogs, auroras,  rainbows, mock suns, 
moondogs, sun pillars, mock moons, sub
suns, St. Elmo'� fire, atmospheric dis
persion and refraction, foo-balls and foo
fighters .  This is a carefully reasoned and 
interesting book. It shows that there are 
more things in heaven and earth than 
are dreamt of in the philosophy of flying
saucer addicts. 
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What General Electric people are saying . , • • 

RALPH J. CORD INER  
President o f  the 
General Electric Company 

" .  . . America is a l and of many 
things, and high on the l ist  are the 
pIOneers . These men who crossed 
rivers , wrote the first chapter for the 
occasIOn that is  this Centenni al . The 
responsibility of the scientist ,  the 
legi slator, the educator, the labor 
leader, the industrialist the farmer 
and the businessman is' to look to: 
ward the future . Some people are 
frightened by i t ,  some are elated, but 
I belIeve that a sense-of-the-future 
can be used to sharpen our senses as 
to what we are doing and where we 
are going.  

For nearly eight years we have 
been l iving in the Atomic Age, 
whether we like it or not-and there 
are some who do not like it. But the 
fact of the matter is, we cannot re
turn to any other Age . Through 
science, we have drastically changed 
our environment . Therefore, we must 
change the manner in which we live 
to accord with these new conditions . 
Atomic power promi.ses abundance 
as  readily as desolati on-but only 
on the condition that we welcome 
and prepare for abundance . 

At Washington Territorial Centennial 
Olympia, Washington 

P. A. ABETTI 
Dr. Abetti, a development 
engineer with G . E . ,  is a 
native of Italy . 

" . . .  For years I have been searching 
through foreign technical li terature,  
a s  practically all development engi
neers do to some extent .  But the 
technical j ournals of Nazi Germany, 
Fascist Italy, and prewar Japan , 
wretched as they were, were still  a 
cut above the present magazines of 
the Communi st or Communis t-dom
inated countries . 

Thi s shows clearly that the divi
sion of the world into two opposing 
ideological camps has never been as 
marked as a t  the present time ; it also 
shows that engineering, often re
puted to be entirely separated from 
politics, is being drawn more and 
more into the s truggle by the rulers 
of the Red countries. 

G.E. Review 

H. A. W INNE  
Mr. Winne i s  Vice President 
in charge df Engineering 

" . . .  As the average citi zen counts 
his scientific blessings , he carries 
around in the back of his head a 
mushroom cloud put there by the 
memory of Hiroshima, also the gift 
of science . This is no reason to 
abandon scientific effort . But it i s  a 
reason for us to clarify our moral ob
j ectives, face up to the responsibili
ties that travel in the wake of tech
nical progress and win public under
standing. 

In this world of uncertainty and 
fear, the public wants to blame some
one, and it is  looking squarely at 
the scientist and the engineer . People 
are afraid of the hydrogen and the 
atomic bomb and the possibil ities of 
biological warfare . They tend to 
move to the faulty conclusion that 
the men who make such weapons 
are possibly the villains . They think 
that perhaps we engineers have at 
last outsmarted ourselves by plant
lng the seeds of universal destruction. 

As I see it ,  we must correct the 
false notions the public may have 
about men of science and engineering 
and come up with the true signif
lcance of sClentlfic progress as it  
really bears on our destiny as free 
men . It is important for engineers 
and sClentlsts to do more than j ust  
stand by to be explained and de
fended . 

As engineers and scientists I sug
gest that we must improve our human 
relations and take note of what the 
public is saying about us . We must 
expl ain the true significance of our 
work and gain better public  under
s tanding. 

That will lead to an informed 
public.  And an informed public is 
necessary to our continued vitality 
and freedom as engineers and busi
nessmen . 

Our future will in a l arge measure 
be determined on how well we de-

velop this public understanding to 
keep pace with our scientific achieve
ments . 
Texas Society of Professional Engineers 

Dallas, Texas 

M. M. BORING 
Mr. Boring i s  Manager, 
Technical Personnel 
Development Services 

" . . .  In General Electric ,  the engi
neer has his choice of engaging in 
ei ther Company education programs 
or in graduate study in nearby col
leges and universities .  

The Company programs are based 
on material directed toward better 
fitting the engineer for a career with 
the Company. He will gain first
hand knowledge of industry, come in 
contact with many different products 
and types of work , and associate 
with top-flight engineers . 

General Electric actively encour
ages college graduate s tudy, and 
when this study applies to the in
dividual ' s  work, on approval by his 
departmental manager, rrovisions 
are made for refunds 0 one-half 
tuition costs '  upon satisfactory com
pletion of his courses . 
, The technical education programs 
ln G , E .  may be divided into two 
main categories : the advanced tech
nical programs , where carefully se
lected students (any engineer may 
apply) are given intensive training ; 
and the general and specialized train
ing courses , available to all Com
pany engineers . 

Besi�es having the opportunity for 
educatIOnal development, the engi
neer ln General Electric is  given a 
good job with plenty of responsi
bility, sound training for a lifetime 
career, opportunities for careers in 
widely varied phases of science and 
eng!neering, and a good place in 
whlch to work , and a place in which 
to lead a well-rounded life .  

A t  G-E Student Information Meeting 

r:foa =pd � emf'dmee m_ 

G E N E R A L  e E L E C T R I C  
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THE AMATEUR SCIENTIST 

Conducted by Albert G. Ingalls 

THE GRAPH on the opposite page 
shows how the earth jiggled a 
seven-room house in Alexandria, 

Va., last New Year's morning between 
10:33 and 10:37 a.m. The record was 
made on a novel seismograph designed 
especially for amateurs by E. W. Kam
mer, an instrumentation specialist for 
the U. S. Navy. As may be seen, quite 
a lot was happening during those four 
minutes. The thickness of the trace line, 
particularly at 10:35, was caused by 
traffic streaming into and out of Wash
ington, D.C., a few miles away. Similar 
nearby traffic disturbances account for 
some of the small, sharp peaks. The 
gentler, over-all modulation represents 
an approaching area of low atmospheric 
pressure. The longest rises and falls re
flect a violent storm building up at sea 
off the Carolinas. Some 12 hours later 

axi5 tilted 8 seconds from 
vcl'tica.I ---- -i� 

" 

About an lngenious electronic seisnwgraph 
and the observation of changes on the 1noon 

its full fury struck and drove the record
ing pen off the sheet. 

These waves are called microseisms. 
They are minute vibrations endlessly 
rippling through the earth's crust in 
response to the interplay of myriad 
forces, both natural and man-made. 
They are so faint that it is unlikely any
one in Alexandria other than Kammer 
was conscious that the earth was shak
ing last New Year's morning. 

Earth waves are to the seismograph 
what light waves are to the telescope. 
Just as the telescope reveals cosmic de
tails too dim or far away for the eye to 
see, the seismograph enables scientists 
to catch glimpses of the earth's internal 
structure. And as the telescope reports 
new comets and exploding stars, so, too, 
the seismograph provides a running ac
count of unusual activities: sudden 
spurts in the growth of new mountains, 
readjustments of internal forces in re
sponse to surface erosion, the collapse 
of subterranean caverns, the interplay of 
stresses set up by tides and shifting air 
masses. Thus the seismograph is an in
strument for investigating from a safe 
distance some of the most awesome spec-

h'lngcs of .002." ph05phor bronze 
clamped bdwccn ja.ws 

coil- 50,000 turns 
of #4-2 eno.meled 

c.cpper wire 
\ flexible. lead5 

from coil 

tacles staged on earth, as well as the 
only known tool for studying the planet's 
interior beyond a depth of six or seven 
miles. 

It is regrettable that amateurs thus 
far have not been much attracted by 
seismology. Thousands of telescopes 
have been built by laymen, but the num
ber of amateur seismographs in existence 
is very small. Professional seismologists 
have appealed repeatedly for amateur 
cooperation. To make a really detailed 
plot of the earth's interior, something 
still to be a'chieved, science must assem
ble observations from a closely spaced 
network of seismological stations, 

Our present knowledge of what lies 
beneath the earth's surface is vague and 
indistinct. In general, it is believed that 
the granite crust extends down about 30 
miles. Then, like the progreSSively thick
er rings of an onion, comes a layer of 
basalt and glassy rock to a depth of 
about 420 miles, and below that to some 
1,800 miles a layer or "mantle," prob
ably composed of metallic oxides, The 
core, roughly 4,100 miles in diameter, is 
believed to be liquid, but its exact con
sistency is unknown. Some theories call 
for convection currents in this plastic 
mass, supplying the forces that build 
mountains. But these are only informed 
guesses and must remain so until seismol
ogy assembles enough facts to bring into 
clear focus the picture of what lies such 
a relatively short distance beneath our 
feet. 

Details of an electronic seismometer 

Kammer believes that three mistaken 
impressions have discouraged amateurs 
from taking up seismology. First, most 
laymen think that nothing much hap
pens to a seismograph until an earth
quake comes along; and judging by ac
counts published in newspapers, quakes 
seem to be few and far between. Second, 
laymen look upon seismograph records 
as a rather dull succession of squiggles 
which earthquakes convert into a hope
less sbramble. Finally, the instrument 
strikes most laymen as a formidable 
piece of machinery. The few on public 
display feature massive frameworks 
anchored to concrete piers set in bed
rock. The amplifying levers pivot on 
sapphire jewels. Finely wrought clocks 
drive precision drums carrying cylinders 
of smoked paper that look messy to han
dle. Certainly such an instrument lies 
beyond the pocketbooks and home-
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workshop capabilities of most amateurs. 
Kammer admits that seismology owes 

most of its interest to earthquakes. Their 
waves do a lot of bouncing around on 
the layers inside the planet before regis
tering on the instrument. That is why 
earthquake waves carry so much infor
mation about the places they have been. 
Contrary to lay notions, however, earth
quakes are not rare. One occurs in some 
part of the earth on an average of every 
two hours and 27 minutes. Hence the 
analysis of quakes alone can become a 
full-time avocation. 

But as shown by Kammer's chart of 
the microseism on New Year's Day, the 
seismograph is by no means idle during 
intervals between earthquakes. The sur
face of the earth quivers endlessly in 
response to waves that rush at miles
per-second speeds in all directions. "A 
television set gives you far less action 
for your money," says Kammer. "With a 
little experience the records become not 
only easy to read but exciting. You can 
tell at a glance whether a quake orig
inated on the other side of the globe or 
only' a few thousand miles away, 
,whether it was a disturbance at the sur
face or a readjustment of deep forces. 
What seem meaningless wiggles become 
to the experienced observer images of a 
coastal region sinking beneath the sea, 
a distant storm center, the birth of a 
volcano-or merely a tell-tale trace that 
follows your wife as she walks from the 
kitchen to the living room." 

Kammer says that if he had to use one 
of the old museum-type seismographs 
his enthusiasm for seismology would 
probably dwindle. "I don't think I could 
work up much zest for a steam-driven 
bench saw today, either." Fortunately in 
our electronic age all engines have 
shrunk in size and cost, including the 
seismograph. The instrument Kammer 
has designed for amateurs sits on a plate 
only 20 inches long by 10 inches wide 
[see Rogel' Hayward's drawing on the 
opposite page J. It consists of three units: 
a seismometer, an amplifier and a re
corder. A horizontal beam, pivoted at 
one end, carries a coil of insulated cop
per wire at the opposite end which 
swings between the poles of a perma
nent magnet. This pickup or seismic coil 
serves as the bob of the seismometer's 
pendulum. Flexible leads connect the 
coil with a line leading to the amplifier, 
which, if desired, may be located a mile 
or more away from the seismometer. The 
amplifier drives an electrical registering 
pen. Kammer uses a standard 5-0-5 
milliampere Esterline-Angus recorder 
which he purchased on the war-surplus 
market. 

In addition to permitting the seismom
eter to be located at a remote point 
favorable to it, the design has other ad
vantages over old-type seismographs. 
Because it contains no delicate parts, the 

, 

• • • • • • • • 
A seismograph record showing microseisms 

unit may be moved without the risk of 
disturbing its adjustment. The equili
brium pOSition of the seismic coil is not 
critical, nor, for that matter, is the posi
tion of any of the parts with the excep
tion of the Cm'dan-type hinges. These 
must be in good alignment or unpre
dictable forces will be set up when the 
pendulum is near its zero position. The 
builder is free, therefore, to modify the 
design and "make do" with such parts 
as his junk box or the surplus market af
fords. Kammer's pickup coil is scramble
wound with 50,000 turns of number 42 
B-S gauge enameled copper wire, but 
both the number of turns and wire size 
may be varied. The coil swings between 
the poles of a war-surplus magnetron 
magnet. An electromagnet woul.d serve 
as well. The size of the air gap between 
the poles and the thickness of the coil 
is unimportant as long as adequate clear
ance is maintained. 

Kammer says that it is desirable to 
increase the voltage output from the 
seismometer by increasing the number 
of turns in the seismic coil until critical 
damping can be obtained by connecting 
a resistance of several megohms across 
it. The increased signal level permits the 
use of fewer stages in the amplifier. The 
unit is fitted with a cover to shield it 

from stray electrical and magnetic ef
fects. The circuit is so arranged that a 
small battery can be switched momen
tarily across the seismic coil, thereby 
driving it as a motor and deflecting it 
from its normal position of equilibrium. 
Upon disconnecting the battery, the 
coil is again connected across the input 
to the amplifier. In this way the free 
period of the undamped seismometer 
oscillation as well as the proper value of 
damping resistance can be determined 
without disturbing the cover. 

Perhaps the chief advantage of Kam
mer's instrument is the control it gives 
the observer over the character of the 
record. Unlike instruments that employ 
optical levers and record on photosensi
tive papers, the electronic seismograph's 
records can be observed continuously as 
they are being written. Faint, closely 
spaced microseisms can be enlarged at a 
twist of a knob to show as much detail 
as desired, while large-scale disturb
ances can be reduced, thus preventing 
the pen from swinging off the record 
sheet. 

As presently designed, the instru
ment has only one questionable feature. 
It is a "velocity" type seismograph; the 
electrical output of the seismic coil 
varies in proportion 'to the velOCity of 
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Circuit diagram for the seismometer amplifier 

the pendulum rather than its displace
mellt. Professional seismologists are in
terested in the shape of the displacement 
wave-the amount of the earth's excur
sion on either side of the point of 
equilibrium-rather than in the velocity 
of the excursion. Velocity graphs can be 
converted to displacement by perform
ing a single integration, easily accom
plished with one of the commercially 
available integrating devices or by feed
ing the output of the amplifier into an 
electronic integrating circuit of the type 
recently developed for electronic ana
logue computers. These circuits are sim
ple to build and the parts do not cost 
much. But Kammer says it is surprising 
how much you can learn from a straight 
velocity graph. He does not use an inte
grator. 

The most remarkable of the three 
units is the amplifier, which responds to 
frequencies extending from three cycles 
per second down to one cycle in twenty 
seconds. Kammer deliberately reduced 
the response of the amplifier to frequen
cies above three vibrations per second in 
order to suppress the effects of man
made disturbances such as motor traffic. 

Most long-period amplifying devices 
are troubled by a gradual drift of the 
zero or neutral recording position. Kam
mer's amplifier rsee diagram at top 
of this page] obtains long-term zero 
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stability by means of capacity-resistance 
coupling between the stages. The five
megohm grid leak (damping resistor) 
across the first of two special 10-micro
farad condensers gives the unit a 50-
second time constant. Hence it is possi
ble to observe typical seismograms 
containing vibrations up to a period of 
30 seconds. Gradual changes in the 
characteristics of vacuum tubes or bat
tery voltages do not occur rapidly 
enough, according to Kammer, to de
velop bothersome potentials across the 
grid resistors. The two 10-microfarad 
condensers are the only critical parts in 
the amplifier. They must be of the best 
quality and have at least 1,000 megohms 
leakage resistance. Condensers of this 
type are currently priced at about $10 
each. (They are available from Con
denser Products Company, Chicago.) 

The output stages consist essentially 
of a bridge circuit similar to those used 
in vacuum-tube voltmeters. The first 
tube of the bridge acts both as amplifier 
and phase inverter-riote the one-meg
ohm resistor between the plate of the 
first tube and the grid of the second-to 
drive the final tube's grid. This increases 
the unit's sensitivity. Current to drive the 
recorder is taken from across the cath
odes of the bridge tubes. If desired, 
voltage can be tapped from across the 
plates to operate a cathode-ray oscillo-

scope or other voltage-actuated device. 
Kammer made his gain control of fixed 
resistors that diminish by half-value 
steps from grid to ground, each tapped 
by a rotary switch. The positive action 
of the switch generates less noise than 
the potentiometer which has been sub
stitu.ted for simplification in drawing. 
The .l-microfarad capacitors, connected 
between the plates and ground, limit the 
upper-frequency response of the unit. 
Witl10ut them, nearby vibrations would 
unduly thicken the trace. . 

A well-regulated power supply may 
be substituted for battery operation. 
The heaters of the tubes are connected 
in series directly across the high-voltage 
supply through a dropping resistor 
which limits the current to 150 milliam
peres. Plate and screen voltages for the 
pentode stages are derived from bat
teries, even though a power supply is 
used. Batteries improve the stability of 
the unit and, since the current drain is 
small, they will last their rated life. 

The arrangement of the amplifier 
parts is not critical, though Kammer 
suggests some protection from vibration 
to eliminate microphonic qisturbances 
originating in the vacuum tubes. In 
using this amplifier it is important, he 
warns, to be aware of phase shift intro
duced by the coupling networks when 
signals from several seismometers are 
being correlated. When studying micro
seisms from simultaneous recordings of 
three instruments-the so-called "tripar
tite" arrangement-signals being com
pared have the same period and hence" 
experience the same amount of phase 
shift if the amplifiers are nearly identi
cal. This condition, Kammer explains, is 
easily achieved and can be tested by 
connecting the inputs of all amplifiers in 
parallel, driving them from one signal 
source and comparing the records on 
separate recorders. 

Although this remarkable amplifier 
was designed to operate from a velocity
type seismometer, it should perform 
equally well when driven by other long
period voltage sources. It takes little 
imagination to conceive of seismometers 
that would produce voltages proportion
ate to either pendulum displacement or 
acceleration. Beyond the field of seis
mometry, the amplifier should find wide 
application in stellar photometry and in 
other studies which require the record
ing of very low frequencies. 

ANOTHER unusual amateur seismo
ft graph is operated by Elmer Rexin, 
maintenance superintendent of the 
Nunn-Bush Shoe Co. in Milwaukee. It is 
as permanently based as Kammer's in
strument is mobile. It is a well-water os
cillation seismograph. Although Rexin's 
instrument is not without precedent, it 
is, so far as we know, the only one of its 
type now being operated by an amateur. 

Heavy earthquake shocks often cause 
water to squirt from the ground in some 
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regions. Small mounds of sand, resem
bling the craters of volcanoes, frequently 
mark the spots where underground wa
ter has erupted under pressures gener
ated by the quake. The flow of artesian 
wells and the general level of water in 
wells in the vicinity are disturbed by 
these quakes. Many wells have been 
equipped with apparatus for recording 
water level, as well as hydrostatic pres
sure, and some of the resulting records 
have shown typical earthquake waves. 

We are indebted both to Mr. Rexin 
and to Earthquake Notes, journal of the 
Eastern Section of the Seismological So
ciety of America, for the following ac
count of the Milwaukee well: 

"In 1925 the Nunn-Bush Shoe Com
pany added to its water supply by drill
ing a well to a depth of 380 feet and 
clearing it to 400 feet with a shot. The 
well was used until 1945, when gas 
contaminated the water. The casing was 
then plugged. In 1946 the United States 
Geodetic Survey received permiSSion to 
install a water-level recorder in the hole. 
Shortly after the instrument went into 
operation, groups of closely spaced, ver
tical lines appeared on the· charts. 

6�O' a.bove 
sea. level 

IJ � 
water fi I/e.d fault 

"These lines aroused my curiosity," 
Rexin writes, "and I consulted the head 
geologist of the Geodetic Survey ofWis
consin about them. We suspected that 
eartl1quakes might cause them. He re
quested reports from Washington, D. C., 
and when the cards arrived about three 
weeks later our guess was confirmed. 
The reported quakes coincided with the 
records made by the well. With our cu
riosity thus satisfied, we dismissed the 
subject and I paid no further attention 
to the well. 

"Then, on the afternoon of May 7, 
,1947, something happened that w�s to 
make a radical change in the way I use 
my off hours. An official of the company 
rushed into the maintenance shop at 
3: 38 and told me that the whole boiler 
room was shaking and that he had heard 
a deep, rumbling noise. Within seconds 
the chief engineer rushed in with the 
same story. Although I had felt or heard 
nothing, I wondered if the disturbance 
could be caused by an earthquake. So 
the three of us went down to the well, 
and sure enough there were the lines
big ones! I telephoned our newspaper 
office and the reporter tried to convince 
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revolution 
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A seismograph that utilizes an abandoned well 
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me that the shock came from a big ex
plosion on the southwest side of the city. 
But while I was speaking with him an
other reporter yelled that Father Joseph 
Francis Carroll, chairman of the depart
ment of physics at Marquette Universi
ty, had just reported a local earthquake. 
From that day forward I have been an 
earthquake enthusiast. 

"The next day I met Father Carroll 
and told him about the well. He was in
terested immediately and with his en
couragement I decided to equip the well 
with an improved recorder, one that 
would make an enlarged chart of the 
waves. In this new device [see drawing 
on preceding pagel the motion of the 
water is transferred from the well to the 
record sheet by means of a float and a 
counterweighted line which passes over 
a pulley above the well. This pulley is 
belted, in turn, to a pair of matched 
pulleys that carry an endless belt to 
which the pen is attached. The oscilla
tion of the matched pulleys causes the 
pen to move back and forth in a straight 
line. The record sheet is carried beneath 
the ,pen by a motor-driven drum. The 
drum makes one revolution in about 
four and a half hours. 

"The new recorder worked even bet
ter than we expected. The first markings 
to appear were not earthquake- waves 
but extremely long curves, two every 24 
hours, in the shape of perfect sine waves. 
Previously Father Carroll and I had dis
cussed the tides of Lake Michigan, and 
I now consulted the library of Milwau
kee's meteorologist. An early report by 
the U.S. Army Corps of Engineers 
showed that in spring the combined 
lunar and solar tides would amount to 
about two inches. When I made a check 
of the well against the predicted tides, 
and took measurements of them at the 
beach, all three corresponded. 

"Then I noticed that other curves 
were appearing on the graph. I sus
pected that variations in barometric 
pressure might be causing some of them. 
A microbarograph borrowed from the 
Johnson Service Company of Milwaukee 
proved that this was a good guess. 

"On May 29, 1947, the water rose 
and fell six tenths of a foot over a pe
riod of six hours, in addition to changes 
accounted for by the tide and barometric 
pressure. The following day I learned 
that a tidal wave had swept in on this 
side of the Lake with a great loss of 
property. So I had to add tidal waves 
to the growing list of events that dis
turb the well. 

"Earthquake waves were being im
pressed on the record right along, of 
course, and it was necessary to unscram
ble these other curves in order to inter
pret the quake records. While learning 
to do this I first observed a curious effect. 
As areas of high barometric pressure 
moved out over the Lake, the water level 
in the well would rise instead of going 
down. By this time I had learned to dis-

tinguish the small seiches caused by 
abrupt changes in barometric pressure 
during severe lightning storms. The 
seiches, tides, tidal waves and changes 
in barometric pressure at the Lake all 
appeared to operate in reverse of the 
well. When the water in the Lake rose, 
that in the well fell, and vice versa. 
Father Carroll and I discussed this with 
Father James B. Macelwane, head of , 
the Geophysics Technology Institute of 
St. Louis University. We reached the 
conclusion that the well is connected 
with the Lake by a natural tunnel of 
some sort. Hence the effect we observed 
is the normal functioning of a U tube
with the well forming one arm of the U 
and the Lake the other. 

"The sensitivity of the well to earth
quakes is probably accounted for by a 
water-filled fault that conneCts with the 
well at the 400-foot level, but until now 
we have not devised an experimental 
method for checking this theory. If our 
guess is correct, the action would be 
much like that of a syringe, with the 
fault serving as the rubber bulb. Pres
sure created by quakes would compress 
and expand 'the fault, thus forcing wa
ter into the well and sucking it out again. 
As a seismograph, the well is quite sen
sitive, and I have little trouble distin
guishing primary and secondary waves 
of even low-magnitude quakes. 

"At present I am interested in setting 
up apparatus for measuring short-period 
pressures that may be created in the 
well. The apparatus will consist of a 
waterproof microphone which will drive 
an electrical recorder through a high
gain amplifier. I once sank a microphone 
to a depth of 160 feet and detected a 
regular pattern of pressure waves, but 
the seal broke where the lead entered 
the water-tight container, and you can 
guess what the record showed after 
that." 

O
NE TEST of the quality of a tele

scope is to photograph the moon 
with it and note how much the photo
graph can be enlarged without loss of 
sharpness. The amateur telescope maker 
Henry Paul has made a photograph of 
the moon at the focus of his lO-inch, f/9 
reflector, where the image was eight 
tenths of an inch in diameter, which he 
was able to enlarge 20 times, giving an 
image of the moon 16 inches in diame
ter, before loss of sharpness became ap
parent. Usually a picture begins to be 
fuzzy with anything over a fivefold en
largement. Thus Paul beat par by four 
times. 

The photograph, enlarged five times, 
appears on the opposite page. In the 
photograph the moon is eight days old, 
or near its first quarter. The edge of 
darkness crosses the lofty Apennines, 
the finest range of mountains on the 
moon. Near their eastern (right-hand) 
end, isolated in black shadows as the 
moon rotates westward, is a tiny cusp 
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The moon with the crater Eratosthenes near the terminator 

of light. This is the eastern rim of the 
crater Eratosthenes peeping out of the 
night at first dawn. (On the moon the 
sun rises in the west.) At left on the 
next page is another photograph, taken 
one day later, which shows the entire 
Eratosthenes crater, 37 miles in diam
eter. The outer ring of the crater rises 
about a mile above the surrounding 
plain. The crater floor is more than a 
mile below the level of the plain. The 
central mountain rises to the level of 
the plain. 

It is easy to see the shape of a lunar 
crater as long as its parts cast shadows, 
but when the sun is high in the sky 
and they are illuminated on both sides, 
no shadows are cast. Even as large a 
crater as Eratosthenes can then so nearly 
vanish that an observer who has watched 
it and drawn it again and again at the 
telescope eyepiece may have difficulty 
in finding it. The right-hand illustration 
on the next page reveals the same area 
as its left-hand companion, photo
graphed at lunar noon, sun directly over-

head, full moon from the earth. Without 
the aid of the companion illustration it 
would be far from easy to find this crater 
amidst the camouflage that surrounds it. 
Other craters put on similar disappear
ing acts each month. 

The commonest method of becoming 
familiar with the moon's topography is 
to keep observing along the dark edge, 
because there the shadows easily inter
pret the relief. By doing this throughout 
the month, night after night as the day
night borderland creeps to the east then 
retreats to the west, the whole visible 
face of the moon is surveyed. Here many 
telescope users stop, and thus miss see
ing changes on the moon that were long 
ago minutely described by the American 
selenographer W. H. Pickering and oth
ers. Let us ferret out some of these 
changes. 

When the left-hand photograph was 
taken, the sun's altitude in the lunar sky 
was approximately equal to that on earth 
at 6:20 a.m. Close comparison with the 
right-hand illustration yields practically 
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2 lINITEr) � fstc���r 
i���orO�r �e�Z;��D 

a bhI:Jf.J!�� �... UNITED "SEAL OF QUALITY" 

."'.00........... "Best-By-1'est" binocular. Insist on it! 
UNI-COATED* *Interior sides of VITAL prisms and front 
and rear achroma tics have been COATED with Magnesium 
Fluoride to assure bl'ighter, sharper, clearer images. 

30 DAY MONEY BACK OFFER. BUY-TRY 
for 30 days. If not. satisfied return for 
imrne>dlat.e refund. Cash ordel'S sent post· 
paid. C.O.D.'s require $2.00 deposit. Add 
Federal Tax. 

F R E E 40 Page :1 calm" Fully Illus
trated Catalog listing over 75 
different binoculars $14.95 to 

$270.00. Rush name. 

UNITED BINOCULAR CO. 
9043 S. Western Ave., Dept. ARF-2827, Chicago 20 

UNITED BI NOCULAR CO., United Building, 
9043 S. Western Ave., Dept. ARF·2827, Chicago 20 
Please send me ............................ with case and straps. 

o Ship Prepaid. I enclose full payment of $ ........ . 
o I enclose $2.00 deposit. Ship C.O.D. for balance 

and postal charges. 

Name 

Address. 

City . ...... State 

DEALERS WANTED New Profit Plan 
\19 
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UNUSUAL 
OPTICAL BARGAINS 

IMPORTED MICROSCOPE 
100. 200. 300 Power ONLY' 

Good optical QuaUties. fine focus- $14.95 
�?I

g
un��l\ t��t

e
CW:Jn�rlgns1�os�I:: pos�aid 

IJI��1�1�� a�l��rs ���1c c�O����V!\�;g lOCULAR 
di�c-Iight adjustable miITOI'. 30 8J EeT I V E 
Sqmu'e stage 23/4" x 25/8"'. Truly LENSES u wonderful bargain. TRY IT • FO�( 10 DAYS-if not completely 

RACI( & �����s
cd

in'���d In�n�rU/d�,
unl���d PIN ION 

wood cas co F OCUSING 
Steck No. 70,008-5... . . ...... _.514.95 Postpaid 

Imported 50X Pocket Microscope. A S7.00 value. 
Stock ::: 30.013-5... . .... $3.49 Postllaid 

ASTRO TELESCOPE KITS 
Build instrument worth up 
to $600. Grind your own 
mirror. Order by l\Iirror 
Din. 
Stock # Size Pslpd. 

Pr ice 
70.003-5 .... 41/4" .... $ 7.00 
70,004-5 .... 6" 11.00 
70-005-5 .... 8" 18.00 

HAND SPECTROSCOPE 
an amazing offel'ing' at 
only one-half the usual 
cost fOl' an instl'ument of 
this type, Oil'ect vision
use to test your filters 
01' for quantitaUve 01' 
qualitative work in photog" 
I'uplly, ConH�8 in protccUve 
carrying' case, 
Stock No. 50,018-5 

$32.50 Ppd. 

� -r... NEW 30 POWER � TELESCOPE 
€I Complete wit" Tripod 

9 ... Unusual Bargain Price 

A beautifully made, sturdy, Imported 
Insuument \V.th dozens of uses. Spots 
22 call bel bullet holes at 200 yds. 
All metal ()I)(lv-focuses f10m approx. 
40 ft. to IIlfinlty. Achlomatlc obJec

tive-40 mm dia.-outside surface low reflection coated. 
Smooth slide focusing c.ve-piece. Eye·lens outside slll'face 
ceated. Lens erecting system. Images l'lght side up. Sturdy 
}�:r:t� �:r�".hW:rreradia,

be
ap�;��. �1�/�".

fO�ve�:hier
l
a

ii2 l\1�� : 
Stock No. 70,OI8-S .................................. 0nly $21.95 Postpaid 

NEW HUYGEN TYPE ASTRONOMICAL EYEPIECES 
-Imported! Mounted! Precision made! Standard 1%" out
side diam. 
Stock No. 30,063·5 .. , F L. 6 mm (1/4") .. $7.50 Pstpd. 
Stock No. 30,064-S . ....... F L. 12 5 mm (1/2") .... 6.00 Pstpd. 
Stock No. 30,065-S ........ F.L. 10 and 20 mm.. 8.00 Pstpd. 

{You have a choice of 2 powers by rearranging lenses. 
Directions includ�d. Chl'orne and black finish.} 

Order by Stock No.-Se1Id C11ecl.: or M,O. Satisfaction Guar
anteed! 

We have Literally Millions of WAR SURPLUS 
LENSES AND PRISMS AT BARGAIN PRICES 

Write for Catalog "S"-SENT FREE! 

EDMUND SCIENTIFIC CORP. 
BARRINGTON. NEW JERSEY 

YOU ... NEED THIS BOOK 

"inside story" of stopwatches. 
Illustrates patented spare parts (ompartment. 
Shows what to look for in 

a timer. (omplete, thorough. interesting. 
Must reading for users of stopwatches. 

• Brand new (Iebar (atalog . • •  

illustrates ond describes more 
than a score of stopwatches and 
(hronographs for every timing purpose. 

Write for your (Opy today! 

CLEBAR WATCH AGENCY' 521 Fifth Ave., N. Y. 17 
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no correspondence between the light 
and dark areas. The reason is that the 
dark areas in the first are the shadows 
of objects, while those of the other are 
not, for the sun is near the noon angle 
and shines down on all sides of all promi
nences. The dark areas seen in the right
hand photograph appear monthly in and 
around the crater between the 9 a.m. 
and 2 p.m. positions of the sun and keep 
shifting their position. What these 
patches are is unknown; they are not 
related to the moon's topography. The 
bright areas consist partly of streaks, 
best seen in the illustration through 
nearly closed eyelashes, and rounded 
plats where the streaks meet. These 
streaks and plats shift in pOSition each 
month, in approximately the same cycle. 
Most interesting is the fact that the· be
havior of the dark and bright areas varies 
from month to month in minor respects 
that are unpredictable. 

Pickering found it easier to observe 
Eratosthenes with a small telescope than 
Mars with a large one; the apparent 
diameter of Mars at its nearest is but 
half that of Eratosthenes, and Eratos
thenes contains far more detail than 
Mars. To show that the major changes 
on Eratosthenes can be observed with 
a six-inch telescope anywhere in the 
U. S . ,  he made drawings of it with only 
a three-inch telescope and a magnifica
tion of 90 from his home on the high 
plateau of the tropical isle of Jamaica, 
British West Indies, where the seeing is 
good. He systematized the study of the 
monthly changes by charting the eight 
fields in Eratosthenes as shown in the 
drawing on page 122. The following is 
his summary of the more marked 
changes that may be expected to be 
seen each month. The times given are 
not for a single day but Simply indicate 
the angle at which the sun is shining on 
the moon at the time of observation. At 
6:30 a.m. the summit of the central peak 
becomes visible. 

At 6:40 a "canal" (streak of bright
ness) joining the SC and SE fields may 
appear. 

At 7:50 fog begins to form within the 
crater, increasing till 10 a.m. 

At 7: 55 canals appear in the SE field. 
At 8:00 the eastern side of the NW 

field darkens. 
At 8: 20 the northern part of the bird

shaped NE field begins to fade and the 
southern part to extend. 

At 8:40 two dark spots in the E field 
unite. 

At 9: 20 the central field begins to nar
row at the northern end [see drawings 

. on page 122, corresponding l'espectively 
with SC and C fields at 8:30, 9:30 and 
10:30 a.m.]. The northern field crosses 
the crater rim from the outside and be
gins extending inside the crater. 

At 9:40 the SE field crosses the rim 
of the crater. 

At 10:00 the SC field darkens and a 
canal sometimes begins joining the SC 
and SE fields, while the southern part 
of the NE field begins 'to fade. 

At 10:40 the EC field darkens; at 
1:30 it is conspicuous, and at 5:00 it is 
lost in the shadows. 

At 10:50 the E field joins the NE, 
which soon begins to shrink. 

At 11: 00 the two arms of the SE field 
begin to curve inward. 

At 1: 00 the SC field becomes notched 
at the south (upper) end and at 3: 20 it 
fades out. 

At 2:00 the NE field begins to fade. 
These are only the major changes. 

There are so many minor ones that the 
principal difficulty of the selenographer 
is to sketch them as fast as they occur. 

The "canals" are streaks of brightness 
a mile or two in width-about one 200th 
the width of the Martian canals as seen 
at about 200 times the moon's distance. 
Pickering called these lunar streaks 
canals because they resemble the streaks 
on Mars that are called canals, though 
no water has ever been seen in them. 
The plats at their intersections resemble 
the lakes of Mars and, like some of them, 
shift in position. 

The fogs mentioned by Pickering oc
cur in craterlets usually less than one 
mile in diameter. These emit a brilliant 
white circular glow after being warmed 
by the sun. They remain conspicuous 
until sunset. Other selenographers have 
seen fogs in craterlets within Eratos-

Eratosthenes in shadow relief (left) and without shadows (right) 

© 1953 SCIENTIFIC AMERICAN, INC



S U P E R S O N I C  E Q U I P M E N T  

S P E E D S M I S S I L E  D E V E L O P M E NT 

AT N O R T H  A M E R I C A N  AV I A T I O N  
Why is it that today North American is  setting the 

pace in guided missile research and develoI?ment, 

just as for the past 1 5  years the company has set 

the pace in fighter aircraft development ? The an

swer to this question rests partly in the phenomenal 

equipment placed at the disposal of North Amer

ican engineers and technicians . 
Typical of this equipment is the world's largest 

privately owned supersonic wind tunnel ( above ) at 

North American Aviation . To test rocket and missile 

models,  this tunnel s imulates speeds over 4,000 
miles per hour.  The foresight to plan ahead and to · 
develop such ou tstanding engineering facilities 

explains North American's leadership in guided 

missile development. 

North American's Missi le  and Control Equ ip

ment Operations has outstanding career opportuni

ties for scientists and engineers . If you want to work 

on vital, advanced projects in aerodynamics, air

frame d e s i g n ,  s t r u c t u r e s  a n d  s t r e s s ,  propu l s i o n  

systems, rocket engines,  el ectro-mechanical and 

automatic control equipment, flight test in strumen

tation and associated operations , a brighter future 

is yours at North American. 

Write today for complete information, giving us 

your education and experience. 

NORTLI AAlERICAN AVIATION. INC. i Engineering Personnel Section, Missile and Control Equipment Operations 

1 2 2 1 4  Lakewood Bou levard, Dept. 95-5, Downey, Ca l iforn ia 
N O R T H  A M E R I C A N  H A S  B U I L T M O R E  A I R P L A N E S  T H A N  A N Y  O T H E R  C O M P A N Y  I N  T H E  W O R L D  

1 2 1  
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WAR SURPLUS BARGAIN 

Ipl l es 
A C H R O M AT I C  T E L E S C O P E  O B J E C T I V E S_Perfect 
Magnesium F l uoride Coated and cemented Gov't 
Surplus lenses made oC fiQcst Crown and Flint op
tical glass. They nre fully corrected and ha\'c tre
mendous resolving power and can be read ily used 
with 1/4 " F . L .  eyepieces. Guaranteed well suitee} for Astroll o m i Nt l  Telescopes, Spott ing Scopes, etc. 
Original Gov ' t  cost apPl'oxlmntely $ 1 00.00 each. 

])i ameter li'ocnl J.ength Each 

54m/m ( 2 18 " )  300m/m ( 1 1 . 8 1 1 " )  . . . . . .  $1 2.50 
54m/m ( 2 18 " )  330m/m ( 1 3 " )  . . . . . . . . . $ 1 2.50 
54m/m ( 2 18 " )  390m/rn ( 1 5 . 356")  . . . . . . . $ 9.75 
5 4 m / m  ( 2 18 " )  508m/m ( 2 0" ) . .  . . . . . .  $ 1 2.50 
54m/m ( 2 18 " )  600m/m ( 2 3 % " )  . . . . . . . . .  $ 1 2.50 
78m/m (3';'' ' )  381m/m (15")  . . . . . . . . . . . $21 .00 
80m/m ( 3';'' ' )  495m/m ( 1 9 % " )  . . . . . . . . . . $28 . 00 
81m/m ( 3-& " )  622m/m ( 2 4 % " )  $22. 50 
83m/Ill ( 3 14 " )  66001/m ( 2 6 " )  . . . . . . . . . . . . . .  $28 . 00 
83m/m ( 3 '4 " )  7 1 1 m/ m  ( 2 8 " )  . . . . . . . . . . . . .  $28.00 
83m/m ( 3 \> " )  876m/m ( 3 4 % " ) . . . . . .  $28.00 
83m/m ( 3 % " ) l 016m/m ( 4 0 " ) . .  . . ,S30.00 

1 1 0m/m ( 4 % " )  1 069m/m ( 4 2';''' ) . . . . . . . . . . $60.00 
We can s u p p l y  AL U M I N U M  T U B I N G  for the above 
l e nses.  
S Y M M E T R I C A L  E Y E P I EC E  L E N S  SET-These sets 
cons h:t or two Magnes ium·FluorJdc coated and ceo 

G
t���e� I

��l r
n
�

,
n�n��i

d
�xnct 9ov't spacing d iagram. 

'h" E.F.L. ( 2 0X )  Lens Set 1 3 m/m Dia . . . . . $4 . 50 
%." E.U' .L. ( l 3X ) Lens Set 1 8 m/m Dia . . . . . . . . 3 . 50 
M O U N T E D  E Y E P I EC E  has 2 perrect lenses 29mm t n  (l i a .  Designed i n  order to �Ive good eye r e l i e f  Cell fits 1 1/4" t u b e .  1 1/4" E.F.L. (8X) . . . . . . . . . . . . S4. S0 
Recta n g u lar M a g n i fyi n g  Lens-Seconds sells 

for $6.50. Size 2" x 4/1 . . . . . . . . . . . . . . . . . . . . . . . . . .  : . . . . . . . . . .  $ 1 .00 
F i rst S urface M i rror 14"x16" 1,4 " thick . . . . . . .  I 0 . 00 
F i rst S urface M i rror 8"xlO" 14 "  thick . . . . . . . .  4.25 
F i rst Surface M i rror 4 "x4" %, "  thick. . . . . . . .  1 . 50  
F i rst S urface M i rror U,, "xl lh "  fa" thick . . . . . . . . . 25  
O pt i c a l  Peell S i g h t-Use as camera viewfind-

er. etc. Dia. 11 12", weight 1% oz . . . . . . . . . . . . . . . . . $ 1 .00 
L E N S  C L EA N I N G  T I S S U E-500 sheets 7 % " x 
1 1 " .  Bargain priced at on ly . . . . . . . . . . . . . . . . . . . . . . . . . . .  $ 1 .00 

W e  I lay the P O S T A G E-C. O . D . ' s  you Ilay postage 
_Sati sfact i o n  g uaranteed or money refunded if 
returned w i th i n  10 d ays- D ue to m i l i tary p r i o r i . 
t i es ,  d e l ays of 6 to 8 weeks on s o m e  i tems.  

A. J A E G E R S  ��f:
B
Wgro i�� N�o�� 

r - - - - - - ·- - - - . 

ENGINEER ! 
I 
I 
I 

: � 
IS YOUR WORK 
STIMULATING ? 

• 
ARE YOU CHALLENGED 

BY YOUR JOB ? 
• " ARE YOU RECEIVING 

PROFESSIONAL 
RECOGNITION ?  

SYLVAN IA 
believes i n  building men 

The company, now in its 5 1st year, 
is expanding rapidly. Net sales this 
year exceed 1938 by 16 times. 
Additional high caliber men are 
needed with training and experi
ence in all phases of electronics, 
physics and mechanics. 

Write us about yourself, if your 
experience and future plans fit into 
this picture. 

JOHN WELD 
Department E 

SYLVANIA ELECTRIC PRODUCTS INC. 
I 7r Radio and Television Division 
I 254 Rono Street 

L _ _  ._ �uff� �N: ::rk 
_ _ _ J 
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Changing areas on Eratosthenes and examples of change 

thenes. The British selenographer Pat
rick A. Moore calls them mists. He says 
their existence "cannot be questioned, 
as the evidence is overwhelming; various 
craters have at various times been seen 
mist-filled." 

Pickering argued that because the 
markings on the moon and on Mars are 
neither shade nor shadow they must be 
either changeable surface discolorations 
or something growing or something 
moving over the surface-"mineral, veg
etable or animal." He found that the 
"vegetation" in general is gray, like sage
brush; in places near the moon's equator 
it is purplish black, like lichens. Eratos
thenes is one of a number of oases in 
the desert waste of the moon's surface. 
The "vegetation" is often associated with 
minute craterlets within large craters. 
Its growth and decline must be very 
rapid. 

After Pickering published his findings 
in Popular Astl'Onomy (November, 
1919; August-September, 1921; May, 
1922; February, 1924; May, 1924; 
August-September, 1924) critics dis
missed the alleged changes as due mere
ly to the shifting of shadows and the 
changing angle of illumination. Picker
ing replied: "If so, why do they always 
appear at full moon? How explain dark 
markings that advance towaI·d the set
ting sun?" He denied that he had said 
that terrestrial vegetation would be pos
sible on the moon. The lunar "vegeta
tion" must be very different from that of 
the earth and we know nothing about 

what it is like. The same would be true, 
he said, if the dark areas were swarms 
of ant-sized insects migrating. 

After Pickering had published his ar
ticles, the Italian selenographer Mentori 
Maggini spent several days discussing 
the moon and Mars with him and later 
made drawings of Eratosthenes with a 
IS-inch refractor in Sicily. He verified 
nearly all the details of Pickering's draw
ings. He, too, saw the canal-like streaks 
and noted they were continuously visi
ble, unlike those of Mars, which peep 
out for no longer than one fiftieth of a 
second or at most a second. He said they 
resembled the lines of Mars and asked, 
"Does this similarity lead us to believe 
that we have to do with the same 
phenomenon, an optical one?" 

Maggini's optical interpretation of the 
moon's changes was this: "The glimpsed 
details, or invisible ones, are gathered to
gether and integrated into linear sensa
tions or into spots. From the point of 
view of the optical theory these lines and 
spots are the means by which the eye of 
the observer, who always wishes to see 
something, succeeds in representing 
fleeting detail. In the region of Eratos
thenes it has seemed to me that a great 
number of lines have their origin in the 
contrast between two bright areas; when 
two bright regions form, one can see be
tween them a dark line. And the optical 
theory explains the displacements of the 
fields and canals by a change in the 
maximum distribution of elementary 
spots scattered over a region." 
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Agency : F. H. Faber, Advertising 

EXAKTA C A M E R A  C O M P A N Y . . .  1 02 

J UNE, 1 953 

FA I RCH I L D  E N G I N E  & A I R P LA N E  C O R-
P O RAT I O N  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1 2 

Agency : B uchanan & Company, I n c .  

F E N W A L ,  I N C O R P O RA T E D  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B 5  
Agency : J a m e s  Thomas Chirurg Company 

F I S H E R  R E S EA R C H  L A B O RATO RY, I N C . . .  7 6  

G E N E R A L  C O N T R O L S  C O M P A N Y  . .  
Agency : H i xson & J orgenscn, I n c .  

G E N E R A L  E L ECT R I C  C O M P A N Y . . .  1 1 3 
Agency : :Mohawk Advertising Company 

G E N E R A L  E L ECT R I C  C O M P A N Y ,  X-RAY 
D E P A R T M E N T . 1 03 

Agency : Klau- Van Pietcrs o m - D unlap Associates, 
Inc. 

G I LS O N  S L I D E  R U L E  C O .  9 9  
G LYC E R I N E  P R O D U C E R S '  A S S O C I AT I O N  8 6  

Agenc y : G .  M .  Basford Company 

G O O D R I C H , B .  F. ,  C H E M I C A L  C O M -
P A N Y  . . . . . . . . . . . . . .  I N S I D E  BAC K C O V E R  

Agency : T h e  Griswold- Eshleman C o .  

G O O DY E A R  A I R C R A FT C O R P O RAt i O N  
Agency : K udner Agency, Inc.  

H A Y D O N ,  A.  W.,  C O M P A N Y . .  1 02 
Agenc y : Cory Snow, I n c .  

H A Y D O N  M FG .  C O . ,  I N C  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  B 4  
Agency : H u g h  H .  Graham & Associatcs, I n c .  

H I G H  V O LTAG E  E N G I N E E R I N G  C O R-
P O RA T l O N  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 8  

Agency : Engineered Advertising 

H I L L Y E R  I N ST R U M E N T  C O M PA N Y ,  I N C  . . . . 94 
Agency : Renner Advertisers 

H U G H ES R E S E A R C H  A N D  D EV E LO P M E N T  
LA B O RATO R I ES . . . . . . . . . . . . . . . . . . . .  B 7  

Agency : F o o t e ,  Cone & Belding 

I N Di��A 
. .  

Sr.��� P �?���:S ��� ���Y : 84 
Agency : The Fensholt Advertising Agency 

I N T E R N AT I O N A L  B U S I N ES S  M A C H I N ES 
C O R P .  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 07 

Agency : Cccil  & Presbrey, I n c .  

J A C K  & H E I NTZ,  I N C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67 
Agency : Fuller & Smith & Ross, I n c .  

J A E G E R S ,  A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 22  
Agenc y : C a r o l  Advertising Agency 

K A l f�� A L U M I N U M  & C H E M I CA L  S A L E S ,  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 1 , 22 

Agency : Young & Rubicam, I n c .  

K ETAY M A N U FA C T U R I N G  C O R P . . .  8 1  
Agenc y : H i cks & Greist,  I n c .  

K O P P E R S  C O M P A N Y ,  I N C . ,  C H E M I CA L  
D I V I S I O N  ( C H E M i CA L S )  . . . . . . . . . . . . . . . . . . . . . . . . . . .  BO 

Agency : Batten, Barton, Durstine & Osborn, I n c .  

K O P P E RS C O M P A N Y ,  I N C . ,  C H E M I C A L  
D I V I S I O N  ( P LAST i C S )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 2  

Agenc y : Batten,  Barton, Durstine & Osborn, I n c .  

L E I TZ,  E . ,  I N C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 24 
Agency : N. W. Ayer & Son, Incorporated 

L I B RASCO P E ,  I N C O R P O RAT E D  . . . . . . . . . . . . . . . . . . . . . .  . .  
Agency : Western Advertising Agency, Inc.  

L l N G U A P H O N E  I N S T I T U T E . . . . . . . . . . . . . . . . . . . . . .  1 1 0 
Agency : Kaplan & Bruck Advertising 

LOC K H E E D  A I R C R A FT C O R P O R AT I O N . .  I I I  
Agenc y : Hal Stebbins,  I n c .  

LYC O M I N G  D I V I S I O N S-AVCO M A N U -
FACTU R I N G  C O R P . . . . . . . . . . . . . . . . . . . .  1 0 1  

Agency : Benton & Bowles, Inc.'  

M A CA N D REWS & F O R B E S  C O M P A N Y . . .  4 9  
Agenc y : G r a y  & Rogers, Advertising 

M A L L O RY ,  P .  R . ,  & C O . ,  I N C . . .  1 9  
Agency : T h e  Aitkin· Kynett C o .  

M A R I O N  E L ECT R I C A L  I N ST R U M E N T  
C O M P A N Y  9 1  

Agency : h'Ieissner & C ulver, I n c .  

M A XS O N ,  W .  L . ,  C O R P . ,  T H E .  l i B 
Agency : Diener & Dorskind Incorporated 

M E L P A R ,  I N C  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 0 9  
Agency : E q u i t y  Advertising Agency 

M I N I A T U R E  P R EC I S I O N  B EA R I N G S ,  I N -
C O R P O RA T E D  1 3  

Agenc y : A d · Service I n corporated 

M I N N EA P O L I S- H O N EYW E L L  R E G U LAT O R  
C O .  1 1 7 

Agency : .Foote,  Cone & Belding 

M I N N EA P O L I S- H O N EYW E L L  R EG U LA T O R  
C O . ,  I N D U S T R I A L  D I '.' i S , O N . . . .  . .  . . . . . . . . .  , 9 3  

Agency : The Ait�d n · :cyneu C o .  

N O O N D AY P R ES S ,  T H E . . . . . . . . . . . . . . . . . . . . . .  1 1 2 
Agency : :Mort Junger Advertising 

N O RTH A M E R I CA N  AV I AT I O N ,  I N C . .  1 2 1  
Agency : Batten,  Barton, Durstine & Osborn, I n c .  

O H M I T E  M A N U FACTU R I N G  C O  . . . . . . . . . . . . . .  9 5  
Agenc y . T h e  Fensholt Advertising Agency 

O P P L E M  C O M P A N Y ,  I N C . . . . . . . . . . . . . . . . . . .  . 54 
Agenc y : Kelly, Nason, I n corporated 

P I TTS B U RG H  C O K E  & C H E M I C A L  C O . . .  75 
Agenc y : Walker & Downing 

P I TTS B U RG H  LECT R O D RY E R  C O R P O RA-
T I O N  48 

Agenc y : Fuller & Smith & Ross, I n c .  

P O T T E R  & B R U M F I E L D . .  7 0  
Agency : LaGrange & Garrison Incorporated 

P R I N C ET O N  U N I V E R S I TY P R ES S . . .  1 09 
Agency : Sussman & Sugar, I n c .  

RAD I O  C O R P O RAT I O N  OF A M E R I CA .  . .  96 
Agenc y : J. Walter Thompson Company 

R A D I O  C O R P O RAT I O N  OF A M E R I C A ,  
S P E C I A L I Z E D  E M P L OY M E N T  D I V I S I O N  1 04 

Agency : Al Paul Lefton C ompany, I n c .  

RAYTH E O N  M A N U FACT U R I N G  C O M -
P A N Y  

Agency : Walte r  B .  S n o w  & Staff, I n c .  

R E M I N GT O N  RA N D  I N C .  
Agency : Leeford Advertising Agency, I n c .  

5 4  

1 7  

R E P U B L I C  S T E E L  C O R P . . . . . . . . . . . . . . . . . . . . . . . .  55 
Agency : Meldrum & Fewsmith,  I n c .  

R I N E H A RT & C O M P A N y. . . . . . . . . .  1 06 
Agenc y : Franklin Spier,  I n c .  

ROGERS C O R P O RAT I O N .  
Agenc y : The Charles Brunelle Company 

RO H M  & H A A S  
C O M PA N Y  . . . . . . . . . . . . . . . .  I N S I D E  F R O N T  C O V E R  

Agency : John Falkner A r n d t  & Company, I n c .  

R O N A L D  P R ES S  C O M P A N Y ,  T H E . . .  1 07 

S A N B O R N  C O M P A N y . . . . . . . . . . . . . . . . . . . . .  7 7  
Agenc y : Meissner & Culver, I n c .  

S I G M A  I N ST R U M E N T S , I N C . . . . . . . . .  50 
Agency : Meissner & Culver, Inc.  

S P E R R Y  P R O D U CT S ,  I N C  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  79 
Agency : H ugh H. Grah am & Associates, I n c .  

STAT H A M  L A B O RATO R I ES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  74  
Agen c y : Western Advertising A g e n c y ,  I n c .  

STO K ES, F.  J . ,  M A C H I N E  C O M P A N y  . . . . . . . . . . . .  1 5  
Agency : John M a t h e r  L u p t o n  Company, I n c .  

S Y LVA N I A  E L E CT R I C  P R O D U CTS I N C  . . . . .  1 22 
Agen c y : Melvin F. Hall Advertising Agency, I n c .  

S Y N T H A N E  C O R P O RAT I O N .  B3 
Agenc y : John Falkner Arndt & Company, I n c .  

T H O M P S O N ,  H .  I . ,  C O . ,  T H E .  I I  
Agen cy : A b b o t t  Kimball Company of  Cali fornia 

U N I T E D  B I N OC U LA R  C O . .. 1 1 9 
Agenc y : E. H .  Brown Advertising Agency 

U N I T E D  SC I E N T I F I C  C O . .  99 
Agency : Lloyd Advertising, Inc.  

U N I V E R S A L  D R A FT I N G  M AC H I N E  C O R P .  76 
Agenc y : G .  M .  Basford Company 

W H I T E ,  DAV I D ,  C O M P A N Y .  86 
Agency : Klau· Van Pietersom·D unlap Associates, 

I n c .  

Y A L E  U N I V E R S ITY P R ES S  . . . 1 1 2 
Agenc y : Franklin Spier, I n c .  

1 23 
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BuYYOUr o� 

Medical 
Microscope now-

Leitz Monocular 
Microscope, 

Doctors and scientists the world 

over still use the Leitz Micro· 

scopes they bought and used 

in school. They've found them 

more durable, and infinitely 

more accurate than any other 

make they've tried. Take a tip 

from these men. 

Make a lifetime investment. 

Buy a Leitz microscope now. 

Ask your dealer for a look at 

the Leitz Medical Microscope 

and COMPARE it with other 

instruments . • •  SEE the differ· 

ence in workmanship, more 

detailed image and ease of 

operation. 

use it for a 

lifetime 
of practice 

Leitz Interchangeable 
Inclined Binocular 

Microscope, 
Model BS 48/92K 

For details write Dept. SA 

E. LEITZ, Inc., 468 Fourth Avenue, New York 16, N. Y. 

LEITZ MICROSCOPES . SCIENTIFIC INSTRUMENTS 

BINOCULARS . LEICA CAMERAS AND ACCESSORIES 

See us June 1 through 5 at American Medical Association Convention 

at Grand Central Palace, New York, N. Y. 

BIBLIOGRAPHY 
Readers interested in further mading 

on the subjects covered by articles in this 
issue may find the lists below helpful. 
The lists are !lOt intended as bibliogm
phies of source material for the artic/es. 
The mferences selected will proVide 
supplementary information. 

STONEHENGE 

TIm AGE OF STONEHENGE. E. Herbert 
Stone in. The Nineteenth Century and 
After, Vol. 95, pages 97-105; January
June, 1924. 

UNDERWATER TELEVISION 

UNDERWATER TELEVISION. W. R. Stamp 
in Discovery, Vol. 13, No. 9, pages 
293-296; September, 1952. 

A VERSATILE VIRUS 

VIRUSES THAT REPRODUCE IN PLANTS 
AND INSECTS. L. M. Black. ViTUS and 
Rickettsial Classification and Nomen
clature in Annals of the New York 
Academy of Sciences, Vol. 56, pages 

. 398-413; March 31, 1953. 

THE SIZE OF THE UNIVERSE 

THE UNIVEHSE FROM PALOMAH. George 
W. Gray in Scientific American, Vol. 
186, No. 2; February, 1952. 

CHELATION 

CHEl\USTHY OF THE METAL CHELATE 
COMPOUNDS. Arthur E. Martell and 
Melvin Calvin. Prentice-Hall, Inc., 
1951. 

THE SKIN OF YOUR TEETH 

DENTAL SCIENCE AND DENTAL AHT. 
S. M. Gordon. Lea & Febiger, 1938. 

THE ENAMEL-THEN AND Now: A BOT
TLENECK IN THE PHOGHESS OF PREVEN
TIVE DENTISTRY. Reidar F. Sognnaes 
in Harvard Dental Alumni Bulletin, 
Vol. 7, No. 4, pages 3-9; November, 
1947. 

THE OPOSSUM 

STUDIES ON REPRODUCTION IN THE OPOS
SUM (DIDELPHIS VIRGINIANA VIR
GINIANA). Harold C. Reynolds in Uni
versity of California Publications in 
Zoology, Vol. 52, No. 3, pages 223-
284; 1952. 

QUICKSAND 

THE NATURE OF QUICKSANDS. C. L. Boltz 
in Discovery, Vol. 13, No.2, pages 
47-49; February, 1952. 
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Anolher new developznenl using 

B. r. Goodrich Chemical Compaay raw znalerials 

A dramatic example of GEON'S versatility! 

DAMS are built in huge concrete 
sections and there has always been 

trouble where two blocks join. Strip cop
per and other materials were used as water 
stops to prevent leakage when the con
crete shrinks. Some proved unsatisfactory 
or too costly-then an engineer developed 
this water stop made of Geon polyvinyl 
plastic, shown above. 

This extruded water stop comes in 
lengths of 100 feet and is cut up by a saw 
or knife to the right length. It is easy to 
install-sections are simply welded to
gether by applying a torch or electric 

knife to the ends and pushing together. 
Because it is made of Geon, the water 
stop resists chemical action of concrete, 
temperature changes and is economical 
in both labor and materials. 

This principle of Geon plastic joint 
seal may srart you thinking of other uses 
where Geon' s many ad vantages fill the bill. 

For versatile Geon materials-includ
ing resin, latex and compounded plastics 
-have hundreds of uses. They resist heat 
and cold, weather, aging, and most chem
icals. They take any color, brilliant or 
delicate as desired. Perhaps Geon ma-

terials can help you solve a problem, 
improve or develop a product. We'll help 
with technical advice. For information, 
please write Dept. D-3, B. F. Goodrich 
Chemical Co., Rose Building, Cleveland 
IS, Ohio. In Canada: Kitchener, Ontario. 
Cable address: Goodchemco. 

GEON RESINS. G OOD-RITE PLASTICIZERS • • •  the ideal team to make products easier, better and more saleable. 

GEON polyvinyl materials. HYCAR American rubber. GOOD-RITE chemicals and plasticizers. HARMON organic colors 
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To you and the other young people graduating from high school this June - , 
congratulations! You have passed an important milestone. And there are other 
milestones of achievement ahead - especially for those of you who decide 
to continue your education in chemistry. 

For things are happening fast in the chemical field. New products, new 
materials, even new industries like plastics and man-made textiles are 
being created. And with each new development or discovery come new 
opportunities for young men and women trained in chemistry, engineering, 
medicine, biology, pharmacology, and other branches of science. Never before 
have young people been offered such a variety of careers to fulfill their 
ambitions and make such satisfying use of their knowledge and training. 

American Cyanamid Company is one of the leaders in the chemical industry 
which is helping to provide a future for so many members of our 
younger generation. 

• 

AMERICAN C;onanuil COMPANY 

30 ROCKEFelLER PLAZA, NEW YORK 20, N. Y. 
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