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Unlocking the secrets of the unLverse 

AMAZING TEXTILE FIBERS spun out of natural gas . . •  

wonder drugs squeezed from a lump of coal ... shining 
stainless steel forged from drab, brownish earth. 

These m.an-made m.al·vels - and nearly everything 
else that is vital to modern living - were born in the 
minds and hands of research scientists in their search 
for a better understanding of our world. 

Never satisfied with things as they are, the research 
scientist takes apart the raw materials of nature to cap
ture the basic "building blocks" of the universe. Then 
he rearranges and combines the pieces into new and 
better things that help improve our lives. 

Hundreds of useful products have been created 
from such basic substances as oil, natural gas, ores, air, 
and water. And the wonders yet to come, the exciting 

things of tomorrow, are being sought and found in the 
research laboratories of today. 

Research is a living thing to the people of Union 
Carbide-for it is the foundation upon which their work 
is built. The elements of the earth are a constant chal
lenge to their insatiable curiosity and technical skills. 

FREE: Learn how Union Carbide products and research 
help satisfy basic human needs. Write for "Products and 
Processes" booklet H. 

UNION CARBIDE 
AND CARBON CORPORATION 

30 EAST 42ND STREET l!I!! NEW YORK 17, N. Y. 

In Canafla: UNION CARBIDE t:ANADA LIMITED, Toronto 

---------------- UCC's Trade-marked Products include 

SYNTHETIC ORGANIC CHEMICALS PRESTONE Anti·Freeze EVEREADY Flashlights and Batteries PREST-O-LITE Acetylene 

Dynel Textile Fibers ELECTROMET Alloys and Metals HAYNES STELLITE Alloys UNION Carbide LINDE Oxygen 

UNION CARBIDE Silicones BAKELITE, VINYLlTE, and KRENE Plastics NATIONAL Carbons CRAG Agricultural Chemicals PYROFAX Gas 
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�EETING A DECADE OF CHALLENGES 

From the P-80 Shooting Star to missile 
star shooting, the past ten years of technological 

advancement presented many challenges to the 
Avionics industry and G. M. Giannini & Co., Inc. 

Now, with a wealth of engineering experience and 
increased production facilities, Giannini is looking 

forward-with confidence-to meeting a new 
decade of even more exacting challenges. INSTRUMENTS • CONTROLS 

0 .. 1\-1:. GIANNINI & co . .  INC . •  PASAD�NA .. CALIFORNIA 
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from this •• 

in 3/5 of a 

second /* 
Two elements-the rugged, inexpensive FINGRIP, and 

the fully automatic, easily·loaded TERMATIC -form 

the new Burndy FINGRIP METHOD, permitting a speed 

and ease of uniform electrical termination never 

before possible. NO PEDALS OR LEVERS TO PRESS, 

and no pre· positioning of wire necessary-insertion 

of the wire end actuates the TERMATIC, virtually 

eliminating rejects and minimizing operator fatigue. 

The machine is quickly and easily loaded 

(less than 15 seconds) and is completely enclosed 

for operator's protection. The FINGRIP, an inexpensive, 

quick·disconnect terminal, has FOUR individual 

pressure elements-permitting greater flexibility and 

abuse without damage. Write Omaton Division, 

BURNDY, Norwalk, Connect. for general information 

or for solutions to specific terminal problems. Our en· 

gineers are always available for personal consultation. 

·6000 per hour by actual customer test. 

Omaton Division, BURNDV • Norwalk, Connect. • Toronto, Canada • Factories: New York, Calif., Toronto 

2 

© 1956 SCIENTIFIC AMERICAN, INC



SCIENTIFIC 
Established 1845 AME RI CAN" September, 1956 

ARTICLES 

Volume 195 Number 3 

72 THE UNIVERSE, by Harold P. Robertson 

An introduction to an entire issue on astronomy as it is related to cosmology. 

82 THE OlUGIN OF THE ELEMENTS, by William A. Fowler 

How the heavier atoms may have been built up from hydrogen inside the stars. 

92 THE CONTENT OF GALAXIES, by Walter Baade 

Old and young stars reflect the current and historic processes of the universe. 

100 THE EYOLUTION OF GALAXIES, by Jan H. Oort 

An explanation of how various types may have descended from a primordial gas. 

125 COLLIDING GALAXIES, by Rudolph Minkowski 

They generate strong radio signals and may extend our reach into distant space. 
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204 RADIO GALAXIES, by Martin Ryle 

The distribution of radio sources suggests that most are colliding galaxies. 

224 COSMOLOG Y AND SCIEi\CE, by Herbert Dingle 

Earlier cosmologies hindered the advance of knowledge. Do modern cosmologies? 

DEPARTMENTS 

22 LETTERS 

44 50 AND 100 YEARS AGO 

58 THE AUTHORS 

110 SCIENCE AND THE CITIZEN 

241 BOOKS 

259 THE AMATEUR SCIENTIST 

278 BIBLIOGRAPHY 

80 A RO O F ED ITO R S Gerard Piel (Publisher), Dennis Flanagan (Editor), Leon Svirsky (Managing Editor), 
George A. W. Boehm, James R. Newman, E. P. Rosenbaum 

ART 0 I RE C TOR James Grunbaum 

G ENE R A L MAN AGE R Donald H. Miller, Jr. 

A D V E R TIS I N G MAN AGE R Martin M. Davidson 

COPYRIGHT 1956 IN THE U. S. AND BERNE CONVENTION COUNTRIES BY SCIENTIFIC AMERICAN, INC. ALL RIGHTS 

RESERVED. ENTERED AT THE NEW YORK, N. Y., POST OFfiCE AS SECOND-CLASS MATTER JUNE 28, 1879, UNDER THE 

ACT OF MARCH 3, 1879. ADDITIONAL ENTRY AT GREENWICH, CONN. SUBSCRIPTION RATE IN THE U. S. $5 PER YEAR. 

3 

© 1956 SCIENTIFIC AMERICAN, INC



A QO® Chemical Use Report 

What Leather and THFA® 
Have to do with your Planning 
Leather finishers know Quaker Oats' tetrahydrofurfuryl alcohol 
(THFA) and what it does for their product. THFA's action as an 
efficient dye driver effects deep penetration of difficultly soluble dyes 
without disturbing the fat liquor balance necessary for flexibility 
and "feel" of leather. This is just one example of product improve
ment through Quaker Oats' chemicals-for-industry. 

Furfural, furfuryl alcohol as well as THF A are now playing an 
important part in over 50 industrial applications. There is virtually 
no industry that cannot benefit from one or more of the characteris
tics of these basic chemicals. 

a few current uses 

Various QO chemicals are used in the production of resins, synthetic 
rubber, nylon, brake linings, grinding wheels, pharmaceuticals, ply
wood, castings, food supplement; in refining lubricating oil, middle 
distillates, rosin, and butadiene. 

To make sure you are up-to-date on QO chemicals, write for your 
copy of Quaker Oats' Bulletin No. 201-A. Decide for yourself whether 
you should investigate further ... whether you can use one of these 
products creatively in your planning. If you will mention the nature 
of your interest, or the products you manufacture, we will try to 
include appropriate material dealing with specific applications. 

Ask for General Information Bulletin 201-A 
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334M The Merchandise Mart, Chicago 54, illinois 

Room534M, 120 Wall Street, New York 5, New York 

Room434M, Main P. O. Box 4376, Portland 8, Oregon 

In Europe: Quaker Oats-Graanproducten N. Y., Rotterdam, 
The Netherlands; Quaker Oats (France) S. A., 3, Rue Pillet-Will, 
Paris IX, France; A/S "Ota," Copenhagen, S. Denmark 

In Australia: Swift & Company, Pty., Ltd., Sydney 

In Japan: F. Kanematsu & Company, ltd., Tokyo 

THE COVER 

The picture on the cover shows a 
typical pre-Copernican cosmology. 
It accompanies a German text trans
lated in the 15th century from the 
Arab astronomer Alchabitius, or 
Abd-al-Aziz. The earth is in the cen- . 
ter. The sun (top) travels around it. 
The planets (upper left) and the 
moon (bottom) move in epicycles. 
Around all of these objects is the 
fixed firmament of the stars, here rep
resented by the signs of the zodiac. 

THE ILLUSTRATIONS 

Cover from the Pierpont 
Morgan Library 

[Editor's note: All illustmtions in 
this issue are from the M ount Wilson 
and Palomar Observatories unless 
otherwise indicated.] 
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POROSITY 

Kanigen nickel-phosphorus coatings, 
deposited 0.0002" thick on polished 
steel specimens, display no evidence 
of porosity when submitted to test 
in aerated, 185° F water. 

Kanigen deposits, 0.0002" thick on 
polished steel, exhibit zero porosity 
when subjected to the ferroxyl test 
for locating pores. 

Gaseous diffusion tests show no po
rosity in a 0.00025" thick Kanigen 
coating. 

A thin coating of aged radioactive 
iron isotope, emitting soft X-rays which 
are effectively shielded by nickel, was 
electro-deposited on mild steel discs. 
Kanigen was tj1en deposited over the 
iron isotope in thicknesses of 0.0002", 
0.0004",0.0006", and photosensitive 
plates exposed to the coated discs. 
The radiographs thus obtained were 
free of spots, indicating zero porosity 
in the Kanigen deposits. 

SALT SPRAY RESISTANCE 
Kanigen coatings, deposited on cold 
rolled steel, withstand salt spray test 
exposure for more than double the 
time required by ASTM-B-1l7-49T. 
When failure finally occurs, the rust 
spots show no tendency to spread even 
when the part is left in the salt spray 
chamber for 1000 hours or more. 

The satisfactory performance of 
Kanigen coatings under salt spray test 
conditions (and in actual service) 

Kanigen is a uniform, hard, cor
rosion·resistant nickel-phosphorus 
coating. It can be applied to iron, 
copper, nickel or aluminum and 
their alloys as well as ceramics, 
glass and thermo-setting plastics. 
This is achieved through a chem
ical bath without the use  of 
electricity. The coating (pro
bably a solution of nickel phos
phide in nickel) exhibits many 
desirable properties not normally 
associated wit  h metals or 
metal plating. 

depends in great part on the surface 
condition of the basis material. Smooth, 
fault-free surfaces permit satisfactory 
deposition of Kanigen coatings with 
excellent salt spray test results.  
Materials which are characterized by 
pronounced discontinuities (exces
sive roughness or porosit y, sand 
or slag inclusions, lack of homoge
neity in the alloy structure) may not 
permit perfect Kanigen coating cover
age. This condition often will promote 
premature salt s pra y test failure, 
gi ving an erroneous picture of the 
potential effecti veness of the coating. 

ADHESION 

Adhesion of Kanigen coatings is ex
cellent. It is extremel y difficult, how
e ver,  to measure, or to report 
adhesion since there is  no standard 
measurement techni que for metal 
coatings. Reported values are in the 

order of 30,000 to 60,000 psi to steel. 
Kanigen coated steel specimens show 
no flaking or chi pping of the plating 
when pulled to the breaking point in 
tension. When Kanigen plated bars 
are bent 180°, there will usually be 
checking of the coating parallel to 
the axis of the bend on the outside of 
the bend; however, no flaking occurs. 
Because of its high hardness, a Kanigen 
nickel-phosphorus coating will some
times show compression or shear fail
ure (especially in heavy coatings) on 
the inside radius of a 180° bend test 
specimen. This occasionally results in 
some apparent flaking. Actual micro
scopic observations, in many cases, 
has shown that the separation line 
is in the coating and not between the 
coat and the basis metal. The adhesi ve 
forces to the basis metal, in these 
cases, exceed the cohesive forces of 
the coating itself. 

"X-ray" diffraction pattern showing halo effects denoting the amorphous structure of Kanigen 

IJyou have a problem that a Kanigen application may .olve or if you'd like further information, write: 

KANIGEN DIVISION, GENERAL AMERICAN TRANSPORTATION CORPORATION 
135 South La Salle Street, Chicago 90, Illinois. 
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NUCLEAR NEWS FROM ATOMICS INTERNATIONAL 
Nuclear reactors now being 
built for science and industry
for power and radiation 
Within a single decade ATOMICS 
INTERNATIONAL engineers and scien
tists have developed a broad range of 
experience in the nuclear field through 
the design, construction and operation 
of a wide variety of reactors. This work 
includes four reactors completed and 
now in operation; four more reactors 
now in construction; and seven major 
engineering design projects completed. 

2. Full-scale Sodium Graphite Re
actor Design. Fuel: same as above. 
Heat output: in the order of 250 Ther
mal Mw. Power Output: Uranium -75 
Mw; Thorium-l 00 Mw; Thorium (after 
further development)-125 Mw. Capital 
costs, with full generating equipment, 
around $300 per Kw with Uranium, 
expected to be reduced with Thorium 
eventually to $200 per Kw. Power costs 
would thUG decrease from 11.1 mills/ 
kwh to 6.5 mills/kwh. 
3. Water Boiler Research Reactor. 
Designed and built by ATOMICS INTER-

Sodium Reactor Experiment nears completion in Santa Susana Mountains. It is being 
built and will be operated by Atomics International as a key part of AEC's nuclear 

power development program. 

ATOMICS INTERNATIONAL, a division 
of North American Aviation, Inc., is a 
leader in the development of advanced 
reactor technology. A new power re
actor concept, the Organic Moderated 
Reactor Experiment, is scheduled to be 
built by ATOMICS INTERNATIONAL for 
the Atomic Energy Commission at the 

National Reactor Testing Station in 
Idaho. This promising experiment will 
use an organic material - a  carbon
hydrogen compound - in the dual role 
of moderator and coolant. 

The diversified nuclear program at 
ATOMICS INTERNATIONAL includes: 

1. Sodium Reactor Experiment. 
Located in Santa Susana Mountains, 
near Los Angeles. Fuel: either slightly 
enriched Uranium, or Thorium and 
U-233. Output: 20 Thermal Mw. 
Though experimental, the reactor will 
be equipped with heat exchanger and 
turbo generator by Southern California 
Edison, who will feed 6.5 Mw of elec
tric power to the surrounding area. 

NATIONAL for use on Atomic Energy 
Commission research projects. Fuel: 
enriched Uranium. Power 5 watts. 
Flux: 108n/cm" /sec (thermal). Experi
mental facilities include exposure 
h o l e s, t h r o u g h-t u b e  and v e r t i c a l  
thermal column. 
4. Livermore Research Reactor. For 
Atomic Energy Commission's labora
tories at Livermore, Calif. A higher 
power version of the Water Boiler Re
search ReactOl:designed to operate at 
500 W. These wenHhe first two reactors 
in California. 
5. Medical Research Reactor. De
signed for a southern California uni
versity. Fuel: Uranyl sulphate, highly 
enriched with U-235. Power: 50 kilo
watts. Thermal neutron Flux: 1.7 x 
10'2cm2/sec. Provision for gamma in
tensities to 1.3 reb/min per kw, fast 
neutron intensities of 4 reb/min per 
kw; also utilization of pure gamma 
activity of fission gases. Excellent ex
posure facilities for patient therapy and 

biological research. First reactor spe
cifically designed for medical use. 
6. Industrial Research Reactor for 
A r mo u r  R e s e a r c h  Fou n d a t i o n  o f  
Il l i n o i s  I n s t i t u t e  o f  Te c h n o l o g y, 
Chicago. Similar to 5 above, with 
experimental facilities for industrial 
applications. This reactor is now op
erating on a planned schedule that 
includes "time" for participating com
panies. This is the first reactor de
signed specifically for private industrial 
research. 
7. General Research Reactor for 
Atomic Energy Research Institute, 
Japan. Similar to the Armour and 
Medical Research reactors described 
above. This will be the first nuclear re
actor in the Far East, and is slated to 
be completed in 1957. 

ATOMICS INTERNATIONAL has com
plete designs for reactors with a variety 
of fuel moderator and cooling systems 
for various applications, and offers 
a complete program of services in 
connection with all reactor projects, 
including: 

Advice on most suitable reactor type 
for a specific use 

Assistance in reactor site selection 
Aid in meeting AEC requirements 
Coordination of reactor plans with 

building plans 
Installation supervision 
Training of operating and mainte

nance personnel 
Assistance in fuel loading and initial 

reactor operation 
Design counsel in later modification 

or expansion 
Assistance in public information 

Dr. Marlin Remley of Atomics 
International activates Armour 

Reactor-first for private industry. 

If you are interested in any phase of 
our activities, ATOMICS INTERNATIONAL 
is staffed and equipped to help you. 
Please write: Director of Technical 
Sales, Dept. SA-N5, ATOMICS, INTER
NATIONAL, P.O. Box 309, Canoga Park, 
California. Cable address: ATOMICS . 

•.. . . .. " . .  

ATOMICS INTERNATIONAL 
.. . � :a 

. � 
, 
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The REL control console permits the 

observation of echoes from moonrise to moonset 

In this age of man-made satellites, 
knowledge of space is being expanded by 
the moon radar system now in operation 
by the U.S. Army Signal Corps 
at B�lmar, N.J. 
Both the transmitter and receiver, which 
were designed and manufactured by REL, 
are held stable by a single crystal to better 
than one part in 106• Output power is 
50 kw, and frequency is 15'1.11 me. 
The receiver noise factor is better than 3 db, 
with gain of 170 db. 

REL's world-famed experience and 
facilities are available for the solution 
of your specialized radio problem. 

o 
Radio Engineering 
Laboratories ·Inc. 
36-40 37th St· Long Island City l,N. Y. 
STillwell 6-2100 • Teletype: NY 4-2816 

Canadian Representative: 
Ahearn & Soper Co., P. O. Box 715, Ottawa 
MOON PHOTOGRAPH: G. P. SERVISS 

Creative careers at REL await a few exceptional engineers. 
Address resumes to James W. Kelly, Personnel Director. 
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1. VALVE TECHNICAL DATA • • •  

Twelve page technical manual giving 
design, selection, maintenance and 
repair data for stainess steel valves. 

2. GETTING THE MOST OUT OF 

YOUR VALVES • • •  Four page tech
nical discussion explaining selection, 
installation, inspection and mainte
nance of ,tainless steel valves. 

3. CATALOG 55D (VALVES) • • •  

Sixty-eight page simplified stainless 
steel valve cSltalog includes engineer
ing drawings, weights, size ranges, 
dimensions and basic material data. 

4. CATALOG 55F (FITTINGS) . . 
Complete stainless steel fitting cata. 
log giving engineering drawings, 
dimensions and basic material data. 

5. VALVES TO COMBAT COR· 

ROSION • • • 75 questions and 
answers selected from Cooper Alloy 
valve clinics covering materials, op
erations, service problems, installation 
and repair. 

6. STAINLESS STEEL VALVES 

AND FITTINGS IN THE PAPER 

INDUSTRY • • •  Eight page technical 
article covering alloys, valve selec
tion, design factors, installation, 
maintenance, operation and inspec
tion of stainless steel valves and 
fittings used by the paper industry. 

7. PLASTIC PUMPS • • •  Four page 
-folder describing the Vanton "Flex-i
Liner" pump. Full and cut-a-way 
views, plus performance charts and 
material selection hints are included. 

( TECHNICAL LITERATURE 1 
8. PLASTIC PIPE AND FITTINGS 

• • •  8 page catalog on Vanton P
Line (PVC), N-Line (Buna N) and S-Line 
(Styrene) pipe, valves and fittings. 

9. PUMPING CORROSIVES • • •  

Four page article describing the 
transfer of hydrochloric, formic, lactio 
acid and salt solutions at Litho Chem. 
ical. 

10. ADVANCED KNOW·HOW . . . 
Series of case studies showing how 
advanced know-how made possible 
the economical production of high 
alloy products considered difficult 
or impossible to cast. 

11. MAT E R I AL S  S E L E C T I O N  

CHART • • •  Four page chart de

$igned to assist in the selection of the 

most economical alloy for a given 

corrosive problem. More than 350 
specific corrosives are included. 

12. DESIGN CONFERENCE • • •  
Special edition of Newcast contain
ing the technical papers presented at 
the Cooper Alloy Design Confer
ences. Subjects incude Casting De
sign, Shell Molding, Cast Weld and 
New Materials. 

13. ALLOY REFERENCE CHART 

• • •  Revised four page pamphlet list
ing alloy designations, applications, 
properties and analysis of corrosion 
and heat resisting alloys. 

14. STAINLESS STEEL CAST· 

INGS ON PARADE • • •  Four page 
folder presenting a variety of cast 
parts with information as to alloy, 
weight, application. Complete data 
chart listing. twenty-eight alloys with 
recommendations for their use is in
cluded. 

15. NEWSCAST • • •  An eight page 
bi-monthly publication devoted to re
porting technical material of value to 
those interested in corrosion resistant 
castings, fittings, valves and pumps. 

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

e fOUNDRY PRODUCTS DIVISION 0 VALVE & finiNG DIVISION Ell VANTON PUMP & EOUIPMENT CORP 
., STAINLESS ENGINEERING AND MACHINE WORKS DIVISION 0 AIRCRAfT PRODUCTS DIVISION 

Name----------- Posilion------

Company-----------------
Address--------___ ______ _ 

Cily-------·Zone---Slale-----
---- - ------------ � 
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ENCYCLOPAEDIA BRITANNICA 

Brand New Edition Now Available Direct From The Publisher On Easy ... 

Book a Month Payment Plan 
All 24 Volumes Delivered Immediately-

You Pay Later on Easy-to-Own Purchase Plan. 

Yes, the latest edition of Britannica-the greatest 

treasure of knowledge ever published-is now being 
offered on a remarkable plan that puts this world

renowned reference library within reach of every family. 

All 24 volumes will be placed in your home NOW . . •  

you pay for it as you enjoy it ... as easy as buying a 
book a month! 

Thousands of Subjects of Practical Value 
to Your Whole Family 

In the brand-new edition of Britannica 
you will find thousands of subjects that 
you and your family will refer to in the 
course of your normal day-to-day affairs. 
For example, you'll find special articles 
on household budgets ... interior decorat
ing ... medicine and health ... home re
modeling ... child care ... adolescent prob-

lems ... rules and regulations for all sports ... every kind of 
hobby ... plus a treasure house of knowledge on all subjects. 
Useable information that can save you many dollars. 

New Edition is Profusely Illustrated 

The new Britannica almost "televises" 
the information to you by means of 
23,225 pictures, plus charts, maps and 
drawings. But it does not merely show 
"attractive" pictures-it is the work of 
5,258 of the world's best minds. The 
largest and most complete reference set 
published in America. Our free Booklet 
will show you how Britannica presents 
the accumulated culture of the world in 
clear, easy-to-read language and superb 
illustrations. 

In today's world ... Factual Knowledge Opens the Way fo 
, Financial and Social Success 

• Britannica will provide instant and 
authentic information on every conceiv
able subject or thought. 
• Britannica will enable parents to work 
more closely with their children at home 
· . . helping them build a more solid found a -
tion in today's highly competitive 
society. Leading educators say: "Too 

many parents leave the entire educational job up to the 
teachers at school." 
• It will build self-confidence ... by helping all members of 
your family to understand ... and talk intelligently on every 
subject that enters into the lives of successful men and women. 

Preview Booklet Offered FREEl 
Simply fill in and mail the coupon today, and we will send 
you .. . without cost or obligation . .. a copy of our beautiful, new 
booklet which contains an exciting preview of the latest edi
tion of Encyclopaedia Britannica. Send no money-not even 
for postage. It's yours, absolutely free! 
. Just as soon as we receive your coupon, we will send your 
illustrated, free booklet, so that you can read and enjoy it 
at your leisure, in the privacy of your home. There is no 
obligation, of course. However, since this offer is necessarily 
limited, please mail the coupon today before it slips your 

�����;I;:-;I�;;;A-'-�P:-;:F----� 
425 N. Michigan Avenue, Chicago 11, III. ..:....-----�I 
Please send me, free and without obligation, your colorful Preview Booklet which I 
pictures and desCribes the lotest edition of ENCYCLOPAEDIA BRITANNICA in I exciting full detail. Also include complete information on how I may obtain this I magnificent set, direct from the flubli$her� on the Book a Month Payment Plan. 

I 
Name----------------�(P� I.-O-$. �P� r� in� t ) --------------------

Address _______________________________________ _ 

I 
I 
I 

City Zone_State I 
_.:�::::.::::.����::/��/�::���:.. ____ J 
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How to tame a tempest in your lab 
A manufacturer we know had something akin to a tempest
his catalysts were acting up and needed something to subdue 
them. He, too, found the solution by using oil. In this case it 
was versatile white mineral oil which came to the rescue, as it has 
for many researchers and manufacturers. Hereis what happened. 

This manufacturer came to us because he thought we might 
be able to help him devise a carrier for alkali metals and 
anhydrides for organic synthesis. The properties desired were 
a free miscibility with organic products, freedom from un
saturated hydrocarbons, high distillation range, and a high 
flash point. Some other requirements were that the product 
provide a seal against contact with air, that it inhibit foam 
formation, contain no carbonizable substance, have a low 
rate of oxidation-and a few others besides. 

Upon studying the fine points of this manufacturer's request, 
we found that one of our specialized grades of white mineral 
oil not only seemed to fill the bill very nicely, but, in addition, 

White Oils • • •  one of industry's 
most versatile products 

offered several other cost saving benefits that had not been 
anticipated. The manufacturer tried our product, confirmed 
our prognosis, and. needless to say, is not only buyiQg a good 
quantity of this grade of white oil from us, but is w;ry happy 
that it occurred to him to bring his problem to us in the 
first place. 

White oils are already renowned for the amazing number of 
ways they can be used-having long since run the gamut from 
abrasives to zinc. Yet, month after mOltth, we-and our 
customers-keep coming up with new and practical ways of 
putting these highly. refined mineral oils to work. 

If you think you might have a problem in which one of our 
numerous grades of white oils might be put to work for you, 
don't hesitate to get in touch with us-so that we can supply 
you with exactly the right product-of U.S.P., N.F. or Tech
nical grades-and if none of these meet your requirements, 
we'll tailor-make one that will. Just write, call or wire. 

L. SONNEBORN SONS, INC., 300 FOURTH AVENUE, NEW YORK 10, N. Y. 
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For the construction industry· • • •  

A NEW BARRIER ARMORED WITH "MYLAR" 
REDUCES MOISTURE PERMEABILITY TO ZERO! 

Food Fair Company's new frozen-food warehouse in 
Linden, N. J., uses vapor barrier made of Du Pont 
HMylarH and foil. The barrier is easily applied and 
sealed tightly with pressure-sensitive tape of the same 
material. Men shown walking on the vapor barrier 
illustrate the extra toughness and abrasion resistance 
of this lamination with "Mylar". 

Thanks to a new material made of 
Du Pont "Mylar"* polyester film and 
aluminum foil, industrial constructors 
have a completely new moisture- bar
rier material for more effective con
trol of humidity. Already, this new 
material is being used in warehouses 
for frozen-food storage, special rooms 
for the operation of extra-sensitive 
electronic equipment and storage 
facilities for military equipment. 

This new laminate with "Mylar" 
is strong yet light in weight - there's 
no need for extra support frequently 
used for heavier moisture barriers. 
Since this flexible material comes in 
roll form, it's much easier to install 
than rigid barriers. When slit into 
tape widths with a pressure-sensitive 

adhesive, this same laminate provides 
an effective seal to join the sheet to
gether. Most important, this laminate 
of "Mylar" and foil provides zero 
permeability to moisture vapor! 

Here is another example of how 
Du Pont "Mylar", used alone or in 
combination with other materials, is 
improving old products and helping 
create new ones. For more informa
tion on properties, applications and 
types of "Mylar" available, send in 
the coupon below. Be sure to indicate 
specific application you have in mind. 

<[Q POtn:> 
I!£Gi.U.S.P"T.Ofr. 

BETTER THINGS FOR BETTER LIVING 
. , . THROUGH CHEMISTRY 

*MYLAR is Du Pont's registered trademark for its brand 01 polyester film. 
In Canada,"Mylar" is sold by the Ou Pont Company of Canada limited, Films Oiv., P. O. Box 660, Montreal, Quebec. 

DU PONT 

MYLAR® 
POLYESTER ·FILM 

------------------------------------, 
E. I. du Pont de Nemours & Co. (Inc.) 
Film Dept., Room 5-9, Nemours Bldg., Wilmington 98, Delaware 

APPLICATION ________________ _ 

NAME __________________ _ 

I 
I 
I 
I 
I 

o Please send information on 
properties, applications and 
types of "Mylar" polyester 
film available (MB·4). FIRM____________________ I 

o Please send information on I 
moisture· barrier material 

ADDRESS 
I 

made with "Mylar". CITY STATE I t _____________________________________ 1 

\I 
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i.11 )IHa at work ... 

Why Dobeckillun's Dobar - M® is blue . When Dobar-M (made with · 

Mylar*) was first introduced by Dobeckmun, customers were so impressed with this superior insu

lation material they wanted to be able to recognize it instantly, anywhere. Because of Dobeckmun's 

extensive manufacturing facilities, it was a simple matter to color Dobar-M a bright, electric blue. 

This new blue color tells you you are achieving maximum dielectric strength in a minimum of space 

in slot cell insulation for integral and fractional horsepower motors. The development of Dobaio-M 

is typical of Dobeckmun engineering which takes ideas and puts them to work for you. Whether 

you need tapes, layer or slot cell i'nsulation materials, the next step is to call Dobeckmun ... today. 

*Du Pont Trademark Reg. Pat. Off. 

ckmun Company, Cleveland 1, Ohio Berkeley 10, California 
Albuquerque ' Atlanta • BaitHrtOrt> • Boston · Charlotte ' Chicago ' Cincinnati '" Dallas · Den .... er • Detroit • Indianapoli� • Kansas City I 

Los Angeles • Memphis ' Milwaukee • New Orleans • New York • Omaha • Philadelphia • Phoenix • Pittsburgh • Portland • Richmond 
Rochester ' Salt Lake City • San Anlonio'· Seattle • St. Louis • St. Paul • Syracus.e • Tampa • Yakima • Hay a :� ... ¥. L�:�:,\. ' Amsterdam j 
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. . .  we offer 

th is factual 

"Result Record" 

Results are the pay-off on dollars invested in product research and develop
ment. Results in terms of cost savings ... improved performance . . .  in
creased salability ... stronger competitive position. 

That's why we're proud to present our "result record" for typical DFI 
clients, in both the mechanical-hydraulic and electronics-instrumentation 
fields. The booklet shown above is the best answer we can offer to the of ten
asked question, "W hy use an outside research and development organization?" 

It tells, in capsule form, how we approach specific client problems in 
varied fields, and the results achieved ... with company names and confi
dential data omitted, of course. It points up the value of a coordinated and 
creative approach, from determination of market potential and customer 
preferences straight through to final design and production engineering. 

May we send you a copy of DFI Creative Product Development at Work? 
Or, if you have a specific development problem, we'll be glad to have a 
DFI representative call, without obligation. 

4241 Fulton Parkway 

I'LANN[D 
"" ". 
', lDftJ 

PRODuelS 
Cleveland 9, Ohio 

Technical Surveys • Research and Development. Design Engineering . Industrial Design 
Production Engineering. Transition Manufacturing . Engineering Audits 

I' 

Unusual 
Diversified 
Challenging 

OPPORTU N ITI ES 
IN JlCREATIVEJI 
RESEARCH AND 
DEVELOPMENT 

are waiting at 

To experienced Electronic and Me
chanical scientists and designers, or 
specialists in Automation, we offer 
challenging career opportunities. 

Designers for Industry is a recog
nized leader in Creative Product 
Development, specializing in the 
broad fields of mechanical and elec
tronic design. Our clients include 
branches of the military and many of 
the country's foremost industrial firms, 
from coast to coast, and in Canada. 

We provide a complete "packaged" 
service ... from idea-concept through 
research and development, design, 
prototype manufacture, production 
engineering and detailed manufactur
ing drawings. 

Our work is tremendously diversi
fied. DFI mechanical projects range 
from complex, automatic machinery 
and systems to major and small appli
ances. In electronics, we work in such 
di verse fields as commercial micro
wave relay systems, television, missile 
guidance and radar systems. 

If such diversity appeals to you ... 
with the opportunity for personal 
growth in a "creative climate," plus 
unusually liberal profit-sharing and 
pension trust programs ... we'd like 
to talk with you. Please write, givin� 
brief resume of your experience, to: 

Personnel Director, 
Designers for Industry, Inc. 
4241 Fulton Parkway, 
Cleveland 9, Ohio 
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BUSINESS IN MOTION 

In making gas pressure-reducing valves and relief 
valves for hot water tanks, a famous manufacturer 
has to drill brass rod deeply. Originally the rod 
was free-cutting brass. When we had the oppor
tunity to study the operations in the shop it seemed 
evident that Revere's Deep-Drilling Brass Rod 
should offer some economies. When drilled, this 
alloy produces very small, easily cleared chips, 
much smaller than free-cutting brass. The latter is 
excellent for most applications, 
particularly for external ma
chining, or for shallow drilling, 
but for really deep holes, deep
drilling brass is superior. So the 
customer agreed to try it. The 
results were most satisfactory. 
The shop foreman reported that 
tool life was increased over 
20070. In addition, it is possible 
to bore one item with a single 
operation, against the former 
practice of withdrawing the drill 
three times in order to clear the 
chips. 

Another interesting experi
ence with the same manufac-
turer involves a high-pressure 
gas valve, with a cast brass 
body and a brass rod stem, both machined to close 
tolerances. There was galling and flaking between 
stem and seat. Our analysis was that the two 
brasses were too close in hardness. The recommen
dation: switch to arsenical bronze valve stems, 
which have a higher hardness, and a greater torque 
strength. This proved to be the answer, making 
possible a better product, with fewer rejects due 

14 

to trouble at the seat. The more suitable alloy costs 
more per pound, but saves money in the end. 

Here is a third example of our work with the 
same company. It was designing a new tempera
ture-pressure relief valve for hot water tanks. The 
original model, hand-made for test purposes, had 
been machined out of solid hexagon brass rod, one 

inch outside diameter, and over half the weight 
had gone into scrap. It was recommended that 

on a production basis a Revere 
high-leaded brass tube be 
used, hexagon outside, round 
inside. A trial order of only 
2,000 p o u n d s  i m m e d i a t e l y  
proved itself. 

The customer reported that 
though the tube costs more per 
pound, he buys less weight per 
foot, machine time is reduced 
substantially, and a much better 
machined surface is obtained. 
The latter is extremely impor
tant on the inside of the valve, 
which is machined to a seat. 

These examples of the wis
dom of paying more per pound 
in order to make a better prod
uct and save money in addition 

are not unusual with Revere. Not only the copper 
and brass industry but practically every industry 
you can name is able to cite similar instances. So 
we suggest that no matter what your suppliers ship 
you, it would be a good idea to take them into your 
confidence and see if you cannot make a better 
product at lower costs by specifying exactly the 
right materials. 

REVERE COPPER AND BRASS INCORPORATED 
Founded by Paul Revere in 1801 

Executive Offices: 230 Park Avenue, New York 17, N. Y. 
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LINDE'S Flame·Plating gun is operated en· 
tirely by remote control. At control panel 
(below) is operator, who observes process 
through safety.glass window. At right, 
Flame.Plating gun is seen as workpiece is 
secured in fixture (top), as gun is brought 
into range (center), and at the ill�tallt of a 
blast in the plating action (bottom). 

Not all guns shoot BULLETS 
... this one gives metal parts EXTRA WEAR RESISTANCE 
A dramatic and useful coating process for metal 
parts has been developed by LINDE engineers to 
provide extra resistance to wear and abrasion. This 
method, called Flame.Plating, utilizes a special, 
·rapid.fire gun to apply an extremely hard coating of 
tungsten carbide or aluminum oxide on precision 
parts subject to unusual wear or fretting corrosion. 

The Flame-Plating gun consists of a barrel and a 
mechanism for loading precise amounts of powdered 
coating material and explosive gases into a firing 
chamher. The powder-tungsten carbide or alumi
num oxide-remains suspended in the gases until a 
controlled spark ignites the mixture. 

The resulting detonation creates heat and pres
sure waves of tremendous force. These waves rip 
through the gas-and-powder mixture at supersonic 
velocity. The particles are hurled against the work 

with terrific impact. They fuse together and huild 
up until the desired thickness is obtained. 

The temperature of th.e workpiece seldom exceeds 
400 degrees F. Thus precision parts can be Flame
Plated without risk of changes in physical dimen
sions or metallurgical properties. Coatings can be 
Flame-Plated in thicknesses from .002 to .010 inch, 
and finished to 0.5 microinches rms. Practically all 
metals can be Flame-Plated. 
The extra resistance of Flame·Plated parts to wear, abrasion, 
and fretting corrosion has been proved in actual service. Vital 
parts in aircraft and automotive power plm,ts, hydraulic sys· 
tems, and heating Itnits, as well as textile and canning machin· 
ery, plug and ring gages, bearings, and seals have all had their 
lIseful life greatly extended -and economically, too -with 
Flame.Plating by LINDE. Find out how Flame.Plating can help 
yolt improve YOllr own design. Write for a free copy of the 
booklet, "Flame·Plating," FB065. Address "Flame.Plating, De· 
partment R·9." 

LINDE AIR PRODUCTS COMPANY 
A Division of Union Carbide and Carbon Corporation 

30 East 42nd Street � New York 17, New York 

III Canada: Linde Air Products Company, Division of Union C.rbide C.,jad. Limited, Toronto 

�he term C<Linde" is a trade-mark and FPL is a servi�e·mark of Union Carbide and Carbon Corporation. 
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Ofiol�tegy-better produc 
� 

Like chess champions, management today is capitalizing on 
scientific systems to stay ahead of competition. Your business, 
too, can profit many ways through the unique teamwork 
offered by Consolidated Electrodynamics Corporation. For 
example, Hotpoint Co., a leading refrigerator manufacturer 
achieved an infallible system for testing hermetically sealed 
refrigerator units. Hotpoint was determined to make a better 
refrigerator for lower cost. Two members of the Consolidated 
family-the Rochester Division, manufacturers of high
vacuum equipment, together with Consolidated's Analytical 
and Control Instrument Group - joined forces to design, man
ufacture and instal! a fast production line system that has 
become, literally, the talk of the entire industry . 

Because refrigerators tested with the Consolidated system are 
assured of long life, they have given the manufacturer one of 
the greatest possible competitive weapons-an outstanding 
reputation for dependability. And because the manufacturing 
process is highly automatic and moving continuously, costs 
have set a new low. 

If you are interested in increased product dependability, 
manufacturing economies and tighter production control, it 
will pay you to send for Consolidated's latest bulletin. It tells 
how you can use the scientific equipment and techniques of 
the Consolidated group to make profitable progress a reality 
in your business. Write for Bulletin 42, "Your Next Move 
for Profit and Progress." 

e 
Consolidated ElectrodynalTlics 

300 North Sierra Madre Villa, Pasadena, California 

COMPANY-OWNED SALES AND SERVICE OFFICES THROUGHOUT THE UNITED STATES 
16 
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Wm� ... we like to 

explore the secrets of science, too! 

Everybody is inherently a researcher. The instinct for seeking 

new frontiers is as human as tears and laughter. And 

occasionally a few of us become so enthusiastic over such 

searches that they become our life work. 

At UOP we have just such a group of men-men who have 

dedicated themselves to searching out scientific ways and 

means of getting the utmost from every drop of crude oil that 

comes out of the ground. 

For more than forty years Universal research has progressively 

developed and made available to refiners everywhere new 

and improved processes for producing better motor-fuels and 

\ by-products from petroleum. 

e UniVERSAL OIL PRO DUETS EOmPAny 
• 

30 ALGONQUIN ROAD, DES PLAINES, ILLINOIS, U. S. A. 

FORTY YEARS OF LEADERSHIP IN PETROLEUM REFINING TECHNOLOGY 

17 
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YOU CAN SELECT AT RCA! 
• • •  NEW OPPORTUNITIES ... 17 + LOCATIONS 

• . .  ONE BEST FOR YOU AND YOUR FAMILY 

FI ELDS 0 F EN GIN EERI NG ACTIVITY 

KINESCOPES (I & Wand COLOR), OSCILLOSCOPES-Electron 
Optics-Instrumental Analysis-Solid States (Phosphors, High T 
lure Photosensitive Materials and Glass to Metal 

RECEIVING 
Chemical and 
-Advanced 

Tube Design-Test and Application Engineering
Development-Methods and· Process Engineering 

MICROWAVE TUIES-Tube Development and Manufacture (Traveling 
Wave-Backward Wave-Magnetron) 

GAS, PHOTO TUIES-Photo.ensitive Devices-Glass 
to F and VHF-Power 

Mechanical and Electrical-Automatic or Semi·Automatic Machines H 
Y 

L L 
Y Y 

L 

x X 
C C 

locations: C-Camden, N.J. F-Cocoa Beach, Fla. H-Harrison, N.J. '-International Div. L-lancaster, Pa. M-Moorestown, N.J. S-RCA Service Co. (Cherry Hill, N.J.; 
Alexandria, Va. ;Tucson, Ariz.; San Diego, Sacramento, San FranCisco, Calif.; Foreign Assignments). W-Waltham, Mass. X-los Angeles, Calif. Y-Marion, Ind. X-Findlay, Ohio .. Modern benefits p",ram . • .  relocation "penslS paid Mr. John R. Weld, Employment Manager 

� 
Dept. A-1J, Radio Corporation of America 

� iJ ® :�
n

�
s

;�
ed

�;;�p;�::��e�:: 0;° �k;l�p�a��;rk 
20, N.Y. 

� Copyright 1956 Radio Corporation of America 
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Consider all the angles of this Surface 

This is Archimedes' truncated tetrahedron, opened 

out to show just a few of the many angles of Surface 

Combustion Corporation which you should consider. 

Here's a towering annealing furnace which processes 

steel strip at the speed of a thousand feet a minute. 

There are automotive gears with extremely tight metal

lurgical specifications,  made faster and cheaper in an 

automatic carburizing line . Wing pod heaters provide 

1 ,200,000 btu/hr of anti-icing protection for the Ant-

arctic Expedition's Douglas C- 1 24's.  And in that petri 

dish is proof ( by the Toledo University Research Found

dation)  that Kathabar air conditioning equipment kills 

97 % of airborne bacteria.  

From any angle, this represents a tremendous range 

of skills and services, many of which can contribute to 

the success of your project. 

Write for further information. Surface Combustion 
Corporation, 2391 Dorr St., Toledo 1 ,  Ohio. 

S u rface ® Heat Treat, Steel M i l l ,  G l a ss D i v i s i o n s . Kath a b a r ®  Air C o n d i t i o n i n g  D i v i s i o n  - J a n itrol ® A i rcra ft-A utom otive 

D i v i s i o n  • J a n itrol  ® H e a t i n g  & Air C o n d i t i o n i n g  D i v i s i o n  • Webster Engi n ee r i n g  C o m p a ny: B o i l e r  B u rn e r  D i v i s i o n  -
1 9  
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CORE BOX INSERTS OF 

BERYLLIUM COPPER HELPED THE 

LEBANON STEEL FOUNDRY 

BOOST PRODUCTION AN ALMOST 

UNBELIEVABLE 1400 % . . . 
COST OF EACH CORE WAS CUT 70% 

The first core box with beryl l i u m  copper inserts, m a d e  4 years a g o ,  h a s  turned out 

20,000 cores s o  far and is sti l l  in ex cellent conditi on ! Reports Lebanon, "We m a y  

get 20,000 m ore cores b l own out of that b ox, m a ybe 40,000, or even 60,000. T h ere 

see m s  to be n o  end to the a m ount of wear the beryl l i u m  copper inserts w i l l  ta ke." 

In order to mass produce intricate armored steel louver castings for Army tanks, 
Lebanon purchased two coreblowing machines. The core box design, however, created 
very severe wear conditions for the metal inserts used. The space between the blades 
in the core box was only % in. ,  and to form the sand completely in these narrow spaces, 
blow holes had to be drilled in the core box between each blade. With a hole diameter 
of Ys in., there was left only %6 in. clearance between the hole and the blade on each side. 

The erosive force of the sand blasted through the blow holes under a pressure of 90 
psi dished out bellies and chipped the aluminum and chromium plated iron inserts 
after a production run of only 500 cores. These eroded spots made it  impossible to 
eject the core from the box. Tolerances were completely lost . . .  the coremaking 
machine had to be shut down, the core box dismantled and sent to the pattern shop. 
Sometimes weeks of valuable production time was lost. 

Since 1 952, Lebanon has been using "BERYLCO" brand beryllium copper core box 
inserts-of the original 244 beryllium copper inserts purchased, every single one is 
still serviceable. Shutdown time due to core box repair, and the wasted labor and time 
in clerical work, transportation, and reconditioning, have been eliminated. 

A technical bulletin describing in greater detail the use of beryllium copper inserts in 
core boxes, and an all-new castings catalog listing the various "BERYLCO" beryllium 
copper alloys, their physical properties and casting advantages, will  be sent to you 
upon request.  Write today. 

Most of the core boxes r u n  about  16 x 8\7 x 6\7 i n .  
E a c h  b lade has .0 1 5  i n .  d raft per s ide .  The  b o d y  of t h e  
box is constructed of a l u m i n u m  w i t h  steel fac ing,  a n d  
weighs approx imately 75 l b .  when  asse m b led ,  i n c l u d 
i n g  the  bery l l i u m  c o p p e r  i nserts. 

.. T H E  B E R Y L L I U M C O R P O R A T I O N  
Tuckerton Road · Dept. 6-J • Reading  2 3 ,  Pennsylva n ia 
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This plant's stockpile is worth millions - -

r �fet it doesn't cost a cent ! 

The "wild blue yonder" -the free and 
limidess atmosphere - is the stockpile 
for Air Products Oxygen (a�d/or Nitro
gen )  Generators. There are no delivery 
problems for this inexhaustible raw 
material. There a:re no price fluctuations 
and no shortages to trouble the owners 
of these plants. 

• �'--
The method is basic. The production of 

-oxygen and nitrogen from , air is accom
plished by "Low-Temperature Process
ing". The air is liquefied by refrigeration 
and the nitrogen is drawn off at its boil
ing point (fractional distillation ) leaving 
the pure oxygen' product. 
Your own "On-Location" Generator can 

provide you with a continuous supply of 
oxygen regardless of your requirements 
-including moderate to large tonnage 
users. We will furnish and install a conir 
plete facility at no capital investment oq 
your part-on a lease basis including a 

, purchase option. If you prefer, we will 
operate and maintain the facility and 
guarantee your oxygen savings. 

Send u s  d eta i l s  regard i n g  your req u i rements and expected future needs_ We 

wil l then give you a rea listic est i m ate of the savings you can expect with a n  
� �� _ -- --,� _.J! ""fA""' >" -

LOW COST : lIXYGEN - N ITROGE N l . 

Air Prod ucts"6enerator Installed In you r  pla nt� �" �- - ,  
� �c 

More than 800 
suu'enful installations 

2 1  
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MODEL FeR 250 

NOW - PORTABLE 

400 cycle power 

This new frequency changer makes 
it possible to provide well regulated 
400 cycle power conveniently and 
quickly. This unit, Model FCR 250, is 
extremely useful i n  a wide variety 
of applicatio ns i n cluding testing, 

production, airborne frequency con
trol, computers, missile gu idance 
system testing, and in practically 
any application where the use of 
400 cycle power is advantageous. 

Model FCR 250 is only one of a com
plete line of freq u e n cy changers 
available from Sorensen ... the 
authority on controlled power for 
research and industry. Write for 
complete infdrmation. 

ELECTRICAL CHARACTERISTICS 

Input 105-125 VAC, 1 
phase, 50-65 cycles 

Output voltage 115 VAC, adjustable 
105-125V 

Output frequency 320-1000 cps in two 
ranges 

Voltage regulation ±1% 

Frequency regulation ±1 % (±0.01 % with 
auxiliary frequency 
standard fixed at 
400 cycles) 

load range 0-250 VA 

. ..... 

C�"'j 

s 
SORENSEN & COMPANY, INC. • STAMFORD, CONN. 
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LETTERS 
Sirs: 

The four primitive men in opera hats 
and capes [SCIENTIFIC AMERICAN, June] 
reminded me of Hilaire Belloc's poem 
"The Big Baboon": 

The Big Baboon is found upon 
The Plains of Cariboo: 
He goes about with nothing on 
(A shocking thing to do) . 
But if he dressed respectably 
And let his whiskers grow, 
How like this Big Baboon would be 
To Mr. So-and-so! 

ESTEBAN POPPER 

Buenos Aires, Argentina 

Sirs: 
I was very interested in the article on 

pneumatic buildings in the June issue of 
SCientific American. Yet I was ... dis
appointed that you made no mention 
of ... Buckminster Fuller's popularized 
but little understood geodesic dome. 
Last year his architects, designers and 
engineers developed what today is the 
largest rigid plastic enclosure: 55 feet 
in diameter. This clear-span geodesic 
dome (a three-quarters sphere) is made 
of glass-reinforced, flame-resistant poly
ester resin. It is designed and tested to 
withstand winds of more than 150 miles 
per hour. The 363 components in the 
form of giant diamonds and circular 
cake pans, with gasket-like joints, can 

Scientific American, September, 1956; Vol. 195, 
No. 3. Published monthly by Scientific American, 
Inc., 415 Madison Avenue, New York 17. N. Y.; 
Gerard Piel, president; Dennis Flanagan, vice 
president; Donald H. Miller, Jr., vice president 
and treasurer. 

Editorial CorresJlondence should be addressed to 
The Editors, SCIENTIFIC AMERICAN, 41S Madison 
Avenue, New York 17, N. Y. Manuscripts are 
submitted at the author's risk and will not be 
returned unless accompanied by postage. 

Advertising correspondence should be addressed 
to Martin M. Davidson, Advertising l\Ianager. 
SCIENTIFIC AMERICAN, 41S Madison Avenue, New 
York 17. N. Y. 

Subscription correspondence should be ad· 
dressed to Circulation Manager, SCIENTIFIC AMElIl' 
CAN, 41S Madison Avenue. New York 17, N. Y. 

Change of address: Please notify 118 four weeks 
in advance of change. If available, kindly furnish 
an address imprint from a recent issue. Be sure to 
give both old and new addresses, including postal 
zone numbers, if any. 

Subscription rates for U.S.A. and possessions: 1 
year, $5; 2 years. $9; 3 years, $12.50. Canada and 
Latin America: I year, 56; 2 years, 511; 3 years, 
SIS. All other countries: I year, $8; 2 years, $14; 
3 years, S18. 

© 1956 SCIENTIFIC AMERICAN, INC



U. S. Air Force Photo 
An Air Force cargo plane delivers vital Air Force supplies to an overseas base. 

AIR MATERIEL COMMAND IS GLOBAL LINK 
BETWEEN RESEARCH AND COMBAT UNITS 

Supplying the Air Force with the right equipment, at the 
right place at the right time is the mission of Air Materiel 
Command. Its procurement, supply and maintenance opera
tions fill the area between research and development on one 
side and combat units on the other. It is the largest business 
in the country. 

Because our Air Force is operating ,in all quarters of the 
earth, AMC is a globe-circling operation with its headquar
ters centered at Wright-Patterson AFB near Dayton, Ohio, 

The vital logistic mission for the Air Force involves bil
lions of dollars in procurement, thousands of airplanes, and 
more than a million different kinds of supply items. Organi
zationally, AMC includes fourteen air materiel areas, or 
major area depots, located in the United States, Europe, 

This is one of a series of ads on the technical 
activities of the Department of Defense, 

North Africa, and the Pacific. Geographically, air materiel 
operations extend throughout the free world. 

Working with weapons systems contractors in private 
industry, AMC procures the equipment which has been de
veloped and tested by the Air Research and Development 
Command, and distributes the equipment to combat units 
as needed. The never ending objective of the Air Materiel 
Command is to maintain an instant combat readiness, 
logistic-wise, in this era of super speeds and super weapons 
to support Air Force operations at any point on the globe. 
The philosophy of Air Materiel Command is that such 
readiness must be characterized by the closest interrelations 
of combat and logistic elements, by speed, flexibility, mobil
ity and economy. 

FORD INSTRUMENT COMPANY 

ENGINEERS 

DIVISION OF SPERRY RAND CORPORATION 
31-10 Thomson Avenue, Long Island City 1, New York 

Beverly Hills, Cal. Dayton, Ohio 

of unusual abilities can find a future at FORD INSTRUMENT CDMPANY. Write for information. 

Highly skilled technicians at Ford Instru
ment Company assembling complex aircraft 
instruments for the U. 5, Air Force. 
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count on Plenco 

Click, it's on-click, it's off. Multiply by several 

billion for the number of times this simple act 

takes place daily on our ultra-electrified planet. 

In the modest switch-box as well as in the 

manufacture of countless other more intricate 

electrical parts ... specifying Pie nco phenolic 

compounds of durability and self-insulating 

qualities is the first order of business of many 

experienced molders. We invite you to make it yours. 

Serving the plastics industry in the manufacture of high grade 
phenolic molding compounds. industrial resins and coating reslns_ 

PLASTICS 
ENGINEERING 

COMPANY 
Sheboygan, Wisconsin 

be put together in approximately 100 
man-hours. Used in the Arctic as a 
''t'adome,'' this geodesic structure allows 
light to diffuse through its translucent 
parts so that no shadow is cast in the 
interior. Its nonmetallic structure is 
ideally suited for its present use. Psycho
logically it releases the occupants from 
the "mole-like" existence of pressure 
locks and dark-interiored pneumatic ra
domes, moving them into the surface 
world of light and space .... 

Fuller's techniques have always been 
regarded as impossible, visionary, im
practical. It is unfortunate that, now that 
their usefulness has been proved, it has 
not been through the support of civil
ians, but of the military. Fuller's domes 
have been put up in isolated places, 
where few can observe the truth of his 
work. Yet many have seen the Ford 
Rotunda in Dearborn, Mich., a translu
cent dome Ij29th the weight of a con
ventional dome. Steps are now being 
taken to build a dome over the new 
stadium which is being contemplated 
for Brooklyn. Such a dome would be 
twice the diameter of the largest clear
span structure yet built. ... 

Though this structure would bring 
Fuller's work home to the American 
people, Fuller has already been winning 
acclaim abroad, at international trade 
fairs and architectural exhibitions, 
through the display of a geodesic dome 
made of heavy waterproofed cardboard. 
For one who has spent some time in 
Asia attempting to cope with the prob
lem of sheltering the millions of people 
there, as I have, such a development is 
highly significant. In the subcontinent 
where millions live in mud houses, the 
average structure may cost up to $300 
for one room eight by ten feet (depend
ing on the availability of wood for 
framing and rafters, roofing material and 
foundation material). One can quickly 
picture the development of presses to 
turn out cheap paperboard geodesic 
domes as quickly as newsprint. In the 
flood disasters in India and Pakistan last 
fall, shelter was the prime emergency. 
If from airborne transports geodesic 
cardboard domes could have been 
dropped in a great parachute operation, 
the end of the flood would have been a 
different story. 

. SHELDON WEEKS 

New York, N. Y. 

Sirs: 
To be careless of the distinction be

tween using a sign or an expression and 
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NelN trends and developments 
in designing electrical products • • •  

How to determine which General Electric Alnico Perma
nent Magnet grade offers the optimum set of magnetic 
and physical properties for a particu lar appl ication 

THE BASIC function of a permanent 
magnet is to provide a specific 

magnetic flux across a given air gap. 
The basic problem for the designer 
is to select a magnetic material with 
the optimum combination of mag
netic and physical properties to ful
fill this function. 

Since the permanent magnet has 
considerable influence on the final 
size, cost, and efficiency of the prod
uct, it is important to know the 
primary characteristics of each of 
the seven available General Electric 
Alnico grades. 

Each of these grades offers specific 
advantages in available energy, unit 
cost, and physical properties. No one 
grade excels in all of them. 

In terms of energy product, cast 
Alnico 5 has no peer among mag
netic alloys. Its 5 million minimum 
gauss-oersteds is 43% higher than 
Alnico 6. 

Its demagnetization curve (Figure 
1) shows that Alnico 5 has the high-
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Fig. 1 - Alnico 5 Energy Product and 
Demagnetization Curves 

est residual induction of all the 
Alnicos, as well as relatively high 
coercive force. This means that a 
smaller cross-sectional area and less 
total volume will be required to 
maintain a given air gap density. 

Thus, where there are space re
strictions, as in hearing aids, Alnico 
5 has more available energy per 
unit volume. Where there are weight 
restrictions, as in airborne magne
trons, Alnico 5 offers more available 
energy per pound. And where there 
are cost considerations, as in loud 
speakers, Alnico 5 provides maxi
mum external energy per dollar. 

At the opposite extreme, Alnico 3 
has one of the lowest energy prod
ucts of the Alnicos - 1.38 million 
gauss-oersteds (Figure 2). About 
3% times more Alnico 3 than Alnico 
5 is required to produce a given air 
gap field energy requirement. 

However, because of its lower 
cost, Alnico 3 offers important sav
ings in applications like toys and 
novelties, where performance and 
weight are not critical factors. 
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Fig. 2 - Alnico 3 Energy Product and 
Demagnetization Curves 

Despite its relatively low energy 
product, Alnico 3 still provides 
more external energy, at lower cost, 
than does 37% cobalt steel- the best 
of all the magnet steels. 

G-E Alnico 6 has an energy prod
uct of 3.5 million gauss-oersteds, 
ranking second only to Alnico 5. 
But the primary advantage of this 
grade lies in its flatter, more stable 
demagnetization curve (Figure 3, 
see top of next column). 

Alnico 6 has ability to provide 
useful field energy under dynamic 
operating conditions. And in certain 
applications, Alnico 6, despite its 
lower energy product, will produce 
a higher gap flux density than 
Alnico 5. 

For motors, generators and lifting 
applications, where the magnet is 
operating under varying demagnet-
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Fig. 3 - Alnico 6 Energy Product and 
Demagnetization Curves 

izing influences, Alnico 6 offers 
greater stability and high useful 
recoil energy. 

Generally speaking, permanent 
magnets' physical properties are 
seldom the primary consideration 
when selecting magnetic materials. 
However, in certain high rotary 
speed applications, such as rotors, 
physical strength is of major impor
tance. This necessitates the use of a 
sintered, instead of a cast, Alnico 
grade. These sintered magnets have 
tremendously improved physical 
properties, with but a slight sacrifice 
in magnetic properties. 

Sintered Alnico 2, for example, 
has more than 20 times the tensile 
strength of cast Alnico 2. And, it has 
10 times the transverse rupture 
strength, in addition to more uni
form magnetic properties. Approxi
mately the same order of structural 
improvements holds true for sintered 
Alnicos 4 and 5. 

Selecting the proper magnetic ma
terial is a crucial and complex part 
of the design problem. If you would 
like the assistance of a G-E Magnet 
Engineer in this, or any other, stage 
of your permanent magnet design, 
write: Metallurgical Products De
partment of General Electric Co., 11199 
E. 8 Mile Blvd., Detroit 32, Mich. 

Progress Is Our Mosf Imporfti,r' 'Protlucf 

GENERAL fj ELECTRIC 
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AN INDUSTRIAL HOSE NEVER MADE BEFORE 

Starting jet engines pneumatically is fast and efficient. The high temperature 
air required quickly ruins the hose that carries it. 

But that was yesterday! 

Today this unusual hose is here because Quaker Rubber Division scientists 
boldly accepted a challenge to make a hose "that couldn't be made." 

Extruded in continuous lengths, this new Quaker hose easily withstands 
temperatures as high as +450°F; as low as -80°F. And it's ideally suited to 
starting jet engines because it's all synthetic, lightweight, fully flexible, and 
resists abrasion. 

It's also suitable for many other applications where a hose with the outstanding 
characteristics of this one is required. 

From rubber to steel, from electrical equi pment to refractories, Porter divisions 
work toward a common goal: the production of quality products of which this 
fine Quaker hose is another example. 

H. K. PORTER COMPANY, INC. 

Divisions: ALLOY METAL WIRE, Prospect Park, Pa . • CONNORS STEEL, Birmingham .  DELTA-STAR 

ELECTRIC, Chicago • Henry DISSTON, Philadelphia • ESECO, Joliel, III. • LACLEDE-CHRISTY, 

SI. Louis • LESCHEN WIRE ROPE, SI. Louis • MclAIN FIRE BRICK, Pillsburgh • QUAKER PIONEER 

RUBBER, San Francisco • QUAKER RUBBER, Philadelphia • RIVERSIDE METAL, Riverside, N. J . • 

VULCAN CRUCIBLE STEEL, Aliquippa, Pa. • W-S FITTINGS, Roselle, N. J. 
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mentioning one ill becomes a meta
mathematical (indeed, a metameta
mathematical) article such as "Codel's 
Proof," by Ernest Nagel and James R. 
Newman [SCIENTIFIC AMERICAN, June]. 
For, without this distinction, metamath
ematics (and other metalanguages) 
could scarcely exist; and, if this distinc
tion is not consistently marked by some 
typographical convention (quotation 
marks or italics, for example), then end
less confusions between mathematics 
(or other object languages) and meta
mathematics (or other metalanguages) 
result. 

The distinction cannot be stated bath 
briefly and exactly; but, roughly, it is 
this. A sign or an expression is said to be 
mentioned if and only if it serves as its 
own name; it is said to be used, other
wise. Signs and expressions are used in 
both object languages and metal an
guages, but they are mentioned in 
metalanguages (and, of course, meta
metalanguages, etc.) only. "Paris is a 
city," for example, is an expression in an 
object language. For in it all four signs 
are used; and, of course, it is about 
things other than signs and expressions. 
But" 'Paris is a city,' for example, is an 
expression in an object language" is an 
expression in a metalanguage. For in it 
some signs-namely, the Rrst four-are 
mentioned; "'Paris is a city' " serves as 
its own name. " 'Paris' has Rve letters" is 
also an expression in a metalanguage. 
For in it the Rrst sign is mentioned; it 
serves as its own name. (Note that, 
though the metalinguistic "'Paris' has 
Rve letters" is true, the object-linguistic 
"Paris has Rve letters" is false.) 

"CodeJ's Proof" sometimes marks this 
distinction with quotation marks, as in 
this metametamathematical statement: 
... The statement" 'x' is a variable" be
longs to metamathematics [po 75J. It 
sometimes marks it with italics: The 
"sentential" variables (which corre
spond to sentences or statements) are 
certain letters: p, q, r and so on [po 77]. 
It sometimes marks it not at all: 
Consider the arithmetical expression 
2 + 3 = 5 [po 75]. This should read: 
Consider the arithmetical expression 
"2 + 3 = 5," or: Consider the arith
metical expression 2 + 3 = 5. 

In one instance, indeed, failure to 
mark this distinction results in a sen
tence that clearly violates the rules of 
English syntax and that, when patched 
up with (say) quotation marks, fails to 
do the job that it was written to do. The 
instance is the "translation" of the fourth 
axiom of the sentential calculus: If 
ducks waddle implies that y2 is a num
her then (either Churchill drinks brandy 
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Nylon fabric helps 
keep America's Press used for nylon laminates for 8-52 airplane 

parts at Swedlow Plastics Company 

global ie' bombers flying 
The Boeing B-52 long range jet bomber is capable of flights of incredible 

distance. The protection of the fuel cells naturally rates a high 

priority. To provide this protection, nylon laminated backing board 

manufactured by Swedlow Plastics Company in 

accordance with Boeing Specification BMS 8-13 
is placed adjacent to the flexible fuel 

cells to serve as a chafing and 

support member. 

Wellington Sears 

nylon fabric 

is an 

intrinsic part 

of th is important Swedlow 

product. Combined with nylon 

resins this all nylon laminate provides a 

light weight, high strength and high degree 

of energy absorption material necessary for this 

application. Proud as we are of our part in this important 

project, it is only one of thousands of fabric constructions

cotton and synthetic -available to industry from Well ington Sears. 

So be it automobile seat covers, awnings, canopies, industrial filters, 

belting or movie screens-whatever your product, whatever your industry

if it calls for fabric-call for Wellington Sears. Put over one century of experience 

in industrial fabric progress to work for you. For further details, write today for 

illustrated booklet "Modern Textiles For Industry." Address Dept. F-9. 

ellington Sears 
A Subsidiary of West Point Manufacturing Company 

FIRST In Fabrics For Industry 
for the Rubber, P/ast;cs, Chemical, Metallurgical, 

Automotive, Marine and Many Other Industries 

Wellington Sears Co., 65 Worth St., New York 1 3, N. Y.· Atlanta' Boston' Chicago' Dallas' Detroit· Los Angeles' Philadelphia' San Francisco' St. Louis 
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for Random Vibration Testing: 

CALI DVNE9S 
NEW 

COMPLETE. 
MATCHED SYSTEMS 

haker-Amplifier 
combinations in 1500, 5,000 and 
15,000 pound force ratings 

When Calidyne first investigated the 
problem of building random vibration test 
systems, it recognized the necessity of over-all 
system engineering, if desired performance levels 
were to be achieved. That goal has now been met 
in what is probably the first complete, integrated 
system comprised of matched components. 

"Wide-Band" electrodynamic Shakers oper
ate at higher frequencies on lower input power, 
for a given armature weight and matched load 
rating. In random testing the load approximates 
the armature weight, and inherent armature 
rigidity maintains a high first resonance. The new Random Noise Amplifiers are matched power 
sources for the "wide band" Shakers. Made by 
Westinghouse to Cali dyne specifications, they 
provide ample power for continuous duty oper-
ation at full performance. At the same time they 
are capable of supplying instantaneous power 
peaks for random noise tests. 

The Model 188 Console is a typical control 
unit for any of several systems. It contains basic 
Shaker-Amplifier operating controls, input shap
ing and compensation circuits, plus monitoring and 
other control equipment. With these components, 
Field Power Supplies complete the over-all system. 
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Fulton 7.6760 M. P. Odell Co. 
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SEATTlE, WASH. 
G. S. Miller Co. 
Lander 3320 

CHICAGO, ILLINOIS 
Hugh Marsland & Co. 
Ambanodor 2·1555 

INDIANAPOLIS, INDIANA 
Hugh Monlond & Co. 
Glendale 3803 

MINNEAPOLIS, MINN. 
Hugh Manland & Co. 
Colfoll: 7949 

DALLAS, TEXAS 
John A. Green Co. 

ALBUQUERQUE, NEW MEXICO 
G. 8. Miller Co. 
Albuquerque 5·8606 

River$ide 3266 CANADA HOLLYWOOD, CALIfORNIA Me05uremenl Engineering ltd. G. S. Miller Co. Arnprior, Onl., Phone 400 Hollywood 2·1195 Toronlo, Onl., Moyfoir 8860 
SAN fRANCISCO, CALIf. 

G.J. Miller Co. 
Lylell 3·3438 

SOUTHEAST EXPORT 
Specialized Equipmenl Corp. Rocke Inlernotional Corp. 
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or ducks waddle) implies (either 
Churchill drinks brandy or y2 is a num
ber) . Rendered into English, this "trans
lation" reads this way: If "ducks waddle" 
implies that y2 is a number then either 
"Churchill drinks brandy" or "ducks 
waddle" implies either "Churchill drinks 
brandy" or "y2 is a number." But, since 
this rendering is clearly in a metalan
guage, and since the axiom that its un
English original was designed to trans
late is (like all axioms) in an object lan
guage, this rendering clearly won't do. 
What would do is this: If it is the case 
that, if ducks waddle, then y2 is a num
ber, then it is the case that, if Churchill 
drinks brandy and/or ducks waddle, 
then Churchill drinks brandy and/or y2 
is a number. The article confuses an im
plication sentence (what it was groping 
for in its "translation" of the fourth 
axiom) with a statement about implica
tion, and its carelessness about the dis
tinction between using and mentioning 
signs and expressions helps it to do this. 
(Incidentally, "either ... or," which sug
gests the exclusive "or," is a misleading 
translation of "v" or the inclusive "or"; 
"and/or," used in the last rendering, is 
preferable. ) 

MARTIN STEINMANN, JR. 

University of Minnesota 
Minneapolis, Minn. 

Sirs: 
On page 76 ["CodeJ's Proof"; SCIEN

TIFIC AMERICAN, June] the "meta-chess 
theorem" is " . . .  if White has only two 
Knights, it is impossible for White to 
mate Black." Among the inadequacies of 
this statement are: 

1. The Kings must be on the board at 
all times. 

2. The Knight can mate without help 
of the King or any other piece. This 
"smothered" mate is often a threat and 
sometimes executed. 

3. When Black has only the King, he 
can easily force a draw against VVhite 
with the King and two Knights, but it is 
possible for White to win under these 
conditions, for Black can make the fatal 
mistake. "It is impossible for King and 
Bishop or King and Knight to win 
against the lone King" is a correct meta
chess statement. 

4. King and two Knights can force a 
win against King and properly placed 
Pawn. For example, the King and one 
Knight restrain the enemy King, while 
the other Knight blocks the Pawn. At the 
right moment the second Knight ad-
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WRITE TODAY 
For These Publications 

1. SPECIAL STEELS FOR INDUSTRY . . . 16 pages of essential data on the proper 
selection and application of principal AL 
special alloy products: stainless, tool and 
electrical steels and sintered carbides. 

2. �UBLICATION LIS! . . .  a complete 
hstlngof all AL pubhcatlons, both technical 
and non-technical Cover 100 in all), with a 
handy order. form for your convenienc,. 

ADDRESS DEPT.SC-81 

Stainless steel brightwork (ask about it on the car you buy!) has much 
more than surface attractiveness. It has built·in, timeless beauty. Beauty 
that goes all the way through-doesn't scratch off or rust off. Beauty that 
lasts-outlives the car itself. And beauty that's practical ... requires no 
weary polishing, just ordinary washing. 

In fact, wherever it's used, AL Stainless delivers something extra in 
good looks, strength, service life and resistance to ruSt and wear. Even 
where its first cost is higher (and that's not always the case) stainless 
steel usually costs much less in the end, because it lasts so much longer 
than other materials. 

AL Stainless Steel has given thousands of products a competitive 
edge: all SOrtS of products, from safety pins to railroad trains. Maybe 
there's a place in your business where it can boost sales appeal or re
duce costs. Let's help you look. Allegheny Ludlum Steel Corporation, 
Oliver Building, Pittsburgh 22, Pa . 

Make it BETTER-and LONGER lASTING-with 

AI.. Stainless Steel 
Warehouse stocks carried by all .Ryerson Steel plants waD 4933 0 
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hours to failure 

Avion's "Hi-Ri" program is fundamentally a philosophy of 
plus performance . . . derived in large measure from a bold 
concept of design simplicity. 
It's just that simple! 
The fewer the number of components required for any elec
tronic system - the longer the life expectancy of effective 
performance. 
*High Reliability has been achieved for missile guidance, 
fire control, infrared seeker, and other systems . . . largely 
through the application of this design concept. The relation
ship between simplicity of design and plus performance is 

. firmly established at Avion. 
And this relationship is sound, whether the electrol}ic sys
tem is designed for the military, or for industrial use. 

Send for Avion's "Hi-Ri" bullet;n on you, company'. lefferheod. 

INCORPORATED 
Av ION I _Q C r INDUSTRIES 

D I V I S ION 11 Park Place, Paramus, N. J. 

, vances to checkmate the King. This op
eration would end in a draw by stale
mate-a situation in which the defender 
is not in check but has no legal move
but the Pawn is able to move because 
the Knight unblocks it by the act of ad
vancing to join his fellow in the attack 
on the enemy King. In a few moves the 
Pawn becomes a Queen; so the player 
with the King and two Knights has to 
be sure he can win in a few moves. 

THOMAS W. FINUCANE 

Tennessee Chess Association 
Kingsport, Tenn. 

Sirs: 
The distinction between the use and 

the mention of signs is of course funda
mental, as Mr. Steinmann rightly notes. 
It is a distinction with which we are 
intimately familiar, and we enforced it 
consistently with the help of appropriate 
notation in the typescript of the article. 
However, in some cases (though not in 
all) our notational devices were modi
fied partly because in the editors' judg
ment our notation made the article more 
difficult for the general reader to follow. 
Once the distinction between use and 
mention is clearly made, as we think 
our article has in effect made it, it is at 
least debatable whether it is essential to 
thrust the point on the reader's atten
tion on every occasion, especially in a 
nontechnical essay such as ours. We 
might add, in defense of the editors' 
alterations, that the rigorous notational 
enforcement of the distinction is often 
relaxed even in books and papers ad
dressed to specialists. As to the illustra
tion for the fourth axiom of the propo
sitional calculus, Mr. Steinmann's cen
sure is well-taken if one assumes that 

"implies" is being employed as a meta
linguistic predicate; we were using the 
word, however, as an alternative collo
quial rendering of "if-then." 

It is also a valid pOint that the "meta
chess theorem" about mating with two 
Knights is loosely phrased. It would be 
correct to state that if White has only 
two Knights, and Black only a lone 
King, White cannot force a mate against 
Black 

ERNEST NAGEL 

New York, N. Y. 

JAMES R. NEWMAN 

Wellfleet, Mass. 
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New horizons in tool performance ... with 

high-speed ceramic cutting tools of Alcoa Alumina 

Machining speeds and quality never before practical are 
being achieved with newly developed ceramic cutting 
tools of ALCOA® Alumina. Field tests compared-under 
controlled conditions-performance of the new ceramic 
tools with other types. In every test, the ceramic tools 
were run at higher speeds over longer cuts before tool 
failure. 

Along with higher cutting speeds and better surface 
finishes, ceramic tools have demonstrated these extra 
operating benefits: they withstand extremely high tem
peratures at the cutting edge with no change in basic 
physical properties; they can't weld to metal being cut, 
will not contaminate machined surfaces of dielectric or 
electrical insulating materials. Chemically inert, they 
can't rust, burn or decompose ... they withstand com
pressive loads up to 500,000 Ibs. per sq. in .... and they 
reduce "tool chatter." 

Composed principally of ALCOA Alumina, ceramic 
cutting tools are sapphire-hard. Resistance to high tem-

�' THE ALCOA HOUR � � TElEVISION'S rlNEST LIVE DRAMA 
'" ALTERNAT[ SUNDAY EVENINGS 

peratures is excellent. Their red-hardness temperature 
is 22000 F-compared to 15600 for two hard alloys and 
only 11000 for high-speed steel. That makes them ideal 
for cutting cast steel, cast iron, chilled iron, carbon steel, 
high-speed steel ... and such nonferrous materials as 
plastics, abrasives (including other ceramics) and graph
ite products. 

If you are interested in cutting your machining costs 
by boosting cutting speeds while improving surface fin
ishes, it will pay you to investigate the new ceramic tools 
of ALCOA Alumina. 

ALCOA does not manufacture ceramic tools, but we 
will gladly furnish you with a list of manufacturers. Write 
ALUMINUM COMPANY OF AMERICA, 706-1 Alcoa Build
ing, Pittsburgh 19, Pennsylvania. 

UMINUM COMPAN'V OF AM£R1CA 
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ANNOTATED IIILIOGI,,'HY 
ON fH' USI 01 

ORGANOLITHIUM COMPOUNDS 
,. 

ORGANIC $YNTHESIS 
OlGANI( ,nine. 

SUPPlEMENT No. A 

ORGANOLITHIUM CHEMISTRY LITHIUM CORPORATION 
OF AIIRlCA, lie, 

1,021 Abstracts in 7 years 
and interest is INCREAS/NGI 

Seven years ago we made available to research chemists the first edition of the Annotated 
Bibliography On The Use Of Organolithium Compounds In Organic Synthesis. It was 
compiled and edited to fill a definite need. We recognized among those engaged in chemical 
research an ever-spreading interest in organic reactions utilizing lithium metal and the 
compounds derived from it. Also, a serious lack of organized literature on the subject. 
Publication of three supplements has followed the original bibliography-further evidence 
of demand for this valuable research tool. 

*SUPPLEMENT NO.4 NOW READY FOR DIST RIBUTION 
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Supplement No.4 contains a record 271 abstracts of papers 'published during 1954 and 
1955. The abstracts are listed alphabetically by author and are numbered consecutively. 
An index of compounds mentioned in the abstracts is included. 

ExAMPLES OF USES OF ORGANOLITHIUM COMPOUNDS: Condensing agents, Claisen 
condensations, Alkylations of nitriles and ketones, Synthesis of ethinyl compounds and acetylenic 
carbinols, Grignard-type synthesis and Preparations of organometallic compounds of other metals. 

The Original Bibliography and its Supplements are offered as a reference work and guide 
to research on Lithium and its compounds. They are distributed without charge to those 
engaged in chemical research. A request attached to your letterhead will bring you this tool 
in lithium chemistry. Specify Original Bibliography, Supplements, 1,2,3 or 4. l\ITHIUM CORPORATION 

OF AMERICA, INC. 
i 2685 RAND TOWER 

MINNEAPOLIS 2, MINN. 

MINES: Keystone, Custer, Hili City, South Dakota • Bessemer City, North Carolina . Cat Lake, Manitoba . Amos Area, Quebec· BRANCH SALES OFFICES: New York 

Plttsbur,h • Chlca," • CHEMICAL PLANTS: St. Louis Park, Minnesota • Bessemer City, North Carolina • RESEARCH LABORATORY: St. Louis Park, Minnesota 
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YOU USE ACME SCREWS 

AND/OR SLIDING SPLINES 
This message Is of vital interest to you! 

� J:1 � I r 

Using nearly frictionless rolling balls between 

mating surfaces, Saginaw has far outstripped 

the capabilities and the efficiency of conven-

tional Acme screws and ordinary sliding splines! 

The secret's simple: steel balls recirculating in closed-circuit 
raceways eliminate sliding friction_ This principle was pio
neered by Saginaw to reduce automobile steering effort_ 

TWO TYPES OF SAGINAW ball/bearing SCREWS 
1. Machine-Ground Saginaw bib Screw_ It is already being 
widely used in aviation, electronics and similar industries, 
where its ability to provide precision actuation and positioniug 
with far greater efficiency and dependability-plus vital 
savings in power, weight and space-has proved a tremendous 
advantage_ Each unit is custom-engineered for its application_ 

2. Rolled-Thread Saginaw bib Screw_ It operates on exactly the 
same principle but has rolled threads, and is mass-produced 
in a choice of 7 standard sizes and practically any screw 
length. Result: production costs have been reduced so greatly 
that it costs no more-often less-than comparable Acme 
screws, which are far less efficient. In many non-critical 
applications it will give completely adequate service. 

BOTH TYPES OFFER THESE BIG ADVANTAGES: 
• At least 90% efficiency guaranteed-colllpared with 

15 % to 20 % efficiency of conventional ACllle screws 

• Far less wear-less lllaintenance-ionger life 

• Less than % as llluch torque requirelllent as ACllle 
screws for sallle an�ount of linear output 

• Consequent savings in 
size and weight of lllotors 
and auxiliary equiplllent 

• Dependable o peration 
even without lubrication 

• Will function sllloothly 
at telllperatures frolll 
-75° to +275° F_ 

THE REVOLUTIONARY SAGINAW ball/bearing SPLINE 
Radically increases the efficiency of transmitting or restrain
ing high torque loads. Wherever column length must change 
under torque load, the Saginaw b jb Spline offers unprecedented 
freedom from conventional spline restrictions. 

• Approxilllately 40 times lower coefficient of friction 
than ordinary sliding splines 

• Far less wear-longer life-greater dependability 

• By reducing power, weight and space requirelllents, 
permits engineering designs hitherto impractical 

• Dependable operation with or without lubrication, 
at teIllperatures fron� 
-75° to +275° F_ 

• Can be fitted with integral 
gears, clutch dogs, bear
ing and sprocket seats or 
other attachlllents for use 
with electrical, hydraulic 
and pneulllatic units 

As with all highly successful new products, these Saginaw 
developments are already being imitated-but not equalled_ 
Saginaw Steering Gear Division of General Motors Corpo
ration-world's largest builder of steering gears-pioneered 
the recirculating-ball principle in America, and was the first 
volume producer. Saginaw offers you not only superior know
how and production facilities, but a number of original design 
features. Our experienced engineers are ready and eager 
to recommend the most advantageous applications for you. 

SHOW THI S MESSAGE TO Y OUR ENGIN E ERS TODAY_ 

IT MAY SAVE YOU THOU SANDS OF DO L LARS AND GREATLY 

IMPROV E  THE PERFORM ANC E OF YOUR PRODUCT S 

.... -- MAIL COUPON FOR DATA BOOK TODAYl 

Saginaw Steering Gear Div., General Motors Corp., Saginaw, Mich. 

SAGINAW STEERING GEAR DIVISION 
GENERAL MOTORS CORPORATION 
DEPT. 11 A, SAGINAW, MICHIGAN 

Please send detailed information on: 

o Saginaw bib Screws o Saginaw bIb Splines 

10m interested in their application to: ________________ _ 

NAM<-E ________________ TITlE ________ _ 

FIRM __________________________ _ 

ADDRESS, ________________________ _ 

CITY--______________ ZONE ___ STAT<-E ____ _ 

�------------------------------
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THE RARE EARTHS - A NEW FRONTIER 
,They offer a rich, new./ieldfor research and 

a challenging industrial potential 

In its restless search for knowledge, 
science has brought us to the 
threshold of space, our eyes on the 

infinity of the universe while we are 
continuing our investigation of the 
many mysteries that still exist here on 
our own planet. One of the richest, 
most exciting of these virtualIy unex
plored realms lies in that little known 
group of versatile metals-the rare 
earths. 

There are 15 rare earths-atomic 
numbers 57 through 7l-and together 
they occupy about .012% of the earth's 
crust. They are remarkably alike in 
their chemical behavior because of 
their atomic structure. The main dif
ference lies in the disposition of the 
three outermost electrons. The differ
ence is always slight; the heavier rare 
earth atoms have a smalIer radii, hence 
are denser than the lighter ones. 

This characteristic makes separation 
difficult, but it also makes the rare 
earths ideal subjects for the study of 
the magnetic properties of materials 
and to test various theories of physical 
chemistry and physics. The rare earths 
may hold the combination that will un
lock many of the secrets of nature. 

Industry, too, is turning to the rare 
earths in a search for materials to im
prove products and processes. And 
they have found that the rare earths of
fer enormous potentials. Already many 
of these metals are being used in a vari
ety of industrial fields. 

Rare earth chloride is a combination 
of the chlorides of cerium, lanthanum, 
neodymium and praseodymium with 
smaIler amounts of samarium, gadolin
ium and less common rare earth chlo
rides. From this material comes misch 

a report by LINDSAY 

metal used in lighter flints and as an 
additive in many grades of steel. Rare 
earth chloride also serves in the pro
duction of chrome, dentifrices, silk, alu
minum, fertilizer and catalysts. 

Cerium, most common of the rare 
earths, is widely used, in its oxide form, 
as a polishing agent for optical and 
other forms of glass. Cerium hydrate is 
an ingredient in the production of the 
special glass used to view highly radio
active operations. 

The rare earths have drying proper
ties that can be useful in the produc
tion of better paints. And, neodymium 
and praseodymium have potential 
value as colorants in the manufacture 
of ceramics. 

The petroleum industry is investigat
ing the use of rare earths as catalysts 
in their cracking plants. And this 
unique group of metals shows promise 
in catalytic.polymerization-a problem 
in the manufacture of many synthetic 
fibers and plastics. 

Thulium, made radioactive, emits X
rays of proper length and strength for 
diagnostic use. A pea-sized bit of thu
lium will last a year as the source of 
rays in a small, portable X-ray unit ... 
a device which would be of great value 
to physicians and hospitals. 

Much of the interest in rare earth 
and thorium chemicals has been 
sparked by Lindsay scientists. Since the 
days of the incandescent gas-mantle 
lamp, in the last years of the 19th Cen
tury, Lindsay has worked and pio
neered in this field. Expansion has 
come as researchers at Lindsay and in 
science and industry have uncovered 
new uses for the rare earths. Just re
cently Lindsay has expanded its ion 

PLEASE ADDRESS INQUIRIES TO: 

UNDSAY CHEMICAL COMPANY 
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exchange installation and now has 100 
columns in operation at its West Chi
cago plant for the separation of some 
of the "rarer" rare earths in commercial 
quantities and in purities up to 99.99%. 

If you think there is even a remote 
possibility that the rare earths might 
have significant applications in your in
dustry, you may find it worthwhile to 
talk with our technical people. The 
data obtained through our years of re
search is available to you and we can 
supply you with rare earths in quanti
ties from a gram to a carload. 

264 ANN STREET, WEST CHICAGO, ILLINOIS 
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Drums to dramatics 
Don't be surprised to learn that the engineers and scientists at Hughes who have the 
highest academic degrees are those who were the most active on the campus. 

This series has consistently revealed that the higher the degree, the more active the 
man. Interests in campus activities ran all the way from playing the drums 
(or the banjo) in an orchestra to playing the hero (or the villain) in a play . . .  from 
cheerleading to chess teams . . .  from football to forensics or what you will. 
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Here at  Hughes more than half the en
gineers and scientists in our Laboratories 
have had one or more years of graduate 
work. One in four has his Master's, one 
in 1 5  his Doctorate. 

Our research program is of wide va
riety and scope, affording exceptional 
freedom as well as superior facilities for 
these people. It would be difficult to find 
a more exciting and rewarding climate 
for a career in science. Too, we are con
tinually stepping up projects which will 

insure success in commercial as well as 
military work. 

Hughes is pre-eminent as the devel
oper and manufacturer of the electronic 
armament control system now standard 
equipment on all Air Force all-weather 
interceptors. Our program also embraces 
ground systems radar, the Hughes Falcon 
and other guided missiles, automatic 
control, and synthetic intelligence. 

Projects of broader commercial and 
scientific interest include research in and 

II: 2r-::J 
U < II: I- 0 B . S .  M . S . P H . D .  X OJ 

A C A D E M I C  D EG R E E  

Campus Activities vs. Academic Study 
Data o bt a i n ed from a 20% ra n d o m  s a m p l e  of p e rson a l  

facts a bo u t  t h e  2400 profess i o n a l e n g i n ee rs a n d  s c i e n ·  

t i s t s  on t h e  staff of H u ghes R e s e a rch a n d  Deve l o p m e n t  

La boratories. 

manufacture of semiconductors, elec
tron tubes, digital and analog computa
tion, data handling, navigation, and 
production automation. 

r-----------------------i 
I I The Laboratories now have positions open for 

Scientific Staff Relations I
: H U G H E S I

: I I L _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  � 

engineers in a highly trained organization giving support 
to the armed services and airframe manufacturers 
using Hughes equipment. Write for details. 

R E S EA R C H  A N D D E V E L O P M E N T  L A B O R AT O R I E S 

H U G H E S  AIR CRAFT C O M PANY 
Culver City, Los Angeles County, California 

I I I 
1 
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The New Sylvania RF Lamp is explained by a Svlvania 
engineer to actress DANI CRA YNE, appearing in " THE 
UNGUARDED MOMENT" a Universal-Interna tional picture, 
print by TECHNICOLOR. Called the most significant ad
vancement in lighting since the Edison lamp, the RF lamp is 
powered by high-frequency radio waves. The light-emitting 
source is composed of a Norton high-purity refractory which 
Sylvania uses to produce the most uniform concentra ted 

light ever devised. After inventing this outstanding new lamp, 
Sylvania engineers turned to Norton Company as a dependable 
source of high -mclting, s table ma terials. 

The commercial success of this new lamp required exact 
duplication of refractories from lamp to lamp. Hence, Norton 
experience in producing and duplicating high quality refrac
tories gave invaluable assistance to the development of a new 
Sylvania product. 

R. F. POW£R SUPPLY 

A 

Norton Refractories used in the RF 
lamp are shown in yellow: (A) tantalum 
carbide target, the light-emitting source; 
(B) zirconium oxide target-support 
centers the target in the RF field. High
frequency waves from an induction heat

. ing coil pass through the glass envelope, 
into the concentrator, and heat the re
fractory target, resulting in a great in
crease in both volume and uniformity of 
light emission over the usual incandes
cent type lamps. 

Another Norton assist . • • 

Specially engineered refractories aid in 

developing Sylvania 's revolutionary 

RF induction lamp 

The development of the new Sylvania 
RF lamp is another good example of how 
Norton refractories engineers can team 
up with .your engineering or develop
ment s tall' to surmount temperature bar
riers, provide new high-stability ma
terials and otherwise help speed your 
technical progress. 

Take advantage of this cooperation. 
Let Norton know-how assist your pro
gram for product development or im
provement. Norton high-melting, fusion
s tabilized ma terials are engineered and 
prescribed to give you the best possible :ij - the most effective combina tion of 
physical characteristics plus thermal, 
chemical and electrical properties. For 
details, call in your Norton Refractories 
Engineer. Or write to NORTON COMPANY, 
Refractories Division, 547 New Bond 
S treet, Worcester 6, Mass. In Canada: 
A. P. Green Fire Brick Co., Ltd., .  
Toronto 5, On tario. 

(NORTON; 
R E F R A C T O R I  E S  

Engineered . . .  It . . .  Prescribed 

trJakinq beifer produofs . . .  

trJ make your products better 

NORTON PRODUCTS: Abrasives • Grinding 

Wheels • Grinding Machines • Refractories 

BEH R-MANNING PRODUcTs, Cooted Abrasive. 

Sharpening Stones • Behr-cat Tapes 

3 7  
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omewhere in the nearly empty reaches of outer space, 
two hydrogen atoms collide. After a 1 �O-million year journey 
at the speed of light, the signal generated by that accidental 
collision reaches a super-sensitive radio telescope antenna in 
Massachusetts and is recorded - and so one grain more is 
added to man's knowledge of the universe. 

Modern miracles like this happen every day at Harvard 
University's Agassiz Station Observatory, where a giant new 
radio telescope, with its 60' Kennedy antenna, is taking 
man further back in time . . .  and further out into space . . .  
than he has ever been before. 

Down-To-Earth SOLIJ<TIONS to 
Out-Of-This-World PROBLEMS 

Tracking Antennas 
Radio Telescopes 
Radar Antennas 
Tropospheric Scatter 
Ionospheric Scatter 
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What a ship ca n shovv you 

a bout COPPE R 
Ocean-going vessels put any metal to the test. 

Salt water under the hull, salt air over the 
superstructure . . .  these tend to "eat away" 
metals less corrosion-resistant than copper. 

The British Admiralty found, in 1870, that 
adding tin to "cartridge brass" greatly increased 
its resistance' to corrosion at sea. Hence the alloy 
known today as "Admiralty Metal."  Since those 
days, many other copper alloys have been de
veloped with even greater resistance to corrosion. 

Now, your Company may never wish to build 

a huge ship's propeller or a, vast rudder or a steers
man's wheel or even a navigator's sextant. 

But if you make any product that can be im
proved by adding to its durability and resistance 
to corrosion, copper is for you. 

Whether your product goes to sea or serves 
ashore, the workability of copper's many alloys 
is another advantage to you. They join readily . .  . 

are easy to form . . .  plate and polish beautifully . .  . 

. . . and they stand up in service wherever you 
put them to work . . .  on board or on shore! 

COPP ER & B RASS 
R E S E A R C H A S S O C I AT I O N  

420 Lexington Aven ue, New York 1 7, N. Y • 

• • • AN I N DUSTRY SOURCE OF TECHNOLOG ICAL A I D ,  INCLUDING A LIBRARY OF TECHN ICAL LITERAT U R E  A N D  A COUNCIL OF SPECIALISTS 
C O P P E R  O R  I T S  A L L O T S  P RO V I D E  T H E S E  A D V A N T A G E S :  

Best conductor of � Does not rust • • •  � Best heat transfer lflj)) Easy to machine, � Weld. readil y . . .  � 
electricity commercially (: It :l high corrosion agent of all � form, draw, stamp, excellent for r� ill' available � lesistance commercial metals polish, plate, etc. soldering and brazing - ' '-'" 
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DOUGLAS SElECTS LINK 
T O  BUILl> FIRST DC.8 JET SIMULATOR 

AE RONAUT I C A L  SYSTEMS 
have made vital contributions to the progress of jet avia
tion and its expansion into the civil transport field. Many 
have won recognition as the finest in the industry, bench 

. marks of American technology. 
Whole generations of airmen, for instance, have 

been trained in flight simulators developed and produced 
by Link, pioneer of on-the-ground flight training. This 
GPE Company has delivered oyer 800 jet flight simu
lators-more than all other manufacturers put together. 
It has just been selected, on the basis of superior tech
nology and equipment, to produce America's first simu
lators for jet air liners. Link-developed DC Computer 
Systems in Link supersonic simulators are the only ones 
meeting the needs of these advanced aircraft. 

Equally dominant are the gyro-magnetic compass 
systems of Kearfott, another GPE Company. This com
pany's new lightweight J-4 Compass System weighs only 

G E N E R A L  P R E  C s o N 

9 2  GOLD STR EET, N EW YO R K  a s ,  N EW YORK 
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18 pounds. Yet it provides accurate heading information 
at all latitudes, is rugged enough to maintain its high ac
curacy despite the jolts and speeds of jet Hight. The Air 
Force has just selected it as standard for all new fighter 
craft. Kearfott's N-l Compass System has been the navi
gational standard for Air Force bombers for 5 years. 

Still another member of the GPE Group, General 
Precision Laboratory, has developed and is currently 
making quantity deliveries of the most advanced airborne 
navigation systems in use. These GPL systems, which 
are self-contained and fully automatic, have flown mil
lions of operational miles with unprecedented accuracy. 
Their adaptations to civilian jet needs-GPL's RADAN 
Systems-are expected to make equally far reaching con
tributions to the commercial jet transport field-in the 
way of increased safety, fuel economy, passenger conven
ience and efficient use of limited air space. 

These are but some of the accomplishments in avia-

E Q u P M E N T 

_'Iiiil" 1'· 

tion for which GPE Companies, working in conjunction 
with the Armed Services, are responsible. Librascope, an 
important member of the Group, produces outstanding 
instruments and equipment for the field. Librascope's 
computers, its highly advanced equipment for photo
reconnaissance work and photogrammetric equipment 
for the interpretation of photo data, its periscopes, pilot 
and navigator finders, are all leaders. Several GPE Com
panies are deeply involved in inertial guidance, guided 
missile projects and certain nuclear power applications. 

In all GPE achievements in the numerous indush'ies 
in which the companies work, GPE Coordinated Preci
sion Technology plays an important part by inter-relating 
the wide range of skills and resources of the Group. This 
operating policy, and each company's unremitting in
sistence on highest quality, are major reasons for the he
quency with which GPE systems and equipment continue 
to set standards in their fields. 

C 0 R P 0 R A T o N 

T H E  G P E  G R O U P  Am pro Corporation • Askania Regulator Company • Bizzelle Cinema Supply Corporation • Bludworth Marine 
General Precision Laboratory Incorporated • The Griscom-Russell Company • The Hertner Electric Company International Projector Corporation 

KeaT/ott Company, Inc. - Librascope, Incorporated • Link Aviation, Inc. • J. E. McAuley Mfg. Co. • National Theatre Supply 
Pleasantville Instrument Corporation • . Precision Technology. Inc. - SEC-a-matic Corporation • Shand and JUTS Co. 

Society for Visual Education. Inc. • The Strong Electric Corporation • Theatre Equipment Contracts Cornoration 
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The continuing leadership of these truly great Companies is a tribute to sound, farsighted management. 

Today in their offices automation for figures is at work. Throughout the country, large and small businesses 

are using Monro-Matic Desk Calculating Machines. 

With the Monro-Matic Duplex Calculator, figure-work time, costs and effort are measurably reduced. It gives 

answers to several problems simultaneously. It actually adds as it multiplies, adds as it divides, and by storing 

individual answers automatically 

eliminates the time-consuming 

addition or subtraction of See t h e  M A N  fro m  MON RO E 
results when the final answer 

is needed. For new figuring speed and accuracy write or telephone your local 

office of Monroe Calculating Machine Company, Inc. 

General Offices : Orange, New Jersey. Offices throughout the world. 

for CALCU LATING 
ADDING 
ACCOUNTING 
DATA PROCESSING 

MACH I N ES 
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OPTICS' 
• 

Think of American Optical Company • . . America's Complete Optical 
Source. 

In the air, on land, on the seas, AO designed-and-manufactured optical 
systems are the "eyes" for an almost endless variety of weapons. 

In the role of prime contractor and subcontractor, American Optical is 
actively engaged in both the development and production of optical systems 
for lire control, aerial reconnaissance, navigation and bombing systems, 
infra-red search and guidance and infra-red detection. 

Here at one of America's most modern instrument plants, facilities for 
design, model work and production are located at one convenient source. 
Only 75 miles away, at American Optical's Research Center, Southbridge, 
Mass., over 100 scientists use complete modern equipment, including 
electronic computors for lens design, supplementing the Keene facility on 
research and development. 

If you have a problem involving the design or production of instruments, 
sub-assemblies or optical components, just write or phone. An AO Optical 
Specialist will be happy to discuss your problem with you. 
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American � Optical 
Instrument Division 
Defense Products Plant 
Keene, New Hampshire I 

Write Dept. 1178 
Requesting Brochure SB5 
describing American Optical 
Company Defense Products 
facilities and capabilities. 

50 AND tOO 
YEARS AGO 

SEPTEMBER, 1906: "Frederick 
Soddy discusses the unknown store of 
energy contained in the chemical ele
ments, and the prospect of making it 
available. None of the material changes 
dealt with in chemistry is very profound. 
Radioactivity has brought more funda
mental changes into view. The large 
internal energy exhibited by the radium 
atom cannot be regarded as peculiar to 
radium. Uranium was known long be
fore its radioactivity was discovered, and 
represents another perfectly normal 
chemical element, Yet uranium, since it 
produces radium with evolution of en
ergy, must possess all the internal en
ergy of radium and more. It is probable 
that the elements as a class all possess 
great internal energy, and that their 
characteristics of stability and perma
nence, and the failure of all attempts to 
change them by artificial means, are due 
to the existence of this internal energy. 
The forces at our disposal compared to 
those which are exhibited when an atom 
suffers change, are of a different and 
lower order of magnitude, and it is not 
to be expected therefore that transmu
tation will become possible until we can 
control more powerful agencies than are 
at present available. Suppose that a way 
were known in which the element ura
nium, for example, which disintegrates 
to the extent of a thousand-millionth 
part annually, could be made completely 
to disintegrate in the course of a year. 
From one gramme of the element more 
than a thousand million calories could 
be evolved, and this, if it could be con
�erted into electrical energy, would be 
equivalent to more than'l,OOO kilowatt
hours, and would suffice to keep a 32-
candle-power lamp burning continuous
ly throughout the year. By the expendi
ture of about one ton yearly of uranium, 
costing less than £ 1,000, more energy 
would be derived than is supplied by 
all the electric supply stations of London 
put together." 

"In his presidential address delivered 
to the British Association for the Ad-
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WARREN A. MARRISON. 
Tompion Gold Medal, 
Worshipful Company of 
Clockmakers of the City of 
london, for pioneer work 
on development of quartz 
crystal oscillators as pre
cision standards of time. 

AXEL G. JENSEN. David 
Sarnoff Gold Medal, So· 
ciety of Motion Picture ond 
Television Engineers, for 
technical contributions to 
television; G.A. Hagemann 
Gold Medal for Industrial 
Research, Royal Technical 
College, Copenhagen. 

.. 
.. 

.. 

W. G. PFANN. Mathew
son Gold Medal, American 
Institute of Mining and 
Metallurgical Engineers, 
for discovery of and pio
neering research in zone 
melting. 

.. \ 
.. 

I 
I 

I 
I 
I 

I 

.. 
.. 

.. 
.. 

, 

\ 
\ 
\ 

I 
I 

H. T. F RII S. Medal of 
Honor, Institute of Radio 
Engineers and Valdemar 
Poulsen Gold Medal, Dan
ish Academy of Technical 
Sciences; important work 
in application of short and 
ultro-short radio waves . 

I 
I 

I 
I 

I 
I 

I 

" 
" 

" 
" 

" 
" 

" 

, 
, 
, 
, 
I 
, 
I 
I 
\ 
I 

l 
\ 
I 

CLAUDE E. SHANNON. 
Stuart Ballantine Medal, 
Franklin Institute of the 
State of Pennsylvania, for 
contributions to a compre
hensive theory of commu
nication. 

H. F. DODGE. Shewhart 
Medal, American Society 
for Quality Control, for 
original contributions to 
the art of statistical qual
ity control. 

I 
, 

, 
I 

These are some of our recent medal 

winners at Bell Laboratories. The awards 

they have won symbolize recognition for 

outstanding achievement in the many sci· 

ences that bear on telephony. Bell Labs is 

extremely proud of them-and of the thou· 

sands of scientists and engineers who work 

with them to keep the American telephone 

system the greatest in the world. 

I 

I 

R. KOMPFNER. Duddell 

iii / 
Medal, Physical Society of ./ 
England, for his original 
work on the traveling 
wave tube. 

I 
, 

BELL TELEPHONE 
LABORATORIES 

WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT 

I 
I 
I 
, I I P _____ .. \ 

P " I � 
I I '  

I " 

WALTER H. BRATTAIN. 
Co-winner with Dr. John 
Bardeen of John Scott 
Medals, City of Philadel
phia, for invention of the 
transistor. 
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This Antioch Process* aluminum cast
ing is part of a fuel pump for a guided 
missile. The 5/16" walls must pass a 
1500 psi pressure test-no impregna
tion permitted. Interior walls are 
smooth and true as-cast. 

If you have a problem aluminum 
casting write us for our most recent 
album of problem castings that are 
problems no more. 

Morris Bean & Company 
Yellow Springs 5, Ohio 

*We have available a technical book
let on the Antioch Process. 

antioch process casting 

van cement of Science, Prof. E. Ray 
Lankester said: 'We have the discovery 
by Rutherford and others that radium is 
continually being formed afresh, and 
from that particular element in connec
tion with which it was discovered
namely, uranium. Hypotheses and exper
iments as to the details of this process 
are at this moment in full swing, and 
results of a momentous kind, involving 
the building up of an element with high 
atomic weight by the interaction of ele
ments with a lower atomic weight, are 
thought by some physicists to be not 
improbable in the immediate future.''' 

"It is now known that hay fever is due 
to the invasion of the mucous membrane 
of the nose by the pollen of certain 
plants. At present a hundred and four
teen plants are known to have toxic pol
len; wheat, rye, and quite a number of 
gramina form a part of them. The active 
principle of the pollen consists of a 
granular amylaceous material, and lasts 
a long while. The toxin of this granular 
material has been separated, and it has 
been used in manufacturing an anti
toxin. We can scarcely hope to find an 
antitoxin that will permit of treating hay 
fevers due to different pollens. It will 
be sufficient indeed to prepare anti
toxins corresponding to the principal 
toxic pollens. The antitoxin should be 
administered by preference in a powder 
-a mixture of sugar and antitoxic serum. 
It generally cures and confers a certain 
immunity. Out of 222 cases treated, 
these results were obtained: 127 suc
cesses (say 57 per cent); 7 1  improve
ments (say 32 per cent); 24 failures 
(say 1 1  per cent). The proportion is 
very encouraging." 

"Great Britain may well be satisfied 
with the information collected in the 
Antarctic by Capt. R. F. Scott and his 
gallant companions. And what did Capt. 
Scott find after his memorable struggle 
up the glacier through the mountains? 
An enormous plateau at an elevation of 
about 9,000 feet, nearly level, smooth 
and featureless, over which he traveled 
directly inland for over 200 miles, see
ing no sign at his furthest pOint of any 
termination or alteration in character. So 
far as could be seen from other journeys, 
glacial discharge from this great upland 
is very small, and practically it appears 
to be dead. Its accretion by fresh snow
fall is insignificant, while on all sides 
along the flanks of the coastal mountains 
there are signs of diminution in the mass 
of ice. The great ice barrier east of Ross 
Island tells the same tale. This magnifi-
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CHLORINATED 

HYDROCARBONS 

PERCHLORETHYLENE? 

Stauffer's 'Perk' is available in the Technical grade for 

industrial degreasing ... and in the Drydeaning
' 

grade 

... both grades stabilized for use in all standard synthetic 

units. 

METHYLENE CHLORIDE? 

Lowest in density, boiling point, freezing point and toxic

ity of all the chlorinated hydrocarbons, Stauffer's Methyl

ene Chloride is available at highest levels of purity for 

every technical and industrial use. 

CARBON TET? 

Stauffer is a major source of this widely used solvent, 

carrier, flame inhibitor, fire extinguisher, and chemical 

intermediate. 

CHLOROFORM? 

Stauffer's present substantial facilities will be greatly en

larged in 1957 by the addition of a new plant for the 

manufacture of Chloroform at Louisville. 

STAUFFER CHEMICAL 
COMPANY 

380 Madison Avenue, New York 17, N. Y. 
Telephone: OXford 7·0600 
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CLEARER 
VISION 
IN 
THE 

WORLD 

ORTHOLUX-One of the many outstanding LEITZ instrumenls-a microscope that 
fills every researdi requi�emen t: Known for its versatility, image quality, uniq'le 
operational feat�re.·. Built-in incident or tronsmilled illumination; dual c;introls; boll
bearing stage mo�ement. Foc�sing wilhoul alt��alion of ey:epiece height; fingerlip 
conttol, faligue-free operation. C.pmbined binocular-monocular-photographic body 
provides inslonl changeover from visual observation 10 photography, projeclion, etc, 

For more than a hundred years, LEITZ precis jon optics have given 
the scientist a clearer vision of the microscopic world. A heritage in 
the rare craft of optical designing, skills that can only be handed 
down from father to son, and pioneering manufacturing tech
niques place the name LEITZ foremost in the minds of research 
scientists all over the world. In the diverse line of LEITZ instru
ments, undoubtedly there is one that will fill your specific needs. 
Write to us about your requirements. Our experienced technical 
staff welcomes the opportunity of assisting you. 

first in precision optics 

r---------------------------------------------, 
E. LEITZ, INC., DEPARTMENT 50-9 
468 FOURTH AVENUE, NEW YORK 16, N.Y. 
o Please give the olloched requiremenls your special ollenlion 
o Please send me the Leilz ORTHOLUX brochure· 

NAME ______________________________________________ _ 

STREET ______________________________________________ _ 

CITY _________________ ZONE __ STATE _____ _ 

L ____________________________________________ _ 

E. LEITZ. INC •• 468 FOU",TH AVENUE. NEW YORK 16. N. Y. 
Dis trib utors of th e  world - fa mo us p ro d u cts of 

Ernst Leitz. G. m. b. H .. Wetz la,.. Germany-Ernst Leitz. Canada Ltd. 

LEICA CAMERAS ' LENSES ' MICROS COPES; BINOCULARS 

16 � 56 

cent feature presents to the sea a face 
of perpendicular ice cliffs varying from 
60 feet to 240 feet in height, and 450 
sea miles long. Sir J. Ross mapped its 
position in 1841, and Capt. Scott finds 
that it has retreated on an average of 
15 miles, varying much in different 
parts. Should this rate of retreat con
tinue, the whole of this ice mass, as far 
as Capt. Scott saw it, will have vanished 
in 1,000 years." 

"When the tall office building, in the 
course of its rapid evolution, had at
tained the height of 300 feet, it was 
freely predicted that the limit had been 
reached, and that future structures in 
New York City would be of more rea
sonable vertical dimensions. That pre
diction was made not much more than 
a decade ago; and yet to-day there is in 
course of construction in lower New 
York a building whose summit will reach 
heavenward for over twice three hun
dred feet. The new building, which will 
be in the form of a tower and will con
stitute part of an extension of the present 
Singer building at the corner of Liberty 
Street and Broadway, will contain 4 1  
stories and the top of its cupola will be 
6 12 feet above street level." 

"We possess as yet only pretty vague 
data as to the average duration of flashes 
of lightning. Faraday thought he could 
fix it at a second. Dufour claimed that 
the flashes of lightning were instantane
ous, and that their rapid succession gave 
the illusion of one flash of a certain dura
tion. Herr Schmidt has just been devot
ing himself to a series of observations, 
employing a disk of 10 centimeters di
ameter bearing upon a black ground a 
white cross, the arms of which were two 
millimeters across, the disk being set in 
motion by clockwork with a speed of 50 
to 60 revolutions a second. At certain 
flashes, the cross appeared a single time, 
very distinct; the duration of lightning 
was, therefore, inferior to the time of 
revolution of the disk, which would 
represent about a fiftieth of a second. In 
more numerous cases, the cross appeared 
two or three times, or even more, but 
with a decreasing luminous intensity; 
the lightning had, therefore, lasted dur
ing several revolutions of the disk." 

"It is believed by Mr. James J. Hill, 
whose life work of developing, by the 
provision of transportation, the unoccu
pied lands of the United States has pe
culiarly fitted him to speak authorita
tively on the subject, that the most 
serious economic question of the future 
will be to provide the food supply of the 
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The ring of quality 
Colorful, low-cost sidewall rings that can be quickly installed on tires are now 
contributing to the luxury-look of today's new cars. They're inexpensive, stay 
brilliant for life, wash bright in seconds, out-last tires. A product of The Bearfoot 
Sole Co., Wadsworth, Ohio, these rings are available in a variety of colors or in 
white. They're made of Enjay Butyl Rubber because no other rubber tested 
could equal its performance in severe laboratory and road tests. The Enjay 
Butyl label on the Flex-A-Wall® carton assures the buyer of outstanding quality. 

Find out for yourself the many technical advantages of Enjay Butyl-the rubber 
that is outperforming natural and other types of rubber in a wide variety of 
industrial and consumer applications. For full information, and for technical 
assistance in the use of Enjay Butyl, write, wire or phone the Enjay Company. 

@:N� Pioneer in Petrochemical, 
ENJAY COMPANY, INC., 15 West 51st Street, New York 19, N. Y. 
Other offices: Akron· Boston. Chicago. Los Angeles. Tulsa . . 

BUTYL 

Enjay Butyl is the super-durable rubber 

with outstanding resistance to aging • 

abrasion • tear • chipping • cracking • 

ozone and corona • chemicals • gases 

• heat • cold • sunlight • moisture. 
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Preliminary Concept of Con Edison's Nuclear Power Station 

engineering the atomic age . .• 

A N outstanding new example of Vitro Engineering Divi
fi sion's leadership in atomic energy is participation in 
Consolidated Edison's nuclear power station at Indian 
Point, N. Y., which has received Civilian Construction 
Permit # 1 from the A. E. C. 

Since late in 1954 Vitro Engineering has served as nuclear 
consultant to Con Edison. Now, as the project moves into 
design and construction its role has broadened: 

• Vitro has been awarded tITe contract for general design on the non· 
nuclear portion of the huge complex at Indian Point. 

• The Babcock & Wilcox CQmpany, builders of the Indian Point reactor, 
has awarded Vitro a contract for architect·engineer services on the 
reactor building. 

Vitro Engineering leadership in nuclear engineering is also 
shown by: 

• Its selection as architect·engineer for Lockheed Aircraft Corporation's 
atomic aircraft research center at Dawsonville, Ga. 

• Provision of conceptual design for two new types of research reactors 
for the Army Corps of Engineers at Fort Belvoir, Va. 

• Preliminary design of heavy water plant for the Government of In-dia. 

The selection of Vitro to handle these key projects, and 
others, reflects solid performance in modern nuclear en
gineering design. 

Write for detailed information to VITRO ENGINEERING DIVISION 

� Research, development, weapons systems 

$ Nuclear and process engineering, deSign 

A Refinery engineering, design, construction 

'X' Uranium mining, milling, and processing 

CORPORATION of AMERICA 
261 Madison Ave., New York 16, N.Y. 

@ Ceramic colors, pigments, and chemicals 

C':l Recovery of rare metals and fine chemicals 

� Thorium, rare earths, and heavy minerals .l1' Aircraft components and ordnance system:> 

200,000,000 people who will be seek
ing homes and work in the United States 
by the time the present century has run 
half its course. Mr. Hill considers that 
agriculture, in the most intelligent and 
comprehensive meaning of the term, is 
something almost unknown in the 
United States. The methods by which 
the yield of the soil could be increased 
are three, and they are well known 
though little practiced. First is the rota
tion of crops, which is so little followed 
that the majority of our farmers have 
been raising, year after year, the same 
crops on the same land, until the soil is 
all but exhausted. The second method of 
increasing the yield is the liberal use of 
fertilizing material, and the third and 
most interesting of all is better tillage. 
The present tendency to regard manu
facture and trade as the only forms of 
progressive activity, and the false notion 
that riches can be built upon these at 
the sacrifice of the fundamental form of 
wealth production, must give way to a 
recognition of the fact, once so well un
derstood, that the soil is the foundation 
of all wealth and prosperity." 

"It is nearly fifty years since the doc
trine of natural selection was first pub
lished but until very recently no advance 
had been made over the work of Dar
win. Hugo De Vries, the Dutch botanist, 
has now developed the doctrine that 
new species find their origin in sports, 
or 'mutants,' and that evolution, instead 
of being a gradual development due to 
the accumulation of minute variations, 
is rather a series of jumps, or abrupt 
changes from parent to child. According 
to this theory of mutation, natural se
lection still plays a part in determining 
the fitness of the individual to survive 
and perpetuate itself, but it does not 
necessarily imply the destruction of the 
parent type, as does Darwin's theory of 
evolution by natural selection." 

SEPTEMBER, 1856: "At the meeting 
of the British Association for the Ad
vancement of Science, held in Chelten
ham, Eng., last month, Henry Bessemer, 
of London, read a paper on a new 
method of making malleable iron from 
pig iron, which deserves the attention 
of our iron manufacturers, as the process 
is very original, is stated to be perfectly 
successful, and destined to revolutionize 
the processes of manufacturing malle-
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N IIVV' BENDIX-FRIEZ 
DESIGNER'S THERMISTOR KIT 
I 

52 

12 Individually Packaged Rod-Type Elements, 
25 to 1,000,000 ohms range 

Here's a real time-saver for the busy designer from Bendix-Friez.* 
This new Rod-Type Thermistor Kit contains twelve standard 

elements for applications in sensing, controlling and indicating 
devices. Handy compartment case keeps thermistors separate and 

ready for quick use. Indexed boxes save time, 
assist in specifying and ordering. 

These twelve thermistor elements range in resistance from 
25 ohms to 1,000,000 ohms. Kit comes complete with 

specifications, covering dimensions, voltage-current character
istics and temperature resistance relationships. An up-to-date list 

of references are cataloged for your convenience according to 
thermistor applications. Mass quantities available for any 

or all of these 12 different thermistors. 

Order your kit now. Or write for 
complete information. 

FRIEl INSTRUMENT DIVISION 
8ENDIX AVIATION CORPORATION 

BALTIMORE ... MD. 

Export Sales and Service: 
Bendix lnternational Division 

205 E. "2nd 51 .• N. Y. 17. N. Y4 U. S. A. 

'Reg. U. S. Pal. Off. 

r--------------------, 
Bendix-Friez 

1422 Taylor Avenue 

Baltimore 4. Maryland 

Gentlemen: 

Enclosed is my check for $ ........ _ ..•................... (odd .50 per 

kit for packing and shipping chorges). Please send ............... . 
No. 100 Designe,', Thermistor Kits. C.O.O.'s accepted. 

Name _ _ _ _________________________________ _ 

Street ____________________________________ _ 

City ------ ----------- ---- _State_ - - - -- ------ . J L ___________________ _ 

able iron and steel. The idea occurred to 
him that if molten pig iron at a glowing 
heat were run into a chamber and a blast 
driven through it, the 5 per cent of car
bon in it would unite with the oxygen 
of the blast, producing intense combus
tion, because carbon cannot exist at a 
white heat in contact with oxygen. He 
then put up a cylindrical vessel three 
feet in diameter and five feet high, like 
an ordinary cupola furnace, the interior 
of which he lined with fire brick. At 
about two inches from the bottom are 
inserted five tuyere pipes, having noz
zles of fire clay. A blast of air of a pres
sure of eight pounds to the square inch is 
let into this cylinder a few minutes be
fore the crude iron is allowed to flow 
into it from the blast furnace. The molten 
crude iron is then let in by its tap, and it 
soon begins to boil and toss about with 
great violence. Flames and bright sparks 
then begin to issue from the vessel's top; 
the oxygen of the air from the blower 
combines with the carbon in the metal, 
evolving a most intense heat producing 
carbonic acid gas, which escapes. By 
this simple process the heat generated is 
stated to be so intense that all slag is 
thrown out in large foaming masses, and 
all the sulphur is driven off, together 
with deteriorating earthy bases, so that 
the metal is completely refined-more 
pure than any puddled iron. It is also 
stated that one workman can convert 
five tons of crude pig into malleable iron 
in about 30 minutes by this process. Its 
advantages are painted in such dazzling 
colors that we are afraid to rely upon 
them implicitly. If they are such as Mr. 
Bessemer has described, a new era in 
the manufacture has dawned upon the 
world, and malleable iron will soon be 
reduced to a price but little above com
mon pig." 

"Five Englishmen have, according to 
the London Times, recently made thc 
ascent of Mount Arrarat, in Armenia, 
which tradition points out as the place 
where Noah's Ark rested after the Flood. 
It is 17,323 feet above the level of the 
sea. It is stated that they reached the 
very summit, which never had been as
cended by any person before." 

"In all our Atlantic cities and villages 
where wood and anthracite coal are used 
for fuel, no smoke fills the atmosphere, 
and the houses have that clean and 
fresh appearance which excites the sur
prise of persons arriving here from Eng
land, where bituminous coal is employed 
for fuel. In various parts of our country, 
however, bituminous coal is. now used 
for fuel, and it will yet become the great 
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FOR COMPLETE INFORMATION 

write for the new Varian klystron catalog ... 

address Applications Engineering Dept. J-7 

Lesson from a bee ... 

The cell structure of a honeycomb inspired this 
ingenious klystron grid-making technique. Pioneered and 
perfected by Varian as a mass production process 
performed chiefly under microscopes, it consists of 
forming a bundle of fine copper-plated aluminum wires 
into a solid, honeycomb-like structure ... then 
etching out the aluminum. 

The end product is a pure copper grid having 
extremely low microphonics, high power handling capacity 
and great rigidity ... essential requirements for 
airborne klystrons. 

' 

Of all known methods, this has proven the only 
one that assures

' 
optimum grid performance and 

reliability under conditions of extreme shock and 
vibration. Painstaking techniques like this typify Varian's 
manufacture of more than 60 different klystrons for 
every application. 

THE .VARIAN associates 
MARK OF 

LEADERSHIP 
PAL 0 A L TO, CAL I FOR N I A 

Representatives in all principal cities 

KLYSTRONS, TRAVELING WAVE TUBES, BACKWARD WAVE OSCILLATORS, LINEAR A CCELERATORS, M ICROWAVE SYST E M  COM PONENTS, 

R. F. SPECTROMETERS, MAGNETS, MAGNETOMETERS, STALOS, POWER AMPLIFIERS, GRAPHIC RECORDERS, RESEARCH AND DEVELOPMENT SERVICES 
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REACTOR FUEL ... 

from research to packaged power 

A tomic energy promises to solve age
old fuel supply problems in overseas 
countries. Consequently, the "Atoms 
for Peace" program is a doorway to 
the world for manufacturers and 
operators of research and power 
reactors. 

In any reactor, the efficient utili
zation of nuclear fuel depends greatly 
upon the design and construction of 
the fuel element. Shape, size, me
chanical structure and degree of en
richment all play a part in extracting 
maximum energy with minimum fuel 
cost. Finally, the reprocessing of used 
fuel elements requires expert knowl
edge and specialized equipment. 

With almost a decade of successful 
experience in solving advanced tech
nical problems in atomic energy, 
Sylvania has long been a leader in 
the processing and development of 
fuel elements and assemblies and is 

pioneering in studying the commercial 
feasibility of fuel reprocessing. 

The Sylvania fuel element illus
trated above is of the MTR design. 
Performance of MTR elements has 
been well established. A modification 
of this element will find international 
use in fueling research and test re
actors built under the U.S. "Atoms 
for Peace" program. 

Whether your reactor plans are 
immediate or for the future . . .  for 
power or research .. . international 
or domestic • • .  our scientific and 
engineering staff will gladly discuss 
your problems with you. For your 
files, write for: "Sylvania Atomic 
Fuels and Reactor Components." 

SYLVANIA ELECTRIC PRODUCTS INC. 
Atomic Energy Division, P. O. Box 59 

Dept. J57V, Bayside, New Yor.k . 
In Canada: Sylvania Electric (Canada) Ltd. 

Shell Tower Building, Montreal 
Sylvania International Corporation 

14 Bahnhofstrasse, Coire, Switzerland 

�SYLVANIA 
ATOMIC ENERGY DIVISION 

LIGHTING . RADIO . ELECTRONICS . TELEVISION . ATOMIC ENERGY 
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fuel for manufacturing and domestic 
purposes, owing to the magnitude of our 
bituminous coal fields, in comparison 
with which the anthracite beds are mere 
specks. The reason why wood emits but 
little smoke is that it contains within it
self a great amount of oxygen, to pro
duce perfect combustion.-The reason 
why anthracite coal emits no smoke is 
that it contains no hydrogen, as bitu
minous coal does; it is mostly composed 
of carbon, which is not volatile, and only 
becomes so when it unites with its com
bining proportions of oxygen (C. 0.2) 
in perfect combustion, producing car
bonic acid gas. Bituminous coal is a 
hydro-carbon, that is, it contains hydro
gen, a very volatile gas, which at a com
paratively moderate heat escapes, and 
lifts up some of the carbon with it, thus 
producing carbonic oxyd (smoke). The 
addition of more oxygen to it at a high 
heat will produce perfect combustion, 
prevent smoke and increase the quantity 
of heat. The prevention of smoke, there
fore, not only involves the removal of 
a disagreeable evil, but the saving of 
fuel also." 

"At one time ozone in the atmosphere 
was suggested as being the cause of 
cholera, and lately it has been suggested 
as the cause of yellow fever. This sub
ject was brought up at the late meeting 
of the Scientific Association at Albany. 
An inquiry was made whether ozone had 
been detected in the atmosphere of Nor
folk while the yellow fever prevailed last 
year, also whether it had been observed 
in any place during the prevalence of 
cholera. No proof of its special presence 
in connection with cholera or yellow 
fever was presented. No doubt the state 
of the atmosphere is the cause of many 
diseases-it becomes poisonous to some 
constitutions under certain circumstanc
es; but how refined must be the analysis 
to detect what that poison is in the at
mosphere. No chemist has yet been able 
to detect what is called malarian pOison." 

"The British Scientific Association 
has for the past fifteen years been in
stituting inquiries and making experi
ments, through a committee of its mem
bers, with various kinds of seeds of va
rious ages. Their labors tend to show 
that none of the seeds which were tested, 
although placed in the most favorable 
circumstances that could be devised, 
vegetated after the age of 49 years; and 
only 20 out of 288 species did so after 
20 years, while by far the largest num
ber lost their germinating power in 10 
years." 
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Chinese·food fancier's delight: La Choy chop suey and golden·brown noodles! 

Here's where Dowtherm really pays off for La Choy 
UNIFORM TEMPERATURE WITH 
DOW HEATING MEDIUM ENDS 

DIRECJ-FIRE PROBLEMS 

Uniformly cooked La Choy noodles 
coming from the fryer. 

La Choy Food Products, Archbold, Ohio, 
has always thought quality control most 
important. With their previQus direct· 
fire heating system it was necessary for 
them to give close inspection to the 
noodles to maintain their high quality. 
In keeping with La Choy's policy of 
quality improvement they installed 
equipment heated with Dowtherm®. 

Now, a gas.fired vaporizer heats the 
Dowtherm, and the Dowtherm vapors 
maintain the cooking oil at precisely the 
right temperature. No pump is required 
in the condensate return line, since the 
heating equipment is located above the 
vaporizer and flow is by gravity. 

The uniform temperatures provided by 
this modern heat·transfer medium 

assure consistent quality . . .  batch after 
batch after batch. Not one can in a 
thousand is rejected. And equally im· 
portan t - thanks to Dowtherm - every 
La Choy noodle reaches customers per· 
fect in color and flavor! 

Operating on a closed vapor system, 
Dowtherm minimizes fire hazards; pro· 
vides temperatures to 7500 F. at pres· 
sures below 150 p.s.i. Local overheat
ing is eliminated. 

If your product requires high process 
heat, further data on Dowtherm will 
prove valuable. Perhaps we can arrange 
for you to inspect in operation a system 
which employs Dowtherm. Write THE 

DOW CHEMICAL COMPAl'I'Y, Midland, 
Michigan, Dept. D0826A. 

you can depend on DOW CHEMICALS -4 •• 
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Ho� an autoDlatic 

Cork-faced clutch plates like these-as 
many as thirteen in some automatic 
transmissions-help "shift gears" in about 
70% of the automobiles made today. 

This diagram shows the power train (less reverse gear) in 
a typical automatic transmission. The engine feeds its 
power through a fluid coupling into two sets of planetary 
gears. Each set supplies two gear ratios which together 
provide four different gear combinations. 
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Internal gear 
�--'---

Each planetary gear set includes a central "sun" gear and a carrier that 
holds several "planet" gears which mesh with an internally toothed gear. 
The drive shaft turns the sun gear. A separate driven shaft is fastened to 
the planet carrier. All gears are controlled by a system of hydraulically 
operated bands and multiple disc clutches. 
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transntlSSlon '\Vorks 

It takes a maze of gears, valves and 
clutches to simplify your daily driving 

If your car is equipped with an automatic trans
mission, you own a fine example of "automation." 
In place of old-fashioned arm and leg power, oil 
pressure operates the controls. Gears change, 
brake bands lock and unlock, clutches engage and 
disengage-all in response to changes in acceler
ator position and car speed. 

The hydraulic system that makes these things 
happen is far too complicated to put into a few 
words here-or in an engineering society meeting 
either, for that matter. But the drawings on these 
pages will show you what the key parts look like. 
Of these parts, the ones that perhaps contribute 
most toward smooth operation of the transmission 
are the friction clutches. 

It may surprise you that there still are clutches 
in your car. It surprises many people. Actually, 
the old dry clutch did go. But in its place, you 
now may have as many as thirteen smaller clutch 
plates-and the job they do is far more critical. 

Since the clutches in an automatic transmission 
must operate alongside the gears, they're always 
flooded with lubricating oil. That's why Detroit's 
engineers had their fingers crossed when they first 
tried facing these clutches with a standard Arm
strong cork facing. This material had been used 
for years. But always it had been used "dry"
that is, free from oil. 

Fingers in Detroit were soon uncrossed, how
ever, for the experimental facings worked fine. In 

fact, they clearly demonstrated a unique truth 
about cork, and that is this: Cork just naturally 
keeps a relatively large part of its original "dry" 
friction when in oil. 

This was good; and a lot of Armstrong cork be
gan going into automatic transmissions. But De
troit is constantly improving its transmissions. 
And while you might reasonably think that a cork 
facing that worked well in one car would work as 
well in a new model, it just isn't always so. Even 

. small changes in the mechanical system may keep 
the facing from engaging smoothly. That's when 
the right answers are needed-fast. 

To be ready to give such answers, the Arm
strong Research and Development Center years 
ago began continuing studies of the frictional 
effects of the many possible variations in com
pounding cork. Out of this have come many in
teresting facts that permit Armstrong to build into 
a composition almost any engagement character
istic that a clutch maker might reasonably ask for. 

Armstrong cork clutch facings are now at work in the 
automatic transmissions of 13 makes of American cars. 
If you make or design clutches for automobiles, appli
ances, machine tools, or business 

i�t�i���{�:��{�§� � I Road, Lancaster, Pennsylvania. 

@mstrong Industrial Products 
ADHESIVES 

CORK COMPOSITION 

CORK-AND-RUBBER 

FELT PAPERS 

FRICTION MATERIALS 
• . .  USED WHEREVER PERFORMANCE COUNTS 

To produce low gear, brake bands lock internal gears on both 
planetary gear sets. The turning sun gear in set #1 "walks" the 
planetary gears around, which turns planet carrier #1 more 
slowly than the sun gear. Planet carrier #1 turns sun gear #2 
where a similar action fruther reduces shaft speed. 

r777;;;;;;;;:;;;;;;;;;: __ ;;;80nd loff 

SIDE 

To produce high gear, multiple-disc clutches lock together planet 
carriers #1 and #2, and internal gears #1 and #2. Now the 
planetary gears can't "walk" around inside the internal gears. 
Both planet carriers must turn at the same speed as the sun gears. 
With all gears locked out, you have direct drive. 
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® PORTABILITY . . •  weighs less 

than 15 pounds, measures 

10" x 7Ya" x 8". 

® VERSATILITY . . .  can be used 

as recording millivoltmeter or 

-with appropriate transduc

ers - to record measurement 

of physical quantities. 

® RECTILINEAR trace represen

tation. 

® FULL CHART zero position

ing. 

® HIGH INPUT impedance and 

high allowable signal source 

impedance. 

® PANEL damping control for 

optimum stability. 

® CHART DRIVE extension for 

synchronization with other 

equipment. 

THE VARIAN G·IO GRAPHIC 
RECORDER HAS ALL THESE 
FEATURES AND MORE ••• IS 

PRICED AT $295 

WRITE TODAY FOR COMPLETE TECHNI
CAL DATA ON THIS REMARKABLE NEW 

INSTRUMENT AND ITS FULL 
ACCESSORY LINE. _ Special Producls Division 

I V A R I A N associates 
P /II. lO /II. L T 0 7, CAL I F 0 • N I /II. 

Representatives in all principal cities 
MICROWAVE TUBES -INSTRUMENTS 
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THE AUTHORS 
HAROLD P. ROBERTSON ("The 

Universe") is professor of mathematical 
physics at the California Institute of 
Technology. He was born in Hoquiam, 
Wash., and attended the University of 
Washington. After acquiring his doc
torate at Cal Tech in 1925, he studied 
for three years under a National Re
search Council fellowship in Gottingen, 
Munich and Princeton. He was a mem
ber of the Princeton University faculty 
from 1928 to 1947, when he returned to 
Cal Tech. He first became interested in 
cosmology while studying in Europe. At 
that time he found a solution of Ein
stein's gravitational equation which 
seemed to explain the recession of 
nebulae that had been noted by V. M. 
Slipher of the Lowell Observatory. In
vestigating this and other applications 
of relativity theory to astronomy occu
pied much of his attention for more than 
a decade. He revised a prerelativistic 
suggestion of J. H. Poynting: that a 
particle absorbing and re-emitting radia
tion from the sun would eventually spiral 
into the sun. Now known as the Poynt
ing-Robertson eHect (says Robertson: 
"[ didn't name it!") , this idea has proved 
important to meteor astronomy and 
cosmogony. The outbre,ak of World 
War II brought Robertson back to earth 
and classical mechanics. He joined a 
group of theoretical physicists working 
for the Office of Scientific Research and 
Development on the eHects of bombs 
and projectiles, a subject now known as 
"terminal ballistics"-"a name which we 
invented in 1940 over a few cans of 
beer." As the U. S. began to take the 
aerial oHensive in 1942, he was assigned 
to the Eighth Air Force and got into 
operations research: the quantitative 
analysis of military operations. After the 
war he returned to Princeton but was 
again attracted to Cal Tech by the 
proximity of Mount Wilson and the new 
200-inch telescope being assembled on 
Palomar Mountain. He had barely 
settled down to cosmology again when 
he was called to Washington to direct 
research for the Weapons Systems 
Evaluation Group. In 1954 he was ap
pointed to the newly created post of 
scientific adviser to General Alfred M. 
Gruenther, the Supreme Allied Com
mander in Europe. Even during this 
period he did not completely forsake 
cosmology: "I prepared on the side 
longish papers for the A.A.A.S. symposi
um in Berkeley (Christmas, 1954) and 

another for the 50-year anniversary of 
the theory of relativity held at Berne in 
July, 1955-having in between delivered 
a paper entitled "The Impact of Science 
on Military Thought, Organization and 
Operations" to the NATO Defense Col
lege. Now in the summer of 1956, "hav
ing spent fully half of the past 16 years 
on the borderline between science and 
the military, I am returning to the 
academic fold, fully resolved to get back 
into the exciting field whose general de
velopment I have attempted to portray 
in this article." 

WILLIAM A. FOWLER ("The, 
Origin of the Elements") is professor 
of physics at the California institute of 
Technology. Before he got his Ph.D. at 
Cal Tech in 1936, he had been one of the 
first men to receive a bachelor's degree 
in engineering physics at Ohio State 
University. Ever since he came to Cal 
Tech in 1933, Fowler has been asso
ciated with C. C. Lauritsen, first as a 
student and later as a physicist in the 
W. K. Kellogg Radiation Laboratory, 
which Lauritsen directs. "During World 
War II we worked .on rocket ordnance 
in Kellogg, and one of the faculty mem
bers associated with us was the astrono
mer 1. S. Bowen, who directed all pho
tographic measurements in our field
testing program at Goldstone Dry Lake 
in the Mojave Desert and later at 
Inyokern. After the war Dr. Bowen be
came director of the Mount Wilson and 
Palomar Observatories, and early in 
1946 he held a series of informal semi
nars in his home on nuclear problems in 
astrophysics and astronomy. Lauritsen 
and I and our students attended, and as 
a result of the interest that developed we 
decided to study experimentally in the 
laboratory those particular nuclear re
actions which were thought to take place 
in stars. Research along these lines has 
been a part of our laboratory program 
since that time. In 1948 Jesse L. Green
stein came to Cal Tech, and his interest 
in the abundances of the elements in 
stars has stimulated much of our work. 
Fred Hoyle and E. E. Salpeter have 
been frequent visiting lecturers at Cal 
Tech, and from them we have learned 
about the basic mechanisms by which 
nuclear processes supply energy and 
synthesize elements in stars." Fowler 
spent the 1954-1955 academic year as a 
Fulbright lecturer and Guggenheim fel
low in the Cavendish Laboratory at the 
University of Cambridge. While there 
he collaborated with the husband-and
wife team of G. R. and E. Margaret 
Burbidge in studying the synthesis of 
elements in stars. The Burbidges are 
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I�l his n ever ending quest for knowledge, man must ' 

have delicate tools for analysis and recording. 

Through constant research, the Photo Products Depart

ment of the Du Pont Company has developed papers, 
films and chemicals of high quality and dependability 
.for man's every recording need. 

There is a Du Pont photographic product for your own 
specific requirements-just tell us your needs, and· we'll 

gladly send information. Du Pont, Photo Products 
Department, Wilmington 98, Delaware. In Canada: 
Du Pont Company of Canada Limited, Toronto. 

Here are but a few of the Du Pont products designed 
especially for industrial and business applications: 

X-RAY FILMS and "Patterson" intensifying screens for 
non-destructive testing; x-ray films and chemicals for 
medical and dental radiography. 
OSCILLOGRAPHIC PAPlRS - Lino -Writ photo-recording 
pape rs with speeds for every application, and chemicals 

fOr permanent, stain-free records . 

MOTION PICTURE FILMS for scientific and plant use in

clude high-speed Type 931 and fine-grain "Superior" 2. 
There are special negative, positive and reversal films 
for industrial, television and motion picture use. 

OTHER PRODUCTS include: SHEET FILMS for industrial, 
news, graphic arts and portraiture; PRINTING PAPERS for 
photocopy, industrial and professional fields; CHEMICALS 

for quality processing of films, photographic record

ing and photocopy papers ; and PHOSPHORS. 

<[(JPOtID 
. 

BETTER THINGS FOR BETTER LIVING . • . THROUGH CHEMISTRY 
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Delbert E. Philpott. Micros. 
copist, Marine Biological 
Laboratory. 

Microscopist umuscles-in" 
on bee's flight secrets ••• 

aided by 
RCA Electron Microscope 

The flight of the bumble bee long has been under 
scrutiny-especially by aerodynamicists-but it 
took a microscopist to delve beyond the surface 
into the muscle structure. At Woods Hole, Mass., 
Delbert E. Philpott of the Marine Biological 
Laboratory has been studying muscles from bees' 
wings. He says: "The tremendous increase in 
resolving power made possible with the RCA 
Electron Microscope has allowed visual observa
tion of the structural details in muscle which were 
impossible to see by any other method. Certainly 
our knowledge of muscle has been advanced as 
much in the last decade with the RCA Electron 
Microscope as it was previously advanced with 
the light microscope. That's real progress." 

RCA Electron Microscopes have opened 
many new avenues of research in the fields 
of chemistry, metallurgy, medicine, bacteriol
ogy and biology. Magnification of the RCA 
Electron Microscopes is variable in steps from 
1400 to 30,000 diameters, with useful photo
graphic enlargements up to 300,000 diameters. 
Thus, objects whose very existence could pre
viously only be surmised have become visible 
to the naked eye. 

Why not find out how these wonderful instru
ments can be of service to you? Installation 
supervision is supplied and contract service 
by RCA Service Co mpany is available, 
if desired. 
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For 'urther information on the use of the 
RCA Eleclron Microscope, write to Dept. J-ll1, 
Building 15-1, Camden, N.J. In Canada: RCA VICTOR 
Company Limited, Monlreal. 

RADIO CORPORArlON 01 AMERICA 
CAMDEN, N.J. 

now returning the visit and continuing 
their investigations in Pasadena. 

WALTER BAADE ("The Content of 
Galaxies") is astronomer at the Mount 
Wilson and Palomar Observatories. He 
was born in Schroetinghausen, Ger
many, in 1893 and attended the uni
versities of Miinster and Giittingen, re
ceiving his Ph.D. in 1919. For 12 years 
he was on the staff of the Hamburg Ob
servatory and towards the end of that 
period was also privatdocent at the 
University of Hamburg. He came to 
Mount Wilson in 1931. 

JAN H. OORT ("The Evolution of 
Galaxies") is professor and director of 
astronomy at the University of Leiden 
in the Netherlands. He entered the Uni
versity of Groningen in 1917 to study 
physics or astronomy, "two subjects by 
which I had been fascinated during my 
high-school years. There I soon came 
under the inspiring teaching of J. C. 
Kapteyn, who was one of the great 
pioneers of galactic research. This de
termined my further scientific life. From 
the beginning I was particularly attract
ed by problems of stellar dynamics, both 
for our own galactic system and for other 
systems, but always only insofar as the 
problems were directly connected with 
observations. This included, of course, 
the study of the interstellar medium, and 
now also includes radio astronomy. 
Besides, I worked on the Crab Nebula 
and on the origin of comets. I am in
tensely interested in the unknown that 
lies before us in radio astronomy. It will 
certainly teach us a great deal more 
about the present state of the universe. 
I am hoping that it may give us some 
observational insight into the beginning 
of the universe. We may also hope to 
begin to understand the origin of the 
spiral structure of galaxies. But it is so 
often the unexpected which is the most 
important." Immediately after he had 
graduated from Groningen, Oort was 
for two years a research assistant at the 
Yale Observatory. Since 1924, except 
for a three-year interruption during the 
war, he has been at Leiden. In 1935 he 
became general secretary of the Inter
national Astronomical Union, a post he 
filled for 13 years. "This means that in
ternational cooperation has had my 
warm interest. At present we are striving 
with a number of colleagues from 
France, Sweden, Belgium, Germany 
and Great Britain to found a JOint Eu
ropean Southern Observatory." 

RUDOLPH MINKOWSKI ("Collid
ing Galaxies") is a member of the staff 

© 1956 SCIENTIFIC AMERICAN, INC



FOR. YOUR. IN"FORl\.II:.A.TION" 

� urethane foam 
� missile propellant 
.. "dyestuffs" magazine 

This newsletter is designed to bring 
you information about unique appli
cations of current chemicals. To offer 
advance knowledge on a variety of 
chemical developments. To preview 
chemicals with as yet undiscovered 
applications. In short, it's for your in
formation. 

o o o 

URETHANE FOAM 

In the hot, vital journal boxes which 
protect the axles of railroad trains, 'waste 
rags are used as a wick between the oil 
reservoir and the journal bearing itself. 
Waste is not the most efficient journal 
packing-it sometimes snags, and there 
is 110 consistency in its packing in the 
journal box. In the search for new ma
terials, railroads are looking closely at 
urethane foam. It is very durable, it 
won't become snarled, and it is an effi
cient, predictable oil wick. 

This is admittedly an unconventional 
use of urethane foam, but urethane based 
on isocyanates is an unusually adaptable 
material, and its service as journal pack
ing merely serves to further demonstrate 
its mushrooming capabilities. 

The properties of urethane are awe
somely impressive. By varying the 
chemical formula, you can produce a 
foam that is rigid enough to jump on, 
soft enough to lie on, or flexible enough 
to stretch 700% of its length. It can be 
made porous enough to absorb 20 times 
its weight in liquid, tough enough to 
withstand pressure of more than 150 
pounds per square inch. 

Its heat resistance is on the order of 
300° F., and urethane foams can actually 
be sterilized. On the other temperature 
extreme, it remains flexible all the way 
down to -30°F. Chemically, it is vir
tually inert, and is attacked only by 
strong acid and alkali. 

'We say these properties are impres
sive. They bring within definite range 
such science fiction matter as the 100,
ODD-mile tire, shoe soles and heels that 
last 10 times longer than usual, paint 
that resists hobnailed boots, adhesives 
that will stick almost anything together, 
warm winter clothing that is light as a 
feather. 

The important thing that you ought 
to remember about urethane is that it is 
versatile. Because of its variable pore 
structure, properties can easily be built 
into it for special purposes. From a 
large-cell sponge to a closed-cell foam, 
rigid or flexible foams, pre-formed foams 
or foams that are foamed-in-place. Ure-

thane foams can be scrubbed with soap 
and water or dry cleaned, they can be 
sewn together or sewn to other ma
terials, they can be painted or silk 
screened, they can be covered with 
fabric or left uncovered. 

From these properties have come 
many ideas which have been put into 
concrete form and which you are already 
encountering. Crash panels on auto
mobiles, expected to become standard 
equipment by 1958. Cushioning in furni
ture, automobile seats, aircraft seats. 
Carpet underlays. Interlining for coats. 
Many household items. 

In several industries, urethane is be
ing foamed in place. Airplane manufac
turers use it to fill cavities in wings, 
ailerons and rudders, to increase the 
rigidity of control surfaces. Builders use 
it as a multi-purpose building material in 
walls, to insulate and sound-proof at 
the same time. Builders are also at
tracted by its resistance to mold, mil
dew and fire. 

The chemistry that makes this possi
ble is not very elaborate. Isocyanates 
are combined with polyester resins and 
water. Carbon dioxide is released, caus
ing the chemical mixture to expand like 
a cake-some 30 to 40 times its original 
volume. Minor variations in catalysts 
and dispersing agents make possible the 
many variations already discussed. 

National Aniline does not make ure
thane foams. We do make NACCONATE* 
isocyanates, and our Technical Service 
Department would be happy to advise 
you how to make and use urethane 
foams. 'trade mark 

Barrett 
General Chemical 
Mulual Chemical 

DIVISIONS: Nal�nal Aniline 
Nnoogen 
Semel·Solvay 
So�ay Process 
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MISSILE PROPELLANT 

Recent meetings of the American Rocket 
Society have demonstrated increasing 
interest.in ethylene oxide (C2H40) as a 
liquid propellant system for missiles. 

Ethylene oxide is a well-known chem
ical, and many of its properties are 
favorable for missile propulsion. One of 
its distinguishing characteristics in the 
rocket field is that, unlike most liquid 
systems, it can be used as a monopro
pellant or a bipropellant. When used as 
a monopropellant, no delicate mixing 
system is necessary between fuel and 
oxidizer, for there is no oxidizer. 

A colorless gas, ethylene oxide con
denses into a clear, colorless, mobile 
liquid at 10.7°e. and one atmosphere 
pressure. Its tendency to polymerize in
creases rapidly when the temperature 
goes above 30°e., and it decomposes with 
explosive violence when the temperature 
reaches 571°e. It is this powerful force 
in the reaction chamber which releases 
the hot gases to drive the rocket. It is an 
effective force because ethylene oxide's 
low heat of formation makes it a very 
high energy compound. 

Other attributes of ethylene oxide 
also qualify it as a suitable missile pro
pellan t. I ts handling characteristics are 
well established for safety. Its low freez
ing point of -111.3°e. prevents it from 
freezing in storage or in usage. Its mod
erate vapor pressure permits it to be 
used in light-walled containers. It is 
generally non-corrosive, absorbs me
chanical shock well, and exhausts non
luminous products. 

A key point is the availability of ethy
lene oxide. It is supplied as a liquid 
under very moderate pressure, usually 
50 psig for storage. More technical data 
are available upon request. 

"DYESTUFFS" 

The quarterly house organ published 
since 1898 by the National Aniline Divi
sion of Allied Chemical is one of the 
oldest magazines of its type in the 
country. 

Color for just about every application 
you can think of-foods, plastics, paper, 
leather, textiles-is just one of the top
ics discussed in issues of "Dyestuffs." 
Recent issues have also explored such 
subjects as isocyanates for urethane 
foam. antioxidents for paint, and chem
ical intermediates. 

We would be happy to send you a 
copy of the latest issue of "Dyestuffs" 
or any of the technical data described 
above. Write INFORMATION SERVICE, AL
LillD CHEMICAL, 61 BROADWAY, NEW YORK 
6, N. Y. 
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KENTANIUM* 
unharmed 

at 2000°F 
while 

-----------t 
heat - resistant 

nickel-chrome 

alloy 

disintegrates 

Exceptional resistance to oxidation, com
bined with great strength at very high 
temperatures, are characteristics of Ken
tanium, a titanium carbide composition. 
Here's proof. 

A square of K161B Kentanium and a 
similar square of a well-known, heat
resistant 35 chromium-15 nickel alloy 
were exposed for 120 hours in an unsealed 
muffie furnace heated to 2000°F. The 
accompanying photographs vividly show 
how each piece was affected. While Ken
tanium is still good for hours of exposure 
at high temperatures, the nickel-chrome 
alloy has oxidized badly and has begun 
to disintegrate. 

This demonstration suggests how well 
Kentanium will perform in such applica
tions as furnace parts, heat-treating fix
tures, quench guide rings, turbine blades, 
nozzle vanes, bushings and other parts 
where strength at high temperature, plus 
high resistance to oxidation, are factors. 

Parts illustrated at the right are typical 
applications of Kentanium. The Kenta
nium series represents only a part of 
Kennametal's wide range of hard carbide 
compositions that are helping designers 
who require metals offering high resistance 
to abrasion, deflection, deformation, im
pact or corrosion. Perhaps one or more of 
these Kennametal compositions will help 
you get your idea off the drawing board 
into production. These materials are de
scribed and many applications discussed in 
two booklets: B-111-A-"Characteristics 
of Kennametal," and B-222-"Designing 
with Kennametal." 

Write KENNAMETAL INC., Dept. SA, 
Latrobe, Pennsylvania. 

-Registered Trademark 
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(Photo A) Kentanium shows only slight oxida
tion after test and is good for many more 
hours' exposure at 2000oF. (Photo 8) Hard 
nickel-chromium (35%) alloy is badly oxidized 
and began to disintegrate during test. 

of the Mount Wilson and Palomar Ob
servatories and a research associate at 
the California Institute of Technology. 
He was born in Strasbourg and studied 
physics at the University of Breslau. 
After receiving his doctorate, he joined 
the faculty of the University of Ham
burg in 1922. There his scientific inter
est, always rather close to astronomical 
problems, moved more and more into 
astronomy, and he concentrated on in
vestigating the intensities and widths of 
spectral lines, particularly of the light 
emitted by nebulae. He went from Ger
many to Pasadena in 1935. There his 
work has been devoted mainly to super
novae, planetary nebulae and more re
cently to radio sources in the sky. 

GEORGE GAMOW ("The Evolu
tionary Universe") has just accepted an 
appointment as professor of physics at 
the University of Colorado. Before that 
he was professor of theoretical physics 
at the George Washington UniverSity. 
His wide-ranging interests have led him 
into many fields, some as notably un
familiar to most physicists as his studies 
of the transfer of genetic information by 
nucleic acid. A quixotic streak, which 
has enlivened his many popular books 
and articles, sometimes extends to his 
most serious scientific publications. On 
one occasion when he and Ralph A. 
Alpher were preparing a paper, they in
vited Hans Bethe of Cornell University 
to collaborate with them. The paper, 
which happened to concern the begin
ning of the universe, was therefore most 
appropriately authored by Alpher, Bethe 
and Gamow. He was born in Odessa and 
educated at the University of Lenin
grad. Before settling in the U. S. in 1934, 
he taught and did research at the uni
versities of Gottingen, Copenhagen and 
Cambridge. He has worked in many 
fields: biology at the molecular level, the 
theory of radioactivity, the structure of 
the atomic nucleus, thermonuclear reac
tions in stars, the origin of the chemical 
elements and, of course, the evolution of 
the universe. 

FRED HOYLE ("The Steady-State 
Universe") is lecturer in mathematics at 
St. John's College, University of Cam
bridge. He was born in Yorkshire in 
1914; by the time he was six, he had 
taught himself the multiplication tables 
up to 12 times 12. Not all of his early 
experience with mathematics was so 
prodigious. One of his first teachers 
slapped him for miscounting the num
ber of petals on a flower; his sense of 
justice was so outraged that he refused 
to return to the school. When he was 13 
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Now on the USS Saratoga 
Unibestos insulation 

On the powerful Forrestal ... on the sleek atomic 
subs, the Nautilus and Seawolj . . •  now on the 
mightiest USS Saratoga, Unibestos pipe insula
tion guards against heat loss. 

Nowhere else is dependable insulation needed 
more than on these ships of nuclear power and 
electronic control. Compactness, durability, 
thermal efficiency-all are important require
ments. And Unibestos answers all three of these 
vital needs: single-layer construction for un
matched ease of  i nstallation • • .  long lasting 
strength to withstand shock and vibration ... 
positive heat seals at the innumerable hard-to
insulate joints and fittings. 

By providing these unique standards of insu-

protects key pipelines 

lating efficiency, Unibestos makes its contribu
tion to t h e  i m p ort ant N avy development 
program. In addition to the marine field, single

layer Unibestos is fast becoming the preferred 
pipe insulation for more and more power plants, 
refineries, chemical plants and other modern 
industrial projects. 

Unibestos® pipe insulation is available in 
sectional form through 441/ 0.0. 

Just Outl- the new Unibestos Handbook. 

Complete, compact, detailed, informative. 

Write for your copy on your company letter

head. 

This new 40-page book serves as an impor

tant reference guide for selecting and specify

ing pipe insulation for every application. 

UNI O N  A SBE STO S & RUBBE R COMPANY 

1111 West Perry Street • Bloomington, Illinois 
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Armour Research Foundation 

HELPING INDUSTRY 
FACE AN ATOMIC FUTURE 
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When the first nuclear reactor built for private industrial research 
started operating at Armour Research Foundation some weeks ago, 
an important milestone in industrial progress was passed. Projects 
now being studied include food and drug sterilization, radiation effects 
on plastics, chemicals and organic systems, neutron diffraction 
and activation. 

As the only maker of radioactivity measuring instruments among the 
twenty-four private companies cooperating in the financing and research 
exploitation of this reactor, Nuclear Instrument and Chemical Corpora
tion is highly confident that this research program will help pro
vide an improved answer to many prob
lems now facing industry. 

For more than 10 years the leading 
maker of radiation detection and meas
uring equipment, we feel certain that 
our participation in the Armour program 
will be an important help in keeping our 
instruments ahead of the increasing 
requirements of industry in this field. 

NUCLEAR INSTRUMENT AND CHEMICAL CORPORATION 

247 West Erie Street, Chicago 10, Illinois 

LEADERS IN MAKING RADIOACTIVITY COUNT 

his parents bought him a three-inch tele
scope and allowed him to sit up all night 
with it. In 1939 he won a prize fellow
ship at St. John's. The next year he 
joined an Admiralty research group, but 
continued to devote much of his spare 
time to aSh·onomy. After the war he re
turned to Cambridge. 

ALLAN R. SANDAGE ("The Red
Shift") is assistant astronomer at the 
Mount Wilson and Palomar Observato
ries. He attended Miami University in 
Ohio, transferred "by the grace of Un
cle Sam" to the Navy in 1945 and com
pleted his undergraduate work at the 
University of Illinois in 1948. He ac
quired his doctorate in astronomy at the 
California Institute of Technology in 
1953, having meanwhile joined the staff 
of Mount Wilson and Palomar. Few as
tronomers have set out on their profes
sional careers so early in life. "As I recall, 
it was Buck Rogers in the 25th Century 
that steered me into astronomy at the 
unknowing age of 10. This unfortunate 
interest (from our neighbors' point of 
view) took the form of dragging a tele
scope, tables and other observing para
phernalia into our back yard at three 
in the morning to look at meteor show
ers and the like. For some reason the 
neighbors failed to understand the im
portance of such operations, and I failed 
to understand their need for sleep. To
day, 20 years later, I sit sleepily at work 
on Palomar Mountain and wonder how 
young boys of 10 can take sleep so casu
ally. From two to four A.M. all profes
sional astronomers are sleepy. If ques
tioned in this interval, most of them 
would express serious doubt as to wheth
er astronomy was worth it all. (The 
doubts always disappear in the morn
ing.) From 1951 to 1953 I was an assist
ant to the late Edwin P. Hubble. His 
principal interest was observational cos
mology, and a bit of his enthusiasm 
rubbed off on all who knew him. The as
sociations with Hubble, Milton L. Hu
mason and Walter Baade have been the 
high points in my scientific career. At 
present my chief interest is in a slightly 
different field: that of the observational 
approach to stellar evolution. This is not 
so far afield from cosmnlogy as might be 
supposed, since each discipline is an at
tempt to rewrite parts of the first book 
of Genesis. My principal outside activi
ties are long back-pack trips in the Cali
fornia Sierra, fishing in both fresh water 
and surf, and a recently developed pas
sion for horseback riding." 

JERZY NEYMAN and ELIZABETH 
L. SCOTT ("The Distribution of Galax-
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ORDINARY LIGHT MICROGRAPH (100 diameters) 
of aluminum-tin alloy shows only surface scratches and 
tin that occupies the grain boundaries of the aluminum_ 

G-E X-RAY MICROGRAPH of the same sample with 
same enlargement clearly reveals the complete grain out
line of the alloy_ Exposure time: ten minutes_ 

New G-E X-RAY MICROSCOPE 
opens exciting new fields of research 

H ERE'S a versatile laboratory instrument for metallurgy 
___ organic and inorganic chemistry ___ medical and 

biological research. It's General Electric's new x-ray micro
scope that reveals and magnifies structures invisible under 
conventional microscopes. 

From the time of Roentgen, experimenters have sought to 
utilize x-rays for this purpose. Designed and engineered at 
last, this G-E development magnifies the entire area under 
observation . . . all in focus. The image can be viewed on a 
fluorescent screen ... photographed directly on Polaroid film 
for survey ... recorded on conventional film or plates ... or pre
sented in three dimensions-each with highest magnification. 

In addition, the x-ray microscope saves time in the labora
tory. Specimens do not have to be placed in a vacuum 
chamber. The entire structure can be seen at once - no need 
for serial sections as in conventional microscopy. 

For an analysis of the x-ray microscope's potential in your 
program, see your G-E x-ray representative. Or write X-Ray 
Department, General Electric Company, Milwaukee 1, Wis
consin, for Pub. TT-94. 

1hJgress Is OU!' Mos!- /mporl41nf Protlv�f 

GENERAL. ELECTRIC 
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VERSATILITY 
in Resins. 

• BONDING ... OR COATING 

Wood particles are 
bonded into durable board 

and molded products 
with Durez resins. 

In electronics, resins in 
dip compounds form 
tOugh, dust-proof, 

heat-resistant coarings. 

• HOT ... OR COLD 

Braking generates heat, 
bur the resin bond in 

linings prevents 
"fading", adds wear. 

In refrigerator insulation, 
a protective bond of resin 

safeguards batts from moisture. 

• RESIL IENT ... OR HARD 

%Q 

Resins are used widely in 
rubber stOcks and adhesives 

to add reinforcement and 
wearing qualities. 

... and for exceptionalJy 
high shock resistance, 
molding materials are 

bonded with Durez resin. 

... do these 
suggest benefits 

for your 
business? 

These examples suggest only a few of the many 
ways in which business is profiting from the 
characteristics of Durez phenolic resins. Their 
qualities of insulation, toughness, and resistance 
to extremes of temperature and humidity, and 
to attack by many acids and mild alkalies hold 
wide promise for investigation into profitable 
new uses. If your product or processes call for 
impregnants, bonds, coatings, or reinforcing 
agents, we may be able to help you. Our experi
ence as leaders in the development and produc
tion of phenolics is at your service. 
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Phenolic Plastics that fit the job 

DUREZ PLASTICS DIVISION 
HOOKER ELECTROCHEMICAL COMPANY 
809 Walck Road, North Tonawanda, N. Y. 

HOOKER � 
CHEMICALS � 

PLASTICS 

ies") are members of the Statistical Lab
oratory at the University of California. 
Neyman is professor and director of the 
laboratory; Miss Scott is assistant pro
fessor. Neyman was born in Bendery, 
Rumania; he was trained in mathematics 
and statistics at the universities of 
Kharkov, Warsaw, London and Paris. 
He came to the University of California 
in 1938, a year before Miss Scott, a na
tive of Oklahoma, got her bachelor's de
gree there. How do statisticians get im
mersed in astronomy? Neyman explains: 
"For me personally cosmological prob
lems are a relatively novel Reid. Up to 
1950 I certainly did not think about 
them at all. By then C. D. Shane of the 
Lick Observatory had already com
pleted a substantial amount of his survey 
of the sky and was struck by certain 
regularities in the general chaos of the 
distribution of images of galaxies on his 
plates. He paid us frequent visits in the 
Statistical Laboratory and discussed 
with us a number of problems in which 
he appeared to be intensely interested. 
Some of these problems were familiar to 
Miss Scott because she was originally an 
astronomer. Shane's enthusiasm was 
pretty soon matched by that of Miss 
Scott and, in due course, I also became 
fascinated. Particularly, I was attracted 
by a seeming simplicity of the chance 
mechanisms of the distribution of galax
ies in space, combined with considerable 
mathematical difficulties involved in the 
actual development of a theory of dis
tribution. Thus far there is no reasonably 
precise theory (and here I mean a 
mathematical theory) of the distribu
tion of light-absorbing clouds in our 
own galaxy that could be incorporated 
into the general theory of the cluster
ing of galactic images on photographic 
plates." 

MARTIN RYLE ("Radio Galaxies") 
is a research fellow of Trinity College in 
the University of Cambridge. After 
graduating from the University of Ox
ford on the eve of World War II, he 
plunged into radar research and devel
opment for the Royal Air Force. In 1945 
he received an appointment to the Cav
endish Laboratory at Cambridge and 
there, with D. D. Vonberg, initiated ra
dio observations of the sun. "You will 
see that I came to radio astronomy from 
a training in physics, via a period of in
tensive work in radio and radar engi
neering. Part of the latter was concerned 
with problems of aerial design, which 
experience has of course stood me in 
good stead in radio-telescope design. 
Although my direct approach has been 
by way of radio engineering, astronomy 
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100% signal recovery of sine wov8\ I<a.� of' 
with Hoffman Incrementol Suppressor cut in. 

HOW 1'0 GIVE NOISE I'HE SI'ENI' I'REAI'MENI' 
SITUATION: A submarine surfaced somewhere in iceberg country, attempting 

to establish communications with distant base. 

PROBLEM: Interference, or "noise:' critically garbles message reception. Radio 

operator cannot hear message above interfe·rence. 

SOLUTION: Operator switches on Hoffman Incremental Interference Sup

pressor, an exclusive feature of Hoffman Communications Receivers. Atmos

pheric noise is silenced-vital message comes through loud and clear. 

This significant achievement in the 

science of communications has under

gone extensive field tests under rugged 

service conditions. Tests demonstrate 

that in CW, FSK and AM communica

tions, Hoffman-developed noise limiting 

techniques can give 100% message re

covery from a signal containing atmos

pheric static 80 decibels greater than the 

carrier. Interference caused by static, 

corona discharge, lightning and most 

man-made noise is reduced to a mini

mum. Result: clear, reliable radio-com

munications under extremely adverse 

operating conditions. The imaginative 

engineering teamwork and skill that pio

neered in the reduction of noise in radio 

communications is ready to tackle your 

communications problems too - from 

basic research through final production. 

Hoffman Laboratories is engaged in t"ese 
many ot"er associated fields of .I.ctronics: 
Airborne Radar and Navigational Equipment 
... Missile Guidance and Control Systems ... 
Electronic Countermeasures ... Advanced Com
munications Techniques in the VLF, HF, VHF 
and UHF regions ... High Speed Search and 
Electronically Tuned Receivers. 

This creates a constant need for engineers 
and physicists of highest calibre. Professional 
sta ture in mechanical engineering, electrical or 
electronics engineering or physics is required. 

Write Vice President of Engineering: 

A subsidiary of Hoffman Electronics Corporation 
3761 SOUTH HILL STREET, LOS ANGELES 7, CALIfORNIA 
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How to be in several places 
at the same time • • • 

[IN Observer 
TV CAMERA model TVC-I 

" 

for closed circuit application /--t 
, ,�;' 

-+' 
,/ 

,.,-,,' 

�-... 
"'\',.-� 

The Observer 
is a low-cost electronic camera. 
Whatever it 'sees' - however dis
tant, dangerous or inaccessible
can be transmitted by wire to any 
remote point or points where it can 
be viewed on an ordinary TV re
ceiver - in comfort and in safety. 

Several Observer cameras may 
be used with a Single receiver from 
one view to another, at will. Simi
larly, several receivers may be 
located at different points to oper
ate from one camera. In fact, an 

entire network of cameras and re
ceivers can be planned to proVide 
a complete visual communications 
system. 

The B-T Observer has virtually 
unlimited application. Industry, 
science, education, business man
agement - are but a few of the 
fields in which wired television has 
already proved its time- and 
money-saving potential. Any qual
ified TV Service-Technician can 
install the equipment. Operation 
is as simple as using a home TV 
receiver. 

You may avail yourself of the facilities of 
Blonder-Tongue to assist you in surveying and planning a 

B-T Observer system for your organization. 

[111) For complete details, write Dept. QJ·6 

BLONDER-TONGUE LABS., INC. Westfield, New Jersey 
In Canada: Telequipment, London, Ontario 

The largest manufacturer of TV Signal Amplifiers, UHF Converters and Master TV Distribution Systems. 
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was an early interest." Since 1952 Ryle 
has been a fellow of the Royal Society. 

HERBERT DINGLE ("Cosmology 
and Science") is professor of the history 
and philosophy of science at University 
College, London. He was horn in 1890 
and completed his education at the Im
perial College of Science and Technolo
gy. "I began my scientific career under 
the late Professor A. Fowler at a time 
when his spectroscopic work was essen
tial to the progress of the new Bohr 
theory of the atom. I was thus admitted 
to the actual scene of development of the 
quantum theory. At about the same time 
Einstein's general relativity theory came 
to the fore through the 1918 eclipse, and 
I had the privilege of working with A. N. 
Whitehead, who read the manuscript of 
my first book on the subject; and being 
in close touch with A. S. Eddington at 
the Royal Astronomical Society, so that 
I was at close quarters \vith two different 
and important views of the philosophical 
aspects of the theory. Add to this a natu
ral taste for the broader aspects of scien
tific philosophy, and my type of career 
is pretty well determined." Aside from 
his notable contributions as an inter
preter of modern physics, Dingle has 
been a leading figure in British astrono
my. From 1951 to 1953 he was president 
of the Royal Astronomical Society. 

E. U. CONDON, who in this issue 
reviews the collected proceedings of the 
atoms-for-peace conference held last 
summer in Geneva, was born in Alamo
gordo, N. M., near the site of the first 
nuclear explosion. He attended the Uni
versity of California, getting his doctor
ate in physics in 1926. After two years 
of further study in Germany, he joined 
the Princeton University faculty in 1928, 
moved to the University of Ylinnesota 
for one year and then returned to 
Princeton. In 1937 he became associate 
director of the Westinghouse Research 
Laboratories. For six years, beginning in 
1945, he was director of the National 
Bureau of Standards and left to head 
research and development for the Corn
ing Glass Works. Condon has recently 
become head of the physics department 
at Washington University in St. Louis, 
and is spending this summer as visiting 
professor at the University of Wisconsin. 
For many years he has ranked among 
the leading theoretical physicists, par
ticularly in the fields of quantum me
chanics, nuclear reactions and the spec
tra of atoms and molecules. He has been 
president of the American Association 
for the Advancement of Science and of 
the American Physical Society. 
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volts 
DIRECT CURRENT 

Medalists shown actual sixe 

"'T. M. 'Reg_ U. S. Pal. Off. U. S. & Foreign Poll!nls 

marion electrical instrument company 
GRENIER FIELD, Manchester, New Hampshire 

Copyright 0 1956, MQrion 

© 1956 SCIENTIFIC AMERICAN, INC



Graham laboratory for 
J&l Resea rch, Pittsburgh 

-and the world's 
de ep e st oil well 

Drill pipe developed by J & L  technology 
battles with forces four miles underground 

On November 9 last year, in Plaquemines Parish, 35 miles south
east of New Orleans, a string of drill pipe pushed downward through 
the earth's crust to a depth of 21 ,483 feet to become the world's 
deepest oil well. 

Drilling continued to a depth of 22,570 feet, exceeding the 
previous depth record by 1 ,088 feet. 

J&L drill pipe was used exclusively in the drilling from the 
surface to the bottom of the hole. Hundreds of tons of J&L Casing 
and Tubing also were used in the well. 

At the record depth, pressures were encountered to which drill 
pipe never before had been subjected. The steel pipe also had to 
battle high temperatures, corrosion and abrasion during the drilling. 
The pipe won the battle, without a single failure-where a failure 
could cost thousands of dollars. 

The story begins back in 1 9 1 9  when J&L metallurgists challenged 
the assumption that steel with manganese content over one percent 
was so brittle as to be commercially useless. They found that steel 
in the manganese range of one to three percent not only was ductile 
and high in strength, but displayed good resistance to shock. In a 
succession of developments, J&L technologists further improved its 
properties. After hundreds of laboratory and field tests on as many 
as fifty experimental steels, they finally produced steel with the right 
combination of properties for high-efficiency performance in deep 
well drilling. 

Nor does the story end here. As wells reach down to even greater 
depths, J&L continues with developments of new 
grades of steel and better processing methods to meet 
the needs for stronger and tougher pipe. New steels 
with strengths 50 percent greater than those used in the 
record well already have been developed to meet the 
demands of the nation's petroleum industry in its 
never-ending search for oil. 

Jones 8 Laughlin 
S T E E L  C O R P O R AT I O N · P I TT S B U R G H  

Richardson ' & Bass Dri l l ing Rig No. 25. Rig ond 
boi lers are mounted on two b a rges sunk to the 
bottom of the ma rsh to provide a firm found ation. 
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Assembly- l ine adhesive bonds 
honeycomb to almost a ny skin 

Fabricators are now able to make honeycomb panels with 
remarkable speed and economy out of practically any
thing. Such materials as plastic laminate, plywood, hard
board, aluminum, and stainless steel can be bonded to 
honeycomb in minutes-ready for drilling or any other 
necessary fabrication. 

This amazing speed and versatility in panel construction 
stem from the assembly-line adhesives developed by the 
Armstrong Cork Company. 

These adhesives are sprayed automatically on the 
honeycomb core and the skin material. Then, after both 
surfaces are dried in an infrared oven, they are joined face 
to face. One quick trip through the pressure rolls pro
duces an instantaneous, permanent bond. There's no 
clamping or overnight curing . . . no need for jigs or 
presses. The panel is ready for anything from a table top 
to a curtain wall, depending on the skin you're using. 

No matter what material you wish to bond to honey
comb, you'll probably Bnd an Armstrong adhesive to do 
the job. For full information, write for your free copy of 
our 36-page manual on adheSives, coatings, and sealers. 
Armstrong Cork Company, Industrial Division, 8009 Inland 
Road, Lancaster, Pennsylvania. In Canada, write to 691 1 
Decarie Boulevard, Montreal. 

@mstrong 
A D H E S I VES • COAT I N G S  • SEALERS 

. . .  used wherever performance counts 
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THE 200·INCH HALE TELESCOPE can be seen beneath its silvery 

dome in this photograph made on Palomar Mountain. Most of the 

astronomical photographs reproduced in this issue, and some ob· 

servations critical for cosmology, were made with this instrument. 
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THE UNIVERSE 

Presenting an lssue about astronOlny as it is related to cosmology: 

the study of· the large-scale features of the cosnlOS. The following 

introduction traces the historic development of cosmological ideas 

C
oking out on the night sky we are 

deeply impressed, as the billions 
of human inhabitants of this planet 

have been before us, by the majestic 
procession that wheels unceasingly by. 
Even early man saw, and speculated 
about, both the regularity and the ir
regularities of this nightly scene: the 
myriad stars rolling steadily across the 
heavens, the slight changes in the vista 
from one night to the next, the moon 
slowly wending her way backward 
through the star-studded firmament, the 
planets ("wanderers") roaming errat
ically through the field, the occasional 
fall of a "shooting star" and, less fre
quently, the eerie sweep of a comet. 

Quite naturally early man tended to 
think of himself as the center of it all
the hub about which this great spectacle 
turned. He ordered these celestial ap
pearances, like the immediate physical 
surroundings with which he had to 
grapple, into a self-centered world-and 
sat serenely in the middle, the favored 
onlooker if not the master of all he sur
veyed. 

What happened to jut man out of this 
complacent rut? By what turn of the in
tellect did he come to relegate himself 
to his present position as the denizen of 
a middle-of-the-road satellite of an un
distinguished star in a galaxy which 
itself is but an ordinary member of an 
uncountable universe of galaxies? How 
did this cosmic view develop, and what 
sort of universe do we see today? 

These are the questions that the au-

by Harold P. Robertson 

thors of the articles in this issue of SCI
ENTIFIC AMERICAN seek to answer, in� 
sofar as the present state of knowledge 
will allow. They tell of the current in
vestigations, both observational and 
theoretical, into the make-up and history 
of galaxies and the age and extent of 
the visible universe as a whole. In this 
introductory account I shall sketch with 
a broad brush the path that man has 
taken in exploring his relation to the 
cosmos, dwelling briefly upon the major 
turning pOints. 

]\1odern scientific cosmology is de-
scended from a long line of 

thought which arose early in the his
tory of civilization in Babylonia and in 
Egypt, was developed by the Greeks, 
was preserved and elaborated by the 
Arabs through the Middle Ages, was 
reconstructed by scholars of the Renais
sance and was thus handed down to the 
men who transformed it and thereby in
augurated the present age of science. 
The scheme built by the Greeks and 
their followers was founded upon (1) 
an urge to understand the celestial sys
tem, and (2) a willingness to settle for 
a purely descriptive account of its mo
tions. Their model of the universe grew 
out of Aristotelian physical principles: 
namely, that the earth and everything 
else under the moon was made up of 
four elements-earth, water, air and fire 
-which tended to move along the ver
tical to regain their natural positions in 
a series of spherical shells concentric 

with the earth, while the celestial bodies 
were formed of the quintessential ether, 
and in keeping with their unchanging 
perfection must maintain their position 
above the earth. The celestial bodies 
were thereby restricted to motion in con
centric orbits and must be firmly at
tached to tangible spheres, because ac
cording to Aristotle a body can remain 
in motion only when in physical contact 
with something that causes it to move. 
Thus grew up the elaborate system of 
homocentric spheres carrying the moon, 
sun, planets and stars. Behind the sphere 
of fixed stars was presumably a Prime 
Mover, responsible for all the compli
cated motions of the spheres. Beyond 
the stars was the void: the finite, spheri-

ON THE NEXT TWO PAGES is a photo· 
graph of a huge cluster of galaxies in the 
constellation of Coma Berenices (see star 
chart on page 76). The photograph was 
made with the 48·inch Schmidt telescope on 
Palomar Mountain. The reproduction is 
made from a negative print which increases 
contrast and makes faint objects more visi· 
ble. The galaxies are the small fuzzy objects. 
They may be further distinguished from 
nearby stars by the fact that the images 01 
the stars are either small and I·ound or 
larger and surrounded by four spikes. The 
spikes are caused by the diffraction of star· 
light around the four structural members 
which support the photographic plateholder 
within the tllbe of the Schmidt telescope. 
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cal universe was surrounded by noth
ing, not even space. 

Ingenious as this system was, it was 
simply not capable of accounting for 
some of the motions and other phe
nomena actually observed. To "save the 
phenomena" the later Greeks fell back 
upon a purely mathematical representa
tion of motions intended to account for 
observed irregularities. Its most charac
teristic device was to allow each of the 
seven wanderers (including the sun and 

moon) to move uniformly in a circle 
(the epicycle) whose center itself 
moved uniformly on another circle (the 
deferent) about the earth. Since the 
whole purpose of the exercise was to 
account for the motions as viewed from 
the earth, this was quite naturally taken 
as at rest, and the firmament of stars 
allowed to rotate daily about it. In the 
form elaborated by Ptolemy in the sec
ond century, this geometrical scheme 
was capable of giving a tolerably accu-

rate account of the naked-eye observa
tions amassed over the preceding cen
turies. It was, however, truly a scheme 
rather than a system, for it embodied 
no physical principle accounting for the 
relations between the orbits of the var
ious bodies. Ptolemy's value for the 
mean distance of the moon from the 
earth was accurate to within 2 per cent, 
but his estimate of the distance of the 
sun was only a twentieth of the true 
value. The root of the trouble lay in the 

STAR CHARTS display the constellations as a guide to the loca· 
tion of astronomical objects which are reproduced elsewhere in 
thi� issue. The chart of all the constellations visible from the 

Northern Hemisphere is shown at the left. The earth's North 
Pole points to the Pole Star in the center. The chart of the con· 
stellations that are visible from the Southern Hemisphere is on 
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fact that Greek physics was woefully in
adequate to the tasks put upon it. 

The extrication of cosmology from 
this welter of philosophy and astronomy 
began when Nicolaus Copernicus early 
in the 16th century transferred the cen
tral reference point from the earth to the 
sun. Copernicus retained the epicyclic 
motions to save the phenomena, but by 
allowing the earth to rotate he stopped 
the dizzy motion of the stars, and by 
allowing the earth to revolve about the 

sun he did away with the complications 
Ptolemy had had to introduce in the 
planetary motions to offset the assumed 
motion of the sun around the earth. The 
sphere of the fixed stars was now at rest, 
and taken large enough so that the 
earth's pilgrimage about the sun would 
result in no noticeable displacement of 
the stars in the sky from opposite pOints 
in its orbit. (It was not until the 19th 
century that meticulous measurements 
made it possible to observe such paral-

lactic displacements for nearby stars.) 
Toward the end of the 16th century 

Thomas Digges, the first to present the 
essentials of Copernicus' De revolutioni
bus ol'bium coelestium in English, intro
duced a change in the Copernican 
scheme which at first sight seemed so 
slight that even Digges failed to appre
ciate its basic significance. In his Perfit 
Description of the Coelestiall Orbes, 
Digges replaced the sphere of fixed stars 
with an infinity of stars extending uni-

the right. Bet ween the center and the edge of each chart are two 
large concentric circles; these mark 30 degrees of declination, or 
latitude, on the celestial sphere. The Roman numerals indicate 

the right ascension, or longitude on the sphere. The stippled band 
is the Milky Way. The two small stippled areas near the center 
of the Southern Hemisphere chart are the Clouds of Magellan. 
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THE 48·INCH SCHMIDT complements the 200·inch telescope. 
Although it does not penetrate so deeply into space, its field of 
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view is much larger. A photograph made with it covers 44 square 
degrees; a 200·inch photograph, about a 20th of a square degree. 
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formly throughout an infinite universe. 
This change made inevitable the even
tual dethronement of the sun, which, in 
Digges's own words, "like a king in the 
middest of al raigneth and geeveth 
lawes of motion to ye rest." But the time 
was not yet ripe for such a reorienta
tion: its full fruition would require the 
inventive genius and skill of the great 
observers from Galileo Galilei to George 
Ellery Hale, and the unifying genius 
and thought of the host of theorists from 
Isaac Newton to Albert Einstein. 

T hree of the elements needed for the 
breakthrough to the Newtonian con

ception of the world were furnished 
around the turn of the 17th century by 
Galileo and by Johannes Kepler. Gali
leo's service was twofold, both in the 
observational domain and in furthering 
the breach with the impotent Aristote
lian dynamics by recognizing clearly 
that only change of motion-and not 
motion itself-was impelled by the force 
applied. His development of the tele
scope into a practical instrument en
abled him, by discovering the satellites 
of Jupiter, to strip the earth forever of 
its claim to being the only center of ro
tation in the universe. At the same time 
he resolved portions of the Milky Way 
into great collections of stars, paving the 
way for the dethronement of the sun 
from the central position assigned it by 
Copernicus. Curiously enough Galileo 
held to the doomed epicycles. It was 
Kepler who, in order to save the phe
nomena as observed by Tycho Brahe, 
the last great naked-eye astronomer, 
threw off at last the restricting dogma 
of uniform motion in circles. His three 
laws describing the motions of the plan
ets, traveling in elliptical orbits, sup
plied the cornerstone for a rational 
structure of the solar system, though 
Kepler himself failed in his lifelong at
tempt to put the pieces together. 

What was needed was a unifying 
principle to bring order into the dis
jointed parts, to tie them together into 
a physical model which would satisfy 
the philosophers in their quest for truth 
and the astronomers in their require
ment of accuracy. This Newton supplied 
in his theory of universal gravitation. 
He subjected not only the solar system 
but also the ethereal stars to one reign 
of law. Gravitation was the force that 
held objects on the earth, that bound 
the moon to it, that steered the planets 
in their elliptical orbits about the sun 
and adjusted their periodic times in ac
cOl'dance with their distances from it. 
For the first time it was possible to 

measure accurately the dimensions of 
the solar system. Along with his gift of 
gravitation, Newton invented the tools 
required for the construction of a uni
versal system by completing the science 
of dynamiCS and perfecting the infini
tesimal calculus. 

The first crude steps could now be 
taken toward a cosmology describing 
the world at large, and toward a cos
mogony accounting for the evolution of 
its parts. Newton himself speculated that 
"if the matter were evenly distributed 
throughout an infinite space ... some 
of it would convene into one mass and 
some into another, so as to make an in
finite number of great masses, scattered 
great distances from one another 
throughout all that infinite space. And 
thus might the sun and fixed stars be 
formed .... " This bold leap into the dis
tant reaches of time and space blazed a 
path for Immanuel Kant, Pierre Simon 
de Laplace and other cosmogonists to 
follow. But the vastness and complexity 
of the system that would have to be 
explained was not yet even suspected: 
there was still little idea of the organiza
tion of stars in loose associations and 
tight clusters or of the various types of 
nebulae, to say nothing of the clustering 
of tens of thousands of these island uni
verses into supersystems so vast that it 
takes light tens of millions of years to 
traverse them. 

By the first quarter of the present cen-
tury the ever-quickening accumula

tion of research had set the stage for 
spectacular developments. The tele
scope, increasing in power from the 
early reflectors of Sir William Herschel 
and

' 
of the Earl of Rosse to the great in

struments of America, had shown the 
Milky Way system to be a lens-shaped 
collection of some 100 billion stars, with 
the sun out toward the rim. The spec
troscope, analyzing the light of the stars, 
had identified family traits among them. 
Studies of their color shifts, assumed to 
be a Doppler effect, had told something 
of the stars' motions away from us. The 
distances of stars had been measured by 
the methods of parallactic displacement 
and comparison of apparent brightness. 
Henrietta Leavitt at the Harvard Col
lege Observatory and Harlow Shapley 
at Mount Wilson had discovered that 
the pulsating stars called Cepheid vari
ables provided a scale for measuring dis
tances in our own galaxy, the Milky 
Way, and for estimating the distances 
of other galaxies in which these varia
bles could be resolved. With this new 
tool it was found that the sun's distance 

from the center of our galaxy was some 
26,000 light-years-a far cry indeed from 
the little world of Johannes Kepler, 
which light could have traversed in less 
than one tenth of a year! And the galaxy 
was found to be spinning about that dis
tant center at a rate which would swing 
the sun around it in 200 million years. 

The galaxy itself had been measured, 
and many of the objects seen in the 
heavens had been identified as members 
of it. But what of the multitude of 
nebulae, now numbering thousands, that 
could not be placed in our system? Im
manuel Kant had in 1755 put forward 
the notion that such nebulae were them
selves distant island universes-peers in 
every way of our own galaxy. The proof 
had to await the development of meth
ods of measuring the titanic distances 
involved. The break came in 1917, when 
G. W. Ritchey at Mount Wilson identi
fied a nova in the Great Spiral Nebula 
in Andromeda [see page 92J. By 1924 
Cepheid variable stars had been found 
in this and other nearby nebulae, and on 
the heels of this came the development 
of other brightness criteria of distance
supergiant stars, supernovae, nebulae 
themselves and finally even the brightest 
nebulae in clusters. This break initiated 
the modern era in cosmology. 

One of the first tasks was to identify 
the galaxies by type. Edwin P. 

Hubble at Mount VVilson established a 

system which starts with elliptical nebu
lae, of increasing degrees of flatness, and 
branches off into normal spirals on the 
one hand and barred spirals on the other, 
with a sprinkling of irregular nebulae 
falling outside the sequence. The ques
tion immediately arose: Where does our 
own galaxy fit into the scheme? The un
evenness of its texture, its great star 
clouds and murky patches, indicate that 
it does not belong in the class of elliptical 
nebulae, which are almost structureless. 
On the other hand, its rotation and rudi
mentary symmetry suggest that our 
galaxy is not to be classed with the ir
regular nebulae, such as our closest com
panions, the Clouds of Magellan [see 
page 100]. Hubble tentatively placed the 
Milky Way well toward the end of the 
branch of normal spirals, a counterpart 
of the very open spiral in Triangulum 
[see page 103]. It is indeed easy to 
imagine that an observer looking out at 
that galaxy from a point near its rim 
would see a ragged veil of stars very like 
our own Milky Way; its nucleus would 
be obscured, like ours, by dark clouds of 
dust, and the structure of its arms would 
be unclear, again like ours, because the 
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observer would be looking at them along 
the plane in which they lie. 

But science will not rest with satisfy
ing the imagination; the imagined pic
ture is a challenge driving the astrono
mer on to find means of mapping the 
elusive nucleus and the spiral arms, if 
such there be. And such means are being 
found, making the problems of galactic 
structure one of the most active and ex
citing in the whole cosmological field. 
Closer study of the spiral in Andromeda 
has brought out certain characteristics of 
spirals-red giant stars and cluster-type 
variables in the nucleus, blue supergiants 
surrounded by hydrogen gas in the arms. 
These features serve as clues for explor
ing our own galaxy. A marvelous new 
tool, radio astronomy, has enabled us to 
detect hydrogen gas lining its spiral 
arms, and to hear significant radio 
"noises" from its central regions. The 
evidence indicates more and more that 
we are residents in a normal spiral 
galaxy, very similar in size, structure and 
composition to the Andromeda Nebula. 

Having found a way to identify and 
classify galaxies, the next task was to 
map their distribution. Surveys showed 
that nebulae tend to cluster in groups, 
containing up to a thousand or more. 
The exploration has in fact suggested to 
some that our own galaxy may be an 
outrider in a supergalaxy, just as the sun 
was earlier found to be an outrider of 
the galaxy. 

Are the clusters themselves distrib
uted irregularly or are they scattered at 
random more or less uniformly through 
space? The evidence is conflicting, but 
inspection of selected regions indicates 
that by and large the fainter-and 
therefore presumably more distant
nebulae are indeed fairly uniformly dis
tributed, aside from their apparent 
tendency to cluster. Here again is a 
field of research which is being explored 
vigorously, both from observational 
and theoretical pOints of view. 

The question of the distribution of 
nebulae in depth-that is, with in

creasing distance from us-is a crucial 
one for deducing the structure of the 
universe as a whole. According to our 
recently recalibrated distance scale [see 
"A Larger and Older Universe," by 
George W. Gray; SCIENTIFIC AMERI
CAN, June, 1953] the 200-inch telescope 
on Palomar Mountain l"eaches out to 
more than two billion light-years, and 
new radio telescopes may take us even 
farther. If the concentration of nebulae 
is found to change with distance, we 
may obtain a measure of the curvature 
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of space postulated by certain interpre
tations of Einstein's general theory of 
relativity. If nebulae at great distances 
are found to differ phYSically from those 
nearby, we may have clues to the evolu
tion of galaxies, for we are seeing the 
distant galaxies as they were billions of 
years ago, when their light began its 
enormous journey to us. 

These possibilities raise the question 
of the time scale of the universe. Did the 
universe originate at some finite time in 
the past, or has it existed forever? The 
question may not be one for science 
alone to answer, but there can be no 
doubt that it is one to which the findings 
of science are relevant. Many of the 
older cosmologies assumed that the uni
verse was created full-blown in very 
much the state in which we find it now; 
more recent theories, in rationalistic re
action, tacitly assumed that the universe 
had no beginning. If the first of these 
assumptions were correct, it would be 
hard to account for the observed ex
istence of one-way processes in nature; 
the second fails to account for the con
tinued existence of radioactivity. The 
nebulae themselves, by their motions, 
offer an answer to this question of time
if not a complete answer, then at least a 
time scale which must prove significant 
for any cosmological theory. For the 
nebulae appear to be rushing away from 
us; if these motions are real, and if they 
have been going on continuously in the 
past, then all the matter we now see 
spread throughout the universe must a 
few billion years ago have been com
pressed into a very small compass in
deed. It is as if, at that time in the dim 
past, there was a mighty explosion which 
catapulted fragments out to form the 
nebular universe as we now see it. 

The evidence for this view is, of 
course, the well-known red-shift in the 
light we receive from distant nebulae. 
By the end of the first quarter of this 
century V. M. Slipher at the Lowell Ob
servatory at Flagstaff, Ariz., had com
piled a list of some two-score nebulae 
that showed red-shifts, and Hubble com
piled a corresponding list of their dis
tances. Developments in the general 
theory of relativity suggested that dis
tant objects should in fact be moving 
away from us <It a speed proportional to 
their distance, and in 1927 we found 
such a correlation-ragged, it is true, but 
showing a distinct increase of velocity 
with increasing distance. Hubble and 
Milton L. Humason at the Mount Wilson 
and Palomar observatories extended this 
correlation to vastly greater distances; 
the most distant nebulae observed so far 

seem to be traveling at one fifth the 
speed of light and more. 

Knowing the distances and velocities 
of the nebulae, it should be easy, by 
extrapolating backward in time, to tell 
when they were all together. And so it 
would, if we could be sure that these 
velocities have been the same from the 
beginning, or even if we knew the law 
by which they have changed, if they 
have. But assuming for the moment that 
the velocities have kept the same, and 
adopting the new distance scale pro
posed last year by Walter Baade of 
Mount Wilson and Palomar, the answer 
is that the "origin" of all this motion 
lies five and a half billion years in the 
past. Is this time enough for the chemi
cal elements to have evolved, in the pro
portions we now observe, from elemen
tary particles? Is it long enough for stars 
and nebulae to have been built from 
primordial matter? For the creation of 
the solar system in all its parts? Such 
are the questions that cosmology asks of 
its sister science cosmogony. 

But are we justified in assuming that 
the relative velocities have not changed 
during all these celestial eons? Probably 
not, for we should expect the various 

PALOMAR MOUNTAIN is seen in this 
aerial photograph from the direction in 
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nebulae to interact, and such interaction 
could very well lead to changes in rela
tive velocity. Specifically, the retarding 
pull of gravitation should slow the nebu
lae down. If gravitation is the only force 
effective between nebulae, then we 
should expect that the time scale in
ferred from the present slowed rate of 
expansion must be shortened-but by 
how much? At this point we have need 
of a theory, of some hypothesis on the 
dynamics of the universe, to· point to 
further observational tests. 

A theory opportunely presented itself, 
in the form of Einstein's general 

relativistic theory of gravitation. Hardly 
had this revolutionary extension of New
ton's laws been formulated when it was 
applied, by Einstein himself and by the 
Dutch astronomer Willem de Sitter, to 
the cosmological problem. Within a 
decade research leads converged from 
various directions upon an idealized 
model, or rather a series of models. The 
general theory of relativity sets out with 
few a priori prejudices concerning the 
geometry of space, holding the geometry 
to be in large measure contingent on the 
material content. This results in the in-

triguing possibility that physical space 
may be curved into a non-Euclidean 
form-a closed but unbounded universe 
of finite volume if the CUFvature is posi
tive, an infinite open one if the curva
ture is zero or negative. Observation 
should be able, in principle, to deter
mine which obtains, and how great is 
the curvature. Thus if matter is distrib
uted at random, the total number of 
nebulae seen out to a given astronomical 
distance should increase faster with dis
tance in a closed space than in the flat 
Euclidean model, and the discrepancy 
should lead to an estimate of the amount 
of curvature. 

Besides the models arising from Ein
stein's theory of gravitation, other rela
tivistic models are possible, and several 
have been advanced as better suited to 
the facts. Among them is one in which 
the universe is stationary in time, but 
which yet allows for the general expan
sion. This it can do only by breaking 
with the postulate of conservation of 
matter and replacing it with the hypoth
esis of continuous creation of matter
the theory espoused by Fred Hoyle and 
his University of Cambridge colleagues. 

As of the present no one model can 

lay exclusive claim to being the best 
representation of the actual universe. 
The choice sways from one to another as 
we choose to emphasize now one, now 
another set of partial observations, or 
as new horizons bring new knowledge. 
But the faith of science in the rule of 
law and the uniformity of nature bids 
us continue the search, confident that if 
we ask the right questions, and as wc 
produce the means to answer them, all 
the parts of the puzzle wiII fall together 
into a consistent picture of the universe 
which portrays truth in the only sense in 
which science can sanction the word. 

So history has shown. The world of 
ancient man was closed within a 
cramped sphere to which the stars were 
attached. The giants of the age of New
ton pushed back this puny sphere to 
make room for the sun and its entourage, 
and their followers made of the stars a 
galaxy of majestic size and structure. 
And now in our day man leaps from it 
into the dim reaches of a universe of 
galaxies, groping with the problem of its 
structure, of whence it came, and of 
whither it goes. Truly one can say with 
Hubble: "The history of astronomy is a 
history of receding horizons!" 

which its telescopes look out into the realm of the nebulae. The 
bulbolls object at lower right is the dome of the 200·inch. Almost 

directly below it at t.he edge of the photograph is the dome of the 
48-inch Schmidt. The domelike object between them is " water tank_ 
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THE ORIGIN OF THE ELEMENTS 
The relati()e abundance of the ()arzous kinds of atoms is a powerful 

clue to the history of the unl()erse. The author discusses the recent 

theory that the hea()ier ones were built up from hydrogen In stars 

I
n investigating the nature and history 

of the universe we can hardly do 
better than to begin by examining 

what it is made of. The universe we see 
and measure is composed of an orderly 
yet diverse system of elements, from hy
drogen to uranium. How did these ele
ments come into being; from what pri
mordial stuff were, they made? As rare 
Ben Jonson shrewdly observed more 
than 300 years ago in The Alchemist (in 
a quotation to which the physicists Ralph 
A. Alpher and Robert C. Herman have 
previously called attention) : 

Ay, for 'twere absurd 
To think that nature in the em'th 

bred gold 
Perfect i' the instant: something 

went before. 
There must be remote matter. 

Research into "remote matter" and 
the origin of the elements is going for
ward today along many paths, and of 
these none has been more fruitful than 
the study of the relative abundance of 
the various elements in the universe. The 
present abundances of the elements offer 
one of our most powerful clues to the 
history of the earth, the stars and the 
galaxies, for the abundance curve is the 
product of that history and was shaped 
by cosmic events. From this curve we 
can learn much about the evolution of 
stars, about cosmology and about all the 
grand-scale subjects of modern science. 

Our inquiries into the composition of 
the universe are severely handicapped, 
to be sure, by the fact that gravitation, 
which acts alike on heavenly bodies, ap
ples and human beings, has so far 
chained mankind to his native planet. 
But notwithstanding this handicap, an 
imposing range of information on the 
universal abundance of elements is avail-
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by William A. Fowler 

able to us today. There is, first of all, 
our own planet, where we can analyze 
at first hand the composition of the crust, 
oceans and atmosphere, and, allowing 
for losses of matter to space and redis
tribution of matter to the interior, can 
compute the proportions of the elements 
in the earth when it was formed. Sec
ondly, there are the meteorites plucked 
by the earth from outer space; we at
tach considerable weight to these sam
ples, because the matter in meteorites is 
assumed to have undergone less change 
than that in the earth's crust. Thirdly, 
the light from a star, when analyzed with 
the spectroscope, identifies the elements 
on its visible surface. Every element 
emits or absorbs a characteristic spec
trum of light (bright or dark lines at cer
tain wavelengths) when its atoms are 
excited to high temperature; the ele
ments have been "fingerprinted" in this 
way in laboratories, and their prints can 
be matched to the spectral light from 
stars. The abundance of each element 
can be estimated from the intensity of its 
radiation or from the amount of radia
tion the surface atoms absorb from the 
star's background radiation. Fourthly, 
from galaxies and from interstellar space 
we can hear a song of hydrogen, in the 

,form of radio waves at the 21-centimeter 
wavelength; as radio astronomy devel
ops it may tell us much more about the 
abundance of the elements in space. Fi
nally, the cosmic ray particles that con
tinually bombard the earth also supply 
us with samples of matter from the uni
verse outside our planet. 

. 

All these clues are beset with complica-
tions that may mislead us. Nor can 

we be confident that we have a true 
sample of the whole universe, for the 
information comes mainly from our own 
galaxy, indeed, largely from our own 

solar system. But it has been gratifying 
to find that every one of our methods of 
observation, when carefully carried out 
and corrected for complicating factors, 
yields much the same story. They pro
duce a reasonable and consistent picture 
of the average abundance of the ele
ments in the universe as far as we can 
observe it. This picture-a curve showing 
the proportions of the various elements 
in the cosmos as a whole-is well tepre
sen ted by the curve constructed by Har
rison Brown of the California Institute 
of Technology on the basis of his analysis "

of meteorites and other evidence [see 
upper chart on page 85]. 

By far the most abundant element is 
hydrogen: it accounts for 93 per cent of 
the total number of atoms and 76 per 
cent of the weight of the universe's mat
ter. Helium is next: about 7 per cent by 
number of atoms and 23 per cent by 
weight. In general the abundance of the 
elements drops off with increasing 
atomic weight. The fall in the curve has 
one sharp interruption when we come to 
the elements of the iron group: these 
are about 10,000 times more abundant 
than their neighbors in the atomic
weight sequence. But except for this 
anomaly there .is a genenil decline, and 
the heaviest elements add up to only a 
hundred millionth of all matter by num
ber of atoms and a millionth by weight. 
It is a striking fact that all the elements 
beyond helium together amount to only 
a little more than 1 per cent of the mass 
of the universe. 

If we take this picture to be correct, 
we have, then, a universal pudding com
posed of certain known ingredients 
mixed in certain proportions. Our task 
is to determine what recipe could have 
brewed this mixture. 

We begin with the fact that, to the 
best of our knowledge, all the elements 
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COSMIC RAY smashes a nucleus in a photographic emulsion. The 

character of the original track indicates that it was made by a nu-

cleus of iron. The distribution of elements in cosmic rays provides 

evidence on the relative abundance of elements in the universe. 
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URANIUM-BEARING ROCK, when cut so that it can he placed 

in close contact with a glass photographic negative, records its 
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radioactivity in the emulsion. The relative abundance of the iso' 
topes in such rocks provides evidence as to the age of the earth. 
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are made up ot just two nuclear build
ing blocks-protons and neutrons. (How 
the protons and neutrons themselves 
were created is a question outside the 
province of this article: only men of 
strong convictions, religious or scientific, 
have the courage to deal with the prob
lem of the creation.) In a sense protons 
and neutrons are merely different ver
sions of a nucleon: a free neutron may 
decay into a proton by shedding a nega
tive electron, and the positively charged 
proton may become a neutron by com
bining with an electron or by emitting a 
positron. 

The nucleus of the simplest element, 
hydrogen, is a single proton. Nearly a 
century and a half ago the Englishman 
William Prout suggested that all the ele
ments consisted of combinations of hy
drogen atoms. We have learned that the 
situation is vastly more complicated, but 
essentially most of the modern theories 
make a similar approach. It is natural to 
start with the working hypothesis that 
the elements were built up from protons 
or neutrons or both as the units. 

The difficulty lies in trying to picture 
how this build-up took place and how 
it could have proceeded through the 
whole sequence to produce all the ele
ments in the periodic table. The posi
tively charged protons repel each other, 
and it takes a large amount of energy to 
overcome this repulsion and force them 
close enough together to combine. Some 
combinations are highly unstable or non
existent. Other combinations in the se
quence are so stable and so strongly 
bound that it is difficult to see how they 
can be transmuted or built up to larger 
atoms by natural processes. 

T here are several current theories 
about the origin of the elements, but 

we shall consider only the two that have 
been worked out in fairly comprehen
sive fashion and are taken most seriously. 

The more popular of the two is the 
one advanced by George Gamow and 
his collaborators. This theory holds that 
the elements were formed by a step-by
step build-up from neutrons. Gamow 
starts from the postulate, based on the 
apparent expansion of the universe, that 
the cosmos started from a core which 
exploded in a primordial ''big bang" 
some Rve billion years ago. This exceed
ingly dense core, he believes, was made 
up primarily of neutrons, for under the 
great pressure electrons would be com
pressed into the protons. As the great 
neutron ball began to expand, some of 
the neutrons decayed to protons. Each 
proton promptly captured a neutron, the 
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SYNTHESIS OF ELEMENTS from hydrogen begins with the steps 

depicted here. The circles represent nuclei in the interior of a 

star. Two nuclei of hydrogen 1 (HI) fuse to form a nucleus of 

TRANSFER OF ELEMENTS between stars and the interstellar 

dust and gas is illustrated. Elements are synthesized in stars (A) 
by processes of the kind depicted at the top of the page. The stellar 
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hydrogen 2, or deuterium (D2) . The deuterium then fuses with 

hydrogen 1 to form helium 3 (He3). Two nuclei of helium 3 next 

combine to form helium 4 (He4) and two nuclei of hydrogen 1. 

material is ejected slowly by stars such as the sun (B), or ex

plosively by novae or supernovae (C). The material is mixed in 

the dust and gas (D). It condenses into young, bright stars (E). 
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pair forming a deuteron, the nucleus of 
the hydrogen isotope of mass 2. Some 
deuterons then captured another neu
tron and became nuclei of tritium, or 
hydrogen 3. This nucleus soon decays by 
emitting a negative electron and thus is 
transmuted to helium 3. And so, by a 
rapid succession of neutron captures and 
electron decays, all the elements were 
built in the first burst of the universe's 
expansion. Gamow believes that the 
whole process of formation of the ele
ments as we know them took place in a 
matter of a few minutes. The fleeing 
matter thereafter formed stars, planets 
and galaxies. 

Two lines of evidence from laboratory 
experiments with particles give impres
sive support to Gamow's theory. First, it 
is well established that nearlv all nuclei 
do in fact capture neutrons r�adily. Sec
ondly, the neutron-capture cross sections 
of the various nuclei predict a pattern of 
element abundances which agrees re
markably well with the one actually ob
served. We should expect a simple rela
tion between the neutron cross section 
of a given nucleus (i.e., the rate at which 
it captures neutrons) and the relative 
abundance of its production. Nuclei that 
capture neutrons rapidly should be com
paratively rare when the sequence of 
element formation is completed, be
cause most of them are quickly con
velted by such capture to other nuclei; 
conversely, nuclei that are slow to cap
ture neutrons should accumulate to rela
tively high abundance. The curve of 
element abundances does in fact closely 
follow the curve of neutron-capture cross 
sections, in an inverse sense: that is to 
say, just as the curve of abundance falls 
sharply from hydrogen to the nucleus of 
atomic weight 100 and then flattens out, 
so the curve of neutron cross sections 
rises sharply from hydrogen to 100 and 
similarly flattens out beyond this atomic 
weight [compare ch01ts on page 85]. 
There are even some correlations be
tween fluctuations of elements from the 
two curves, notably at the neutron num
bers 50, 82 and 126. 

But there are important difficulties 
with Gamow's theory-difficulties to 
which his collaborators Ralph A. Alpher 
and Robert C. Herman have themselves 
called attention. The most serious is the 
fact that in the sequence of atomic 
weights numbers 5 and 8 are vacant. 
That is, there is no stable atom of mass 
5 or of mass 8. 'Ve can produce helium 5 
in the laboratory by bombarding helium 
4 with neutrons, but it immediately 
breaks down to helium 4 again. Like
wise we can produce momentarily an 

ELECTROSTATIC PARTICLE ACCELERATOR is used at the California Iustitute of 
Technology to study nuclear reactions of the kind that occur in stars. In the photograph 

at the top is the vacuum tank which encloses the generator. In the photograph at the bottom 

is the apparatus on the floor below. The beam of particles is bent by curved magnet at left. 
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STELLAR SPECTRA studied by G. R. and E. Margaret Burbidge 

show an intensification of the absorption lines due to the elements 

barium, Iantha rum, praseodymium and samarium in two "pe· 

culiar" stars. Reproduced here are five spectra. At the top and 

bottom, for comparison purposes, are the spectra of an iron arc. 

Second from the top is the spectrum of the normal star Kappa 

isotope of beryllium of mass 8, but it too 
instantly breaks down (by fission into 
two helium 4 atoms). The question then 
is: How can the build-up of elements by 
neutron capture get by these gaps? The 
process could not go beyond helium 4, 
and even if it spanned this gap it would 
be stopped again at mass 8. In short, if 
neutron capture were the only process 
by which elements could be built, start
ing with hydrogen, the build-up would 
get no farther than helium. 

T his basic objection to Gamow's 
theory is a great disappointment, in 

view of the promise and philosophical 
attractiveness of the idea. The other ma
jor current hypothesis is less simple and 
less elegant; it complicates the picture 
by invoking other processes, in addition 
to neutron capture, to account for the 
build-up of the elements. But it seems 
to surmount the difficulties encountered 
by the Gamow hypothesis. 

The theory argues that the elements 
were built not in a primordial explosion 
but in the hot interiors of stars. It starts 
from our knowledge that nuclear reac
tions and transformations must be going 
on constantly in the stars. As Sir Arthur 
Eddington presciently remarked in 
1920, after Lord Rutherford had trans
muted nuclei by bombardment in his 
laboratory: "What is possible in the Cav
endish Laboratory may not be too diffi
cult in the sun." Eddington's informed 
guess was certainly correct, but not un-
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til 1938 was it translated into terms of 
specific processes. Hans A. Bethe, seek
ing to account for the enormous and 
enduring energy of the sun and other 
stars, conceived two chains of nuclear 
reactions that would explain their tre
mendous release of energy and would 
build new nuclei. The processes have 
been known ever since as proton-proton 
fusion and the carbon-nitrogen cycle. 
The new theory of synthesis of the ele
ments, which has been championed most 
extensively by Fred Hoyle of the Uni
versity of Cambridge, assigns key roles 
to these processes. 

We start with a universe consisting of 
a cold, dilute and turbulent gas of hydro
gen atoms. By gravitational attraction 
part of the gas condenses into stars. As a 
star contracts under gravitational force, 
its interior grows very dense and hot. 
When the central temperature reaches 
about five million degrees, the protons 
are moving with enough energy to fuse 
on colliding and form deuterons. Deu
terons in turn combine with protons to 
form helium 3. Helium 3 does not inter
act with protons, but laboratory experi
ments have shown that two helium 3 
nuclei can fuse and produce helium 4, 
ejecting the two surplus protons. The net 
result of this proton-proton chain is the 
conversion of four atoms of hydrogen 
into one atom of helium. 

In this way a core of helium develops 
in the center of the star and gradually 
grows in size. After a time, as the hydro-

gen fuel in the interior is used up, the 
core begins to cool. It then contracts, 
because gravitational forces gain the up
per hand. As a result the temperature of 
the core rises again. The sudden rise 
of the internal temperature heats up the 
star's outer envelope of hydrogen; the 
mantle expands enormously; its extend
ed surface then radiates cooler (i.e., red
der) light, and the star becomes a "red 
giant." 

We have now a star with a hot core 
of helium, at a computed tempera

ture of more than 100 million degrees. 
What happens next? We have come to 
the Gordian knot of the speculations on 
the build-up of the elements. Two he
lium nuclei may combine to form a nu
cleus of mass 8, but as we have seen, 
any nucleus of mass 8 must be extremely 
unstable, for none is found in nature. 
However, beryllium 8 has been pro
duced momentarily in the laboratory, 
and will certainly' materialize in the very 
hot and qense interior of a star. In fact, 
in that environment beryllium 8 will be 
produced at as fast a rate as it breaks 
down, so that a small amount of it is al
ways present. If so, an occasional beryl
lium 8 nucleus may during its very brief 
lifetime fuse with a helium 4 nucleus. 
The combination should result in a nu
cleus of carbon 12. 

Hoyle has pointed out that, in view 
of the extreme rarity of the beryllium 8 
nuclei (about one part in 10 billion in a 
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Geminorum. Third from the top is the spectrum of the peculiar 

star HD 46407; fourth from the top, the spectrum of the peculiar 

star HD 26. At A is an absorption line for ionized barium; at B, an 

absorptiou line for ionized lanthanum. The intensity of these lines 

in the spectra of the peculiar stars shows that their atmospheres con

tain more barium and lanthanum thau that of Kappa Geminorum. 

100-million-degree star), the beryllium 
8 nucleus had better have a big cross 
section for capturing helium nuclei if 
this scheme is to work. Naturally the 
question cannot be put to a direct test 
by bombarding a beryllium 8 target in 
the laboratory, for the nucleus is too 
ephemeral. But in the W. K. Kellogg Ra
diation Laboratory at Cal Tech we have 
been able to obtain indirect evidence 
that this capture does have a high prob
ability, or, in the parlance of nuclear 
physics, that it is a "resonant" reaction. 
Hoyle reasoned that if the reaction is 
indeed a resonant one, the product, car
bon 12, must go through an excited state 
with certain specified properties. We 
have found that the carbon 12 nucleus 
can in fact take this excited form, with 
almost exactly the properties Hoyle pre
dicted. We produced excited carbon by 
bombarding boron with high-energy 
deuterons. The excited carbon 12 nu
cleus resulting from this reaction 
promptly disintegrated into three helium 
nuclei. On the basis of very general phys
ical principles we can argue that in the 
hot core of helium in a star the reverse 
process can take place: that is, three 
helium nuclei may combine to form ex
cited carbon 12, which may then dis
charge its energy of excitation and be
come stable carbon. 

The jump from helium to carbon of 
course skips the elements lithium, beryl
lium (whose stable form is beryllium 9) 
and boron. There is good reason to sup-

pose that these elements are not pro
duced in the main line of build-up of 
the elements. They are comparatively 
rare, and may be made by secondary 
processes. It is known, for instance, that 
bombardment of heavy elements with 
hydrogen nuclei sometimes chips off 
fragments which are identifiable as nu
clei of lithium, beryllium and boron. 
Possibly this process goes on in spots 
("sunspots") on the surfaces of stars or 
occurs in stellar explosions. 

Once carbon 12 has been synthesized 
in the helium core of a star, it may build 
up by successive captures of helium nu
clei to oxygen 16, neon 20 and perhaps 
magnesium 24. When the helium has 
been largely used up, so that there can 
no longer be much release of energy 
from these fusion reactions, the core 
cools and contracts. The contraction 
again raises the temperature of the core, 
this time perhaps to an energy high 
enough to trigger interactions among 
the nuclei of carbon, oxygen and neon. 
Such reactions would produce the 
silicon group of elements (around 
atomic weight 28). The temperature of 
the core may continue to rise until, at 
about five billion degrees, the build-up 
of elements by fusion reaches a dead 
end. At this stage the build-up would 
form the most stable of all the elements, 
namely iron and its neighbors (around 
atomic weight 56). Any nuclear reac
tion involving the iron group must ab
sorb energy rather than release it; hence 

these nuclei cannot serve as fuel to con
tinue the chain of fusions. 

Hoyle has suggested that this impasse 
may account for the anomalous abun
dance of the iron group of elements in 
the universe. As the primeval stars grow 
older, they accumulate iron as the end 
product. If they reach the stage where 
they have burned up all their internal 
fuel and then explode (perhaps as a 
result of a sudden disturbance of the hot 
core material and its reaction with un
burned material in the envelope of the 
star), they will fling a considerable 
amount of iron into interstellar space. 

we must now pause to relate the ele-
ment-building processes to the 

evolution of stars. Clearly in the early 
stages of a star's evolution the only, or 
at least dominant, process is the build-up 
of hydrogen to helium. The fusion of 
hydrogen to helium is, in fact, the main 
source of energy of most stars (which 
fall in what is called the "main se
quence" on the familiar chart of star 
classifications). Recall that most of the 
matter in the universe is hydrogen and 
helium: we can assign the building of all 
the other elements to comparatively 
minor or rare processes in the life of 
stars. 

It is in the old "red giants" that the 
fusion of helium into carbon and suc
cessively heavier elements takes over the 
dominant role. But, as we have just seen, 
we have reached an impasse at iron, and 
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we must now find some way to construct 
the elements beyond the iron group. 
Here Gamow's concept of build-up by 
neutron capture, and what we know of 
certain cataclysmic events in the history 
,of stars, comes to our aid. 

. 

Stars, like human beings, are subject 
to accidents and disorders: not all of 
them live to a ripe old age. They occa
sionally boil up to a state of instability 
that results in their exploding as a nova 
or supernova. This may happen in a star 
of any age, young or old. When a young 
star explodes, it discharges hydrogen 
and helium into interstellar space. An 
old star will spew forth not only these 
nuclei but also other elements from 
carbon up to iron. Besides this, even 
stable stars, including our sun, are 
known to be constantly ejecting corpus
cles of matter into space. 

ENTIRE SCHEME of the synthesis of ele

ments in stars is presented on the opposite 

page. Elements synthesized by interactions 

with protons (hydrogen burning) are listed 

horizontally. Elements synthesized by inter

actions with alpha particles (helium burn

ing) and more complicated processes are 

listed vertically. The letters "pp" stand for 

the proton-proton reaction; the letters 

"CN," for the carbon-nitrogen cycle. The 

letter "n" stands for neutrons liberated in 

nuclear reactions and thus available for neu

tron-capture processes. The production of 

carbon (C) , nitrogen (N) , oxygen (0) , 

fluorine (F), neon (Ne) and sodium (Na) 

are given in detail. Described in less detail 

are the neutron-capture processes respon

sible for magnesium (Mg) , sulfur (5) , 

titanium (Ti) , the iron group, the heavy 

elements and the transuranium elements. 

The colored dotted line between the 

transuranium elements and the heavy ele

ments represents alpha decay or fission. 

> MAIN PROCESS 

> LESS FREQUENT PROCESSES 

:> 
NEUTRON CAPTURE ) 
CATALYTIC PROCESS 

----- 7 MODIFYING PROCESS 

Thus a debris of matter from living 
and dying stars pours into space, and its 
elements mix with the interstellar gas. 
From this material new stars are born: 
astronomy today has strong evidence of 
the existence of young or infant stars in 
the heavens. So we can postulate two 
kinds of stars: primeval or "first genera
tion" stars, and "second generation" 
stars, which start with a legacy of the 
elements up to iron from the parents of 
their matter. 

15t us now consider a second generation 
star which has condensed from hy

drogen mixed with some carbon, oxygen, 
neon and even a little iron. In these stars 
hydrogen in the core will again be con
velted to helium, but now, because car
bon is present, the conversion will take 
the route of the second process de
scribed by Bethe, the carbon-nitrogen 
cycle. In this cycle carbon 12 captures 
hydrogen nuclei in a series of steps 
which converts it successively to carbon 
13, nitrogen 14 and nitrogen 15: in the 
end nitrogen 15 takes on another pro
ton, breaks down to carbon 12 again, 
and in so doing emits a nucleus of heli
um. Thus the chain of reactions pro
duces helium and all the isotopes of 
carbon and nitrogen. It can be calcu
lated that this process, rather than the 
direct fusion of protons, is the source of 
energy in second-generation main-se
quence stars which are large enough to 
have internal temperatures over 15 mil
lion degrees. 

The oxygen in the star's core mixture 
is converted by proton capture to the 
isotope oxygen 17, and neon similarly to 
neon 21. Now these isotopes, and car
bon 13, come to play a crucial role when 
the star arrives at the red giant stage and 
its core consists mainly of hot helium. 
The three isotopes, on reacting with 
helium, produce unstable nuclei which 
emit neutrons; so laboratory experiments 
have shown. Consequently they furnish 
a steady supply of neutrons within the 
core. We have seen that all nuclei, even 
iron, readily capture neutrons. Here, 
then, is the mechanism that breaks the 
iron bottleneck. By successive captures 
of neutrons, nuclei can be built up from 
the iron group to elements as heavy as 
lead and bismuth. The slow neutron
capture process in the core of a star can
not carry the build-up beyond bismuth, 
because the heavier elements decay too 
rapidly (by emitting alpha particles, or 
helium nuclei). However, the heavy 
elements can capture neutrons at a suffi
ciently rapid rate to continue the chain 
during an explosion of a star. 

That the stars do in fact synthesize 
heavy elements has been confirmed by 
considerable evidence, some of it spec
tacular. The most dramatic was the dis
covery of the element technetium in cer
tain giant stars (through its spectral 
fingerprints). Technetium is an unstable 
element whose longest-lived known 
isotope has a half-life of only 2 16,000 
years-far less than the age of the stars 
in which it is found. It must therefore 
have been made in the star long after 
the star's birth. As for the synthesis of 
the heaviest elements, an isotope of the 
element californium was found in the 
debris from a thermonuclear explosion 
in the Bikini tests of 1952, and we have 
seen an intriguing suggestion of its 
presence in certain supernovae. After 
their original flare-up, these exploding 
stars decline in brightness at a rate 
which corresponds to a half-life (decline 
to half the intensity) of 55 days, and this 
is just the half-life of spontaneous fission 
of californium 254! 

Research in our own and other labora
tories has now established possible 
processes for synthesis of all the ele
ments [see opposite page J. Of course 
this scheme is still highly tentative. It 
is disconcerting that so many different 
processes have to be invoked; it would 
be much more satisfying to see a single 
process that could build all the elements. 
The picture may, however, become sim
pler as more research is done. What 
particularly gratifies workers in this field 
is that speculation about the origin of the 
elements has been reduced to questions 
specific enough to be tested both by nu
clear physicists in the laboratory and by 
astrophysicists studying the stars. 

There is food for philosophical 
thought in what has been learned 

so far. The heavy elements, of which 
our solar system has its full share, took 
a long time to produce-probably one 
to two billion years. Thus the particular 
part of the universe we inhabit is not 
the oldest thing in it; many cosmic 
events preceded the formation of the 
earth. The oldest stars in our galaxy are 
estimated to have an age of 6.5 billion 
years, while analyses of meteorites indi
cate that the solar system is no more 
than 4.5 billion years old. 

Copernicus displaced the center of 
the universe from the earth to the sun; 
later cosmologists dethroned the solar 
system as the center; now we see that 
our system was not even in existence at 
the beginning of the galaxy. So dies the 
last vestige of mankind's geocentric 
conception of the universe. 
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The Content of Galaxies 

The discovery that there are two populations of stars illuminates 

the history of galaxies. Population II stars are old; Population 

I stars are still being born in the dusty arms of spiral galaxies 

D
uring the last 30 years, ever since 

the discovery of the apparent ex
pansion of the universe, studies 

of our cosmos have been dominated by 
the cosmological approach: the attempt 
to understand the structure of the uni
verse in terms of the geometry of space 
and to estimate its age- from its expan
sion. But as William A. Fowler has made 
clear in the preceding article, we can 
also explore these questions by studying 
the matter the universe contains. After 
all, the long history of the universe must 
have left its marks on the material we 
now observe, and we should be able to 
obtain information about this history
specifically the formation of stars and 
galaxies-by examining the composition 
of these systems. Within the past 10 
years we have come to realize that there 
is an intimate relation between the struc
ture of a galaxy and the character of its 
population of stars, a relationship which 
gives a clue to the origin of stars and to 
the evolution of galaxies. 

In order to appreciate the significance 
of this relationship we must first have a 
brief look at the forms of galaxies and 
their classificati.on. This classification 
was established by the late Edwin P. 
Hubble of the Mount Wilson and 
Palomar Observatories. Hubble showed 
that the galaxies can be divided into 
three broad groups. The first comprises 
systems which are spherical or nearly 

GREAT NEBULA in Andromeda is a spiral 

galaxy of much the same size and type as 

our own. The spiral is viewed at a shallow 

angle to its central plane. Above and below 

the galaxy in this 48·inch Schmidt·telescope 

photograph are two much smaller satellite 

galaxies of the elliptical type (see arti· 

cle on the evolution of galaxies, page 100). 

by Walter Baade 

spherical in shape and are filled with 
stars, apparently packed densely at the 
center of the galaxy and gradually thin
ning out to the edge of the system. These 
galaxies range in shape from truly spher
ical to ellipsoidal forms. Because their 
projection on a photographic plate usual
ly has an elliptical outline, Hubble called 
this group the "elliptical" galaxies. 
About 17 per cent of all the brighter 
galaxies observed fall in this class. 

The second class, comprising the ma
jority of the galaxies studied (about 80 
per cent) , have a spheroidal body at the 
center, but in them a flat disk surrounds 
the central body. Spectroscopic observa
tions show clearly that the disk rotates 
rapidly around the axis of the system. 
Because the disk usually contains spiral 
arms, this group are called spiral galax
ies. Hubble distinguished three subclass
es among the spiral galaxies: the so
called Sa spirals, in which the spheroidal 
body is so large that it almost envelops 
the outer disk; the Sb spirals, in which 
the central system is considerably small
er than the disk; and the Sc spirals, in 
which the central body has shrunk to a 
bright kernel of almost insignificant size. 
A peculiar type among the spiral galax
ies are the so-called ''barred'' spirals, in 
which the disk has degenerated into a 
broad bar running through the center, 
the spiral arms emanating from the two 
ends of the bar. 

The third class are the irregular gal
axies, which show no recognizable form 
or order, except that most of them seem 
to be flattened. The Clouds of Magellan 
are typical examples of this class. Only 
2 to 3 per cent of the galaxies belong to 
the irregular group. 

Hubble made an extensive photo
graphic survey of all the galaxies in the 
Northern Hemisphere above a certain 
brightness, and two important internal 

differences between spiral and elliptical 
galaxies emerged. One was the fact that 
the spiral galaxies as a rule contain large 
quantities of dust, whereas the elliptical 
systems rarely do. We shall consider the 
significance of this observation later. 
The second observation, which became 
the starting point for a long and fruitful 
investigation, was that while the spiral 
galaxies were easily identifiable as col
lections of stars, not a single elliptical 
galaxy could be resolved into individual 
stars! 

I 
ntensive studies were made of the gal-
-axies closest to our own. The Milky 

Way system is a member of a cluster of 
17 galaxies concentrated within a radius 
of about one million light-years; outside 
this cluster we have to travel eight mil
lion years before we encounter the next 
spiral galaxy. Nearly all types of galaxies 
are represented in our local group. For 
illustration let us consider a set of exam
ples of different types which are all at 
nearly the same distance from us. An ir
regular galaxy (IC 1613) and an open, 
Sc spiral (NGC 598) proved to be easily 
resolvable into stars throughout their ex
tent; in fact, even a 20-inch telescope re
solved the brightest stars in these galax
ies. The case of the Great Nebula in 
Andromeda, a spiral of the Sb type 
(with a large central spheroid) , was 
quite different. Only the spiral arms of 
this galaxy were resolvable: in the cen
tral body and the regions between the 
spiral arms no individual objects could 
be distinguished. Finally, the galaxies of 
the elliptical type, the two companions 
of the Andromeda Nebula, were not re
solvable at all, in spite of repeated at
tempts to force their resolution. 

What did these findings mean? Evi
dently, if the unresolved systems were 
made up of stars, these stars were too 

93 

© 1956 SCIENTIFIC AMERICAN, INC



STELLAR POPULATIONS are contrasted in these two photo

graphs of the spiral galaxy NGC 4594, which we see edge on. The 

photograph at top, made with a red filter, suppresses the bright blue 

stars in the disk of the galaxy and brings out the red PopuTation II 
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stars which are concentrated around and in the roughly spherical 

nucleus. The photograph below, made with a blue filter, reduces 

the brightness of the nucleus and brings out the light of the blue 

stars formed in the dust and gas that obscure the edge of the disk. 
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faint to be distinguishable individually 
by our most powerful telescope at that 
time-the 100-inch on Mount Wilson. 
This meant that any stars in the unre
solved parts of the Andromeda Nebula, 
for example, must be at least 100 times 
fainter than the brightest stars in its 
spiral arms. Now there were a number 
of good reasons to believe that the cen
tral part of the Andromeda Nebula was 
made up of stars. One of them was the 
fact that novae, known to signal the ex
plosion of stars, occur in the central 
region of that galaxy. What kind of stars 
might be hidden there? The only clue 
at the time was that they are at least 
100 times fainter than the brightest stars 
in the spiral arms of the Andromeda 
Nebula. It was possible to determine 
the intrinsic, or absolute, brightness of 
those stars, because the Nebula's dis
tance from us was known. It turned 
out that the Andromeda Nebula's bright
est stars are of the same luminosity as 
the brightest stars in the surroundings 
of our sun. Like the brightest stars in 
the neighborhood of the sun, they are 
very blue stars. In short, the stellar pop
ulation of the spiral arms of the Androm
eda Nebula is very similar to the popu
lation of stars around us. 

All this was well known by the early 
1940s. It left the stellar populations of 
the elliptical galaxies and of the central 
bodies of the spiral galaxies as mysteri
ous as ever. Only this much was clear: 
the stars were fainter than the faintest 
objects the 100-inch telescope was then 
capable of recording. Obviously the 
problem had to wait until the 200-inch 
telescope came into operation. 

W
hen the outbreak of the Second 
World War postponed the comple

tion of the 200-inch telescope indefinite
ly, I decided to try once more at the 
100-inch. I knew it would call for every 
trick of the game. But wartime condi
tions brought certain advantages: I 
could get all the time at the telescope I 

wanted and could thus wait for good 
observing conditions, and the blackout 
of the Los Angeles valley restored the 
dark night sky of the early Mount Wilson 
days and made it possible to utilize the 
high sensitivity of modern photographic 
plates. 

The new attempts to resolve the cen
tral region of the Andromeda Nebula 
began in the fall of 1943 on blue-sensi
tive plates of high speed. In the very 
last plate of this trial run we found un
mistakable signs of a beginning of 
resolution. No stars had yet emerged, 
but the formerly smooth appearance of 

the unresolved area had broken up into 
a curious patchiness. (As we learned 
later, this reflected small-scale fluctua
tions of the underlying star field.) 

No further gains could be expected 
from blue plates, because they had al
ready been exploited to the limit of their 
sensitivity. The only alternative was to 
use red-sensitive plates, whose speed 
had been improved, and long exposures. 
No marked gain could be expected from 
the red plates unless the brightest stars 
in the unresolved systems were red, but 
luckily one could predict that they must 
be red indeed. Photoelectric measures 
had shown that the elliptical galaxies 
and the central systems of spirals are 
distinctly reddish in color. 

The exposure time necessary to force 
the resolution of our systems turned out 
to be four hours. At this point a new 
difficulty arose. In four hours the focus 
of the 100-inch telescope may change by 
a millimeter or more because of the 
cooling of the secondary mirror, which 
is exposed to the cold night air. But it 
was absolutely essential to stay within 
one tenth of a millimeter of the actual 
focus, because the star images were cer
tain to be extremely close together. 
Therefore a method had to be devised to 
adjust to the focus changes with the 
prescribed accuracy. Such a method was 
perfected, and in the fall of 1944 every
thing was ready for the final attack. 

The new campaign was a complete 

GREAT GLOBULAR CLUSTER Omega Centauri was photographed with the 33·inch 
Baker-Schmidt telescope at the Boyden Station near Bloemfontein, South Africa. Globular 
clusters contain Population II stars and are spherically distributed around center of galaxy. 
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success. It led in rapid succession to the 
resolution of the Andromeda Nebula, of 
its two companions (the elliptical sys
tems M 32 and NeC 205) and of the 
elliptical galaxies NeC 147 and NeC 
185. There could not be the slightest 
doubt that real resolution into stars 

had been achieved. Comparison of dif
ferent plates of the same system 
showed that for each star present on 
one plate there was a corresponding 
stellar image on the other. And indeed, 
in the elliptical galaxy NeC 205 we 
actually identified some variable stars 

(later confirmed with the 200-inch). 
What kind of star population emerged 

on the plates? The brightest stars in the 
newly resolved systems turned out to 
be red giants of the same kind as the 
brightest stars in globular clusters in our 
galaxy. Exhaustive analysis of several 

POPULATION II STARS IN OUR GALAXY are shown in this 48-

inch Schmidt photograph of the Milky Way in Sagittarins. The pic-

ture indicates the density of stars in the central plain of our galaxy 
and suggests the difficulty of resolving them in other galaxies. 
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kinds of evidence made this certain. 
Furthermore, the elliptical galaxies were 
found to share another distinctive fea
ture of the globular clusters: they con
tain many short-period Cepheid varia
ble stars. 

Thus it was clear that elliptical galax-

ies and the central bodies of spiral sys
tems have the same general stellar make
up as globular clusters. Their stars are 
quite different from those in the neigh
borhood of our sun and in spiral arms. 
The latter form a sequence whose bright
est stars are blue supergiants; the stars 

of the globular clusters and elliptical 
systems are of a class whose brightest 
members are red giants. The stars mak
ing up the contrasting systems could 
therefore be distinguished into two dif
ferent populations. They were named 
Population I (as in spiral arms) and 

POPULATION II STARS IN ANDROMEDA NEBULA are re
solved in this 200·inch telescope photograph. The brighter round 

objects and those surrounded by four spikes are stars within our 
own galaxy. Nucleus of the Andromeda Nebula is toward the left. 
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EMISSION NEBULOSITY Eta Carinae was photographed with the 33·inch Baker·Schmidt 
at Boyden Station. Within this object in our own galaxy is a bright star of Population I. 

Population II (as in globular clusters) . 
Obviously all elliptical galaxies are 

pure Population II systems. In spirals 
with central spheroidal systems, both 
populations are present-Population I in 
the spiral arms, Population II in the cen
tral body. In spirals without a large cen
tral core and in irregular systems the 
splash of Population I is so overwhelm
ing that the much less conspicuous 
Population II is easily obliterated. For 
a while it was believed, indeed, that 
the irregular Clouds of Magellan were 
pure type I systems, but short·period 
Cepheid variable stars and novae (both 
Population II types) were found in 
them. There is strong evidence that all 
galaxies have at least some Population II. 

What is this rather inconspicuous but 
obviously ever-present Population II? 
The answer is: a population of very 
old stars, in fact the very oldest of 
which we have any knowledge so far. 
They are known to be about five billion 
years old. 

When I examined the first red ex
posure of the Andromeda Nebula that 
resolved the central region, I was very 
surprised to discover two large clouds 
of luminous gas in a spiral arm which 
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happened to cross the field. I had 
previously photographed the same 
region on blue-sensitive plates, and those 
plates had not shown the clouds. More
over, Hubble, in his earlier survey with 
blue-sensitive plates, had been unable to 
find a single lumidous nebulosity in the 
whole Andromeda Nebula! Obviously 
blue plates simply fail to detect these 
objects (called "emission nebulosities") , 
while red-sensitive plates do. To get a 

clearer picture of the situation I made a 
new survey of the Andromeda Nebula on 
both red and blue plates. The result was 
the discovery of nearly 700 emission 
nebulosities on the red-sensitive plates. 
They show a most striking arrange
ment-strung out like pearls along the 
spiral arms. This restriction to the 
arms is not surprising, because such a 
nebulosity must be excited by a hot star 
of the Population I type, and these stars 
occur, as we know, only in the spiral 
arms. 

The survey confirmed that blue plates 
register these luminous clouds only 
faintly if at all. At the same time N. U. 

Mayall of the Lick Observatory showed 
by analysis of the clouds' spectra that 
they emit exactly the same kind of light 

as do luminous clouds in our own galaxy. 
There was only one explanation: name
ly, that the blue part of the light from 
these clouds in the Andromeda Nebula 
was heavily absorbed by dust in the 
Nebula. Dark lanes along its spiral arms 
confirm the high density of dust in the 
arms. On the other hand, there is good 
evidence that outside the arms the dens· 
ity of the dust is much lower. The An
dromeda Nebula is surrounded by more 
than 200 globular clusters. If it were 
filled with dust throughout, light coming 
to us from clusters on the farther side of 
the Nebula would be heavily reddened. 
No reddening comparable to that in the 
emission nebulosities has been found in 
these clusters. The few heavily red
dened globular clusters found in the 
Andromeda Nebula are located in the 
spiral arms. 

Altogether there are good reasons to 
believe that the most basic feature of the 
structure of spiral galaxies is the dust 
and gas in their arms, and that the Popu
lation I stars represent a secondary phe
nomenon. To put it differently: it is the 
dust that makes the stars, and not vice 

versa. The nuclear processes responsible 
for the energy of stars offer a very cogent 
argument in favor of this conclusion. 
The hot stars of the spiral arms burn 
their fuel so fast that their lifetime hard
ly can exceed 50 to 100 million years. 
The continued presence of such stars in 
spirals wherever we look means that 
burned-out stars must be continuously 
replaced by new ones. During the last 
few years investigation of the so-called 
"stellar associations" of our own galaxy 
has made us acquaintlid with whole 
groups of young stars barely older than 
a few tens of millions of years. All are 
typical Population I stars. There cannot 
be the slightest doubt that all Popula
tion I stars are young stars, cosmically 
speaking. 

We are now able to outline in bold 
strokes at least a part of the history of 
the galaxies. Some five billion years ago 
there was a big burst of star formation 
in all galaxies. In the spheroidal galaxies, 
which rotate slowly, apparently all the 
available dust and gas were formed into 
stars at that time, for we find in them 
today only old (Population II) stars. 
(That their supply of dust and gas is 
largely exhausted is documented by 
Hubble's finding that cosmic dust is ex· 
ceedingly rare in elliptical galaxies.) In 
all rapidly rotating systems, which had 
flattened into disks, only part of the dust 
and gas was converted into stars. The 
remaining part formed the spiral struc
ture of the disk and has produced stars 
ever since. 
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EMISSION NEBULOSITIES in the Andromeda Nebula appear in 
this photograph made with the IOO.inch.telescope on Mount Wilson. 

The nebulosities are fuzzy objects about an eighth of an inch across. 

Three are near the right edge of the picture halfway from the top. 
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IRREGULAR GALAXY is represented by the Large Cloud of Ma

gellan_ This galaxy is one of the two. nearest our own; the other is 
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the Small Cloud of Magellan. The photograph was made with a 

wide-field lO-inch telescope at the Boyden Station in South Africa. 
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The Evolution of Galaxies 

They ha()e ()arious forms: irregular, elliptical, spiral and barred 

spiral. The study of these structures, including that of our own 

galaxy, has led to a theory of their descent from a primordial gas 

S
urveying the galaxies in the heav

ens, astronomers in the past couple 
of centuries have been in a position 

like that of a lookout watching the ap
proach of an armada of strange objects. 
The objects came into view first as dim, 
fuzzy forms ("nebulae"). As more 
powerful telescopes brought them 
closer and closer, they were identified 
as collections of stars, then distinguished 
into systems of varied shapes and types; 
today we can resolve the details of in
ternal structure in many of them. With 
this clearer view of other galaxies, man 
has acquired a new perspective on the 
galaxy in which he lives-the Milky 
Way-and can begin to speculate intel
ligently about the origin and evolution 
of galaxies in general. 

Several thousand galaxies (of the 
billion or so visible with present tele
scopes) are close enough to show de
tails of their structure. They vary widely 
in shape and texture. At one extreme are 
chaotic, mottled-looking systems which 
have been named "irregular" galaxies; 
at the other are perfectly smooth, sym
metrical systems called "elliptical gal
axies." Between these extremes is a great 
variety of systems not entirely regular 
and yet not quite chaotic; most of them, 
including our own Milky Way, have a 
spiral structure with wide-flung arms en
Circling the central nucleus of the gal
axy. The majority of galaxies examined 
are spirals. Elliptical systems make up 
roughly 20 per cent of the total and 
the irregular systems comprise some 2 
or 3 per cent. 

On its face, this general picture sug
gests that the evolution of galaxies may 
proceed from the irregular through the 
various spiral types to the smooth, el
liptical form as the final stage. But when 
we look at the picture in detail it be
comes difficult to see how the spiral 

by Jan H. Oort 

systems could evolve to the regular, 
more or less globular shape of the el
liptical galaxies. This article will present 
a theory attempting to explain the evo
lution of spiral and elliptical galaxies. 

The spiral galaxies are particularly 
intriguing, for a number of reasons. We 

shall consider their structure in detail, 
with the help of the accompanying pho
tographs illustrating their varying fea
tures and forms. Galaxies are usually 
identified by number, prefaced by ini
tials for the source from which they got 
their names. The brightest have the ini-

ELLIPTICAL GALAXY NGC 4621 was photographed with the 200·inch telescope. Ellipti
cal galaxies are characterized by their symmetrical mass of stars and lack of dust and gas. 
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SPIRAL GALAXIES are shown more or less face·on in the four photo· 

graphs at the top of these two pages. At left is NGC 7217, a galaxy of 

Type Sa: spirals with tightly wound arms. Second from left 

is NGC 3031, a galaxy of Type Sb: spirals with less tightly 

tial M (e.g., M 51) for Charles Messier, 
the French astronomer who listed the 
103 brightest nebulae in 1784; many of 
the fainter ones are designated by 
NGC, for the New General Catalogue of 
the Danish astronomer John L. E. 
Dreyer, which was based largely on dis
coveries of nebulae by the 18th- and 
19th-century English observers William 

and John Herschel-father and son-who 
pioneered the study of galaxies. 

The spirals take many forms. Some 
have two principal arms, stemming 

from opposite sides of the core of the 
galaxy [see photographs above]. Some
times the galaxy has a large, smooth cen
tral mass; like an elliptical galaxy, with 

spiral arms wound tightly around it. 
About 30 per cent of the spiral systems 
are so-called "barred spirals"-forma
tions of bars across the central region 
with spiral arms projecting from their 
ends in various circular or open forms. 

Practically all the spiral galaxies 
possess an important feature in com
mon: they have a flat, wheel-like shape 

SPIRAL GALAXIES PHOTOGRAPHED EDGE ON reveal their 

characteristic thin cross·section and central disk of dust and gas. 
This obscuring material is responsible for tbe dark lane against the 

bright background of stars in the two galaxies at the bottom of 
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wound arms. Third is NGC 5194, a galaxy of Type Sc: spirals 

with still more loosely wound arms. The blob at the bottom of 

this picture is actually NGC 5195, a companion of the larger galaxy. 

Fourth is NGC 598, another galaxy of Type Sc with arms more open. 

and the arms lie in this plane. This flat
ness is clearly evident in spiral systems 
that we see edge on [see below]. The 
most striking example of all is our own 
galaxy: it is a disk some 80,000 light
years in diameter from edge to edge but 
only about one hundredth of that dis
tance in thickness. 

The spiral galaxies have another com-

mon characteristic. Like the irregular 
galaxies (but unlike the elliptical ones) 
they all have great clouds of gas. Their 
spiral arms show bright patches that 
can be identified as luminous gas; be
sides this we can detect many clouds 
which, though cool and invisible, be
tray their presence because they contain 
dust and block light. Dark bands and 

'. 

streaks defining such clouds appear in 
spiral galaxies seen edge on and along 
the arms of spirals seen face on [see 
photographs below and picture of the 
Milky Way on page 106]. 

During the past four years the clouds 
of gas in our own galaxy have been 
mapped from our station in the Nether
lands by means of radio receivers trac-

these two pages. At left is NGC 4565, a galaxy of Type Sb (see 
photographs at top of pages). At right is NGC 891, a galaxy of 

Type Sc. In the latter type the disk is less regular. All the photo

graphs on these two pages were made with the 200·inch telescope. 
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BARRED·SPIRAL GALAXIES were also photographed with the 

200·inch. At the top is NGC 1398, a galaxy of Type SBa: a barred 
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spiral with tightly wound arms. At the bottom is NGC 1300, a 

galaxy of Type SBb: a barred spiral with less tightly wound arms. 
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ing the 21-centimeter radiation from 
hydrogen gas in the clouds [bottom of 
page 107]. Most of the clouds are con
fined to a thin, flat section along the cen
tral plane of the Milky Way; in fact, the 
faint luminescence of the Milky Way 
comes from distant star clouds in this 
thin layer. As the map shows, the gas is 
not spread evenly throughout the plane 
but rather is concentrated in long lanes. 
There cannot be much doubt that these 
lanes define spiral arms, such as we see 
in other galaxies. The spacing between 
the lanes (roughly 6,000 light-years) is 
a measure of how tightly the spiral arms 
are wound around the core of the galaxy. 

These observations confirm what 
studies of other galaxies have led us to 
suspect: namely, that the interstellar gas 
in spiral systems is largely concentrated 
in the arms. The radio measurements al
so tell us a good deal more. They prove 
that the galaxy is rotating around its cen
ter, and that the arms are trailing. And 
from the Doppler effect on the wave
length of the 21-centimeter radiation 
we can calculate the speed of rotation 
of different parts of our system. It turns 
out that the galaxy is not turning uni
formly around the center. Our own solar 
system and its neighbors, for instance, 
take about 230 million years to make a 

complete revolution around the center of 
the galaxy, but the stars and clouds near
er the hub (at half the distance from us 
to the center) travel around it in only 
120 million years. 

The measurements of speeds of motion 
in the galaxy give us important informa
tion on the dynamics of the system, 
which in turn has a crucial bearing on 
the galaxy's origin and evolution. The 
velocity of rotation indicates the 
strength of the centrifugal forces acting 
on the spiral arms. Since the centrifugal 
force must be balanced by gravitational 
force in any system that holds together, 
the rotational velocity also gives us a 
means of estimating the mass of the gal
axy as a whole and of its various parts. 
The total mass of our galaxy turns out to 
be 70 billion times that of the sun. Of 
this total about 94 per cent is accounted 
for by the stars and only about 6 per cent 
by the interstellar gas. 

The arms of the spiral galaxies have 
always been a major enigma. How 

can they keep their form and structure 
as the galaxy whirls rapidly in space? 
One would suppose that the shearing ef
fect due to the differing rates of rotation 
of different parts of the galaxy, as well 
as internal motions within the arms 
themselves, would wipe out the arms be-

UNUSUAL GALAXIES of Type SO have the outline of spirals but no dust and gas. At the 

top is NGC 1553, photographed with the 74·inch reflecting telescope in Pretoria, South 

Africa. Second and third from top are NGC 2859 and 4762, photographed with the 200·inch. 
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fore the galaxy had made many revolu
tions. 

It seems unlikely that gravitational 
attraction alone could form an immense, 
tenuous arm of this kind or hold it to
gether. To explain the existence of the 
spiral arms we must look to other forces, 
and, as we shall see, these forces involve 
the clouds of gas in the arms. 

There is another striking feature of 

the structure of spiral galaxies that must 
be explained by any theory of their 
origin and history. As Walter Baade has 
explained in the preceding article [page 
92], spiral galaxies are made up of two 
types or "populations" of stars: Pop
ulation I consists of supergiant blue 
stars and gas clouds; Population II is 
distinguished by red giant stars and 
contains little gas. Now these popula-

tions have very different distributions I 
in the galaxy. Population I is concen
h·ated within a thin, flat disk extending 
over the plane of the galaxy. Stars and 
clusters of the Population II type, on the! 
other hand, have an almost spherical dis- I 

tribution in the galaxy and are strongly 
concentrated toward the center [see
page 103]. There are classes of Popula
tion II stars which, like Population I, are 

SOUTHERN MILKY WAY was photographed with a special 

Yerkes Observatory camera which covers 140 degrees of the sky 

in one exposure. The dark lane running down the middle of the 

bright area strikingly resembles those in the photographs of spiral 

galaxies at the bottom of pages 102 and 103. In short, the photograph 

shows our own spiral galaxy from the edge! Although the sun and 

the earth are about two thirds of the way from the center of the 

galaxy to the edge, a wide·angle camera pointed toward the center 

views it much as it might be seen from extragalactic space. This 

photograph was made with an emulsion sensitive to infrared radia· 

tion in order to penetrate nearby interstellar dust clouds. The dark 

spokes in the picture are the supports of a camera which photo

graphs the image of the sky in a concave mirror. The photograph 

was made by A. D. Code and T. E. Houck of Washburn Observatory. 
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found only within a flat disk in the plane 
of the galaxy (we call them "disk Popu
lation II"), but these stars, unlike the 
irregular Population I, have a smooth 
distribution and are densely concen-

+
'
10 

trated around the center. 
How are we to explain this curious 

coexistence of different populations, dis
tributed in very different patterns, with-
in a galaxy? This question, and the 
others we have already considered, can 
be answered if we postulate the follow-
ing theory of the origin of the various 
types of galaxies. 

�t us suppose that the universe con-
sisted at first of a thin, expanding 

gas, denser in some places than in others. 
At a certain stage in the expansion of 
the universe the internal gravitational 
force in some of the denser regions ap
paJ'ently became sufficient to overcome 
the velocity of expansion with which all 
matter had been endowed from the be
ginning. These aggregations of matter 
detached themselves from the rest of the 
universe, began to develop as independ
ent units ("protogalaxies") and thus set 
off on the road to becoming galaxies. 
The protogalaxy was an irregular mass 
with large-scale random internal mo
tions (as well as smaller turbulences); 
but for our lump of universe to stay to
gether, the gravitational pull of the 
whole lump on its separate parts had to 
be strong enough to overcome the 
original relative velocities. After a time 
the mass of gas started to contract under 
the influence of this gravitation. As the 
gas currents collided and intermingled, 
some of their energy of motion was con
verted to heat, which was radiated 
away. The slowing of the gas's motions 
made it possible for the system to con
tract further, and at the same time to 
even out its irregular shape. 

If these processes of contraction and 
loss of energy through radiation had 
continued indefinitely, our protogalaxy 
might have ended up as a small and very 
dense mass of gas. But two factors set a 
limit to the contraction. First, some of 
the 'denser lumps of matter within the 
mass contracted more rapidly than the 
rest and condensed into stars. Tl1e birth 
of stars put an end to contraction, be
cause the stars, being much smaller than 
gas currents or clouds, no longer had 
much chance of colliding and losing 
energy of motion. The second limit on 
contraction would develop from rotation 
of the system. A system formed in the 
way we have described would inevita
bly start rotating as a result of the inter
mingling of currents in the original gas-

+5 
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EDGE·ON DIAGRAM of our galaxy locates the sun in the small circle at left. The con

tours roughly indicate the space density of stars in terms of the density near the sun. The 

thin gl'3y line represents dust and gas. The dots are globular clusters of old stars projected 

in the plane of the page. The scales are in kilo parsecs. One kilo parsec is 3,260 light·years. 

PARTIAL FACE·ON DIAGRAM of the galaxy is based on 21-centimeter radio waves emit

ted by interstellar hydrogen. The light areas trace the hydrogen and thus the spiral arms. 
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SPIRAL GALAXY MAY EVOLVE accord· 

ing to this scheme. In the beginning was a 

thin, expanding gas. A proto galaxy broke 

away from it and began to rotate (top). A 

few stars (black dots) may have condensed 

out of the gas at this point. As the proto· 

galaxy rotated faster, it flattened out, leav· 

ing the old stars behind (middle). It finally 

flattens into a thin disk (bottom), out of 

which hot new stars condense (colored 
dots). The old stars, notably red giants, 

are Population II. The new stars, many of 

which are blue giants, are Population 1. 
The size of the stars is greatly exaggerated. 
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as an eddy forms when currents of water 
meet. Now as the system contracted, its 
rotation would speed up through the 
conservation of angular momentum 
(just as a whirling skater turns faster 
when he pulls in his arms). The increase 
in rotational velocity would increase the 
centrifugal force. Eventually, when the 
centrifugal force came to equal the 
gravitational attraction, the system 
would cease its contraction in the plane 
of rotation. However, in the plane per
pendicular to this (i.e., the plane 
through the poles of the spinning sys
tern) contraction would continue. Thus 
we would end up with a disk-shaped 
galaxy. 

We can now see an explanation of the 
great differences between the disk
shaped spiral galaxies and the more 
globular elliptic galaxies. A proto galaxy 
which started with considerable rotation 
(high angular momentum) would spin 
out to a disk shape and, because its 
contraction in the plane of rotation 
was severely limited, would never be
come very dense and would be left 
with a great deal of uncondensed gas, 
especially in its outer parts. On the 
other hand, a system that started with 
little rotational momentum could con
tract far more in the plane of ro
tation; thus it could become extreme
ly dense and ultimately might condense 
almost completely into stars, forming 
a smooth, dense ball-i.e., an elliptical 
galaxy. 

We can also understand the two
population structure of our own galaxy. 
The Population II stars and globular 
clusters of stars must have been born in 
the earliest stages of the proto galaxy's 
evolution; they may even have been in 
existence before the proto galaxy de
tached itself as a separate system. This 
swarm of stars could not contract to a 
disk. In the course of time the originally 
chaotic swarm became a regular, spheri
cal group, concentrated toward the 
center. In the disk part of our galaxy, 
on the other hand, stars condensed 
only after the disk itself had been 
formed by the contraction and flatten
ing of the gas clouds. The earliest 
stars formed in the disk are now so 
old that we identify them as of the 
Population II type (disk Population II). 
In the huge, more or less homogeneous 
disk of gas that remained, the younger 
Population I stars were formed as time 
went on and are still being born at the 
present time. 

We are still left with the problem of 
accounting for the spiral arms. Some 
have suggested that the arms developed 

from close encounters between galaxies, 
which drew out the long arms by tidal 
force. However, such encounters are too 
rare now to account for all the spiral 
systems we see, and even if we assume 
that they occurred frequently in an 
early stage of' the universe, there are 
serious objections to this theory. One 
thing is clear: the spiral structure de
pends on some property of the inter
stellar gas-without clouds of gas there 
can be no spiral arms. This has been 
interestingly confirmed by the observa
tion of Baade and Lyman Spitzer, Jr., 
that spiral systems are rare in dense 
clusters of galaxies. Presumably the 
galaxies in such clusters interpenetrate 
one another occasionally, and in so do
ing remove the gas [see follOWing arti
cle, page 125]. 

The answer to the enigma of the 
spirals probably will come from more 
thorough study of the spiral arms in Our 
own galaxy, which have just begun to 
be explored. They have ah'eady pre
sented us with some new and difficult 
questions. One of the most challenging 
has to do with the fact that at a point 
halfway between us and the center of 
the galaxy the arms are rotating around 
the center with about twice the speed 
of their rotation in our neighborhood, 
out near the galaxy's rim. This differen
tial rotation should be winding the arms 
more and more tightly around the core, 
and it can be calculated that under such 
conditions spiral arms could not survive 
for more than a few hundred million 
years. In view of the fact that a majority 
of the galaxies we observe are spirals, 
the spiral structure must have a longer 
duration than this small fraction of the 
lifetime of a galaxy. We can only sup
pose that some compensating process is 
at work building up the arms while the 
rotation pulls them in. Perhaps one side 
of an arm collects material while the 
other side evaporates it, so that the 
arm holds a constant position. Calcula
tions indicate that the arms may be 
maintained in this way by the same 
mechanism thought to be responsible 
for the internal motions in interstellar 
gas. 

The new view of the origin of the 
galaxies gives us, among other 

things, a new perspective on the condi
tions existing in the universe when the 
galaxies were first formed. It should 
enable us to deduce, from the present 
nature and behavior of the galaxies, 
something about the density and mo
tions of the matter in the universe at that 
far-off epoch. 
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____ Kodak reports to laboratories on: 
how far we've come from camphor ... a small chance of opening a tremendous door ••• 

a better chance of getting through to the besieged brain ... coloring a mental image 

Soft vinyl, soft arteries 
At this year's National Plastics Ex
hibition we exhibited the latest 
triumph in the continuing effort to 
find something more elegant than 
burning to do to the hydrocarbon 
gases that issue from holes drilled 
in the ground. Perhaps an impor
tant new direction has been given to 
plasticizers, substances that make 
plastics plastic. 

The new twist is a practical plasti
cizer that is itself a high polymer 
(molecular weight about 12(0). To 
him who first cries "So what?" we 
retort that our new polyester of a 
dibasic acid with neopentyl glycol 
(a trivial name for 2,2-dimethylpen
tane-l,3-diol, made by condensing 
formaldehyde with isobutyralde
hyde from our Texas petrochemical 
operations) resists hydrolysis and 
stays put in vinyl films, come 
weather, aggressive hydrocarbons, 
or soapy water; that with no auxili
ary plasticizer it keeps vinyl sheet 
palely clear and softly flexible, even 
at low temperature; and that it"mills 
in" rapidly during compounding 
with vinyl resins. 

Eastman Polymeric Plasticizer NP-
10 it is designated. Samples, data, and 
quotations are available from Eastman 
Chemical Products, Inc., Kingsport, 
Tenn. (Subsidiary of Eastman Kodak 
Company). To come up with something 
like this is a comfort because it suggests 
that a corporation can attain venerabil
ity in a /ield, unaccompanied by harden
ing of the arteries. More than 70 years 
ago, when we became involved in an at
tempt-successful-to extend photog
raphy from plates and paper to /ilm, 
nitrocellulose was the only plastic and 
camphor was its plasticizer. 

Little black tracks 
In an article, "The Tracks of Nu
clear Particles," Scientific American 
a few months ago sketched the val
iant attempts of the world's physi
cists to plumb the cosmic meaning 
of the microscopic tracks left in 
photographic emulsions by nucle
ons, leptons, mesons, and hyperons. 
The reader was assumed without 
background in the subject but 
blessed with a vigorous, inquiring 
mind. As parent or teacher,you may 
know some youngster for whom this 
article might open a tremendous 
door. Small as the chance is, we 
have thought it worth while to buy 
reprints to give away. One may be 

obtained from Eastman Kodak 
Company, Special Sensitized Goods 
Division, Rochester 4, N. Y. 

Movies with comment 
As between 55 pages of typescript 
to detail the progress on a certain 
project for last month and six 
minutes of Kodachrome movies to 
do the same, which has the better 
chance of getting through to the 
besieged brain? 

Since you can't say everything 
without words and since you have 
to be quite rich to afford a full-dress 
sound movie that is looked at once 
or twice and filed for the record, 
you use a magnetically recorded 
commentary. At the time we proc
ess the film for your dealer (and you 
can, if you wish, specify us as your 
favorite processor of Kodachrome 
Film), we can lay down a Kodak 
Sonotrack Coating along the edge. 

While the Kodascope Magnetic-Op
tical Sound Projector shows the pic
ture, appropriate extending remarks 
are spoken into the microphone. 
Any remarks that seem less than 
appropriate when the projector 
plays them back with the picture 
have merely to be respoken. Auto
matically the boo-boo is wiped clean 
and replaced by wiser words. 

This projector we have just 
brought out now. We hadn't 
thought it wise to take anybody's 
money for such a machine until 
enough organizations had used our 
design without trouble and had 
liked the way it sounds. 

From Eastman Kodak Company, 
Cine-Kodak Equipment Sales, Roch
ester 4, N. Y., one may expect an honest 
attempt at collaboration on sensible pro
cedures for using inexpensive sound 
movies in technical communication and 
documentation. 

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 

"I have a photo here" 
You will find within the next couple 
of years that the mental image cre
ated by the word "photograph" will 
have altered. To think of a photo
graph as a piece of paper bearing a 
representation in tones of black, 
white, and grey will be like calling a 
man who flies an airplane an aviator 
or picturing a professor as bearded 
-perfectly proper but no longer 
general. The photographs that you 
file as records of work and observa
tions and the photographs you pull 
out of your billfold at postprandial 
bull sessions will, in general, be in 
full color. 

Here is what has been happening: 
1) This year a new Kodacolor Film 

came out. It is as sensitive as the 
popular variety of black-and-white 
snapshooting film used to be not so 
long ago. It works equally well for 
daylight and clear flash without fil
ters. It gives negatives from which 
can be made color prints and en
largements that you look at, not 
through. 

2) There is now a Kodak Color 
Print Material, Type C. Prints 
made on it from Kodacolor nega
tives have the same color quality as 
used to be obtained only through 
vastly more involved techniques. 

3) Processing chemicals for both 
the film and the print material are 
available in kits from all Kodak 
dealers. Quality of results tends to 
run commensurate with the degrees 
of care, zeal, and skill generated by 
the worker's needs or the hobbyist's 
self-fulfillment urge. 

-

4) The fellow who, during the 
Great Depression, had some "Films 
Developed, Printed, and Enlarged" 
signs printed and placed in drug 
stores around town no longer op
erates from his kitchen. For the 
convenience of those who would 
just as soon not do it themselves, 
he has gone into color. To compete 
on both quality and price he finds 
it wise to own Kodak Color Densi
tometers and the like. His plant 
manager comes to Rochester for 
brush-up courses. He has met and 
mastered a complex technology, 
and he is determined to convince 
you that its product has it all over 
the monochromatic view of things. 
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Coatings of "Solution 
Ceramics" provide a thin 
insulating film relatively inert 
and highly refractory with 
excellent resistance to 
thermal shock. 

They are obtained when 
thermal decomposition of 
atomized ceramic solutions is 
completed just as the residual 
particles strike the heated 
surface to be coated. Methods 
used depend upon the shape of 
the surfaces, its heat capacity 
and thermal conductivity. 
These processes were 
developed -by the technical 
staff of the Armour Research 
Foundation of Illinois 
Institute of Technology. 

RESULTS TO DATE 
Field development work, as 
per agreement with the 
Foundation, is being 
conducted by the field 
engineering staff of TAM. 
I?dus�ria� trials, to the present 
time, indIcate the most likely 
and advantageous uSes in the 
fields of electrical insulation 
inert casting, linings for 

' 

cartridge cases and as a plate 

J surface for lithographic 
reproduction. 

. .

.

. _ HOW TO OBTAIN . 
FURTHER INFORMATION I' Specific, technical or license ' 
information may be had upon ;. 
request to TAM's N.Y.C. 
offices. 

TITANIUM ALLOY MFG. DIVISION 

110 

NATIONAL LEAD COMPANY 
Executive and Sales O/fices: 

III Broadway, New York City 
GeneraIO/fices, 

Works and Research Laboratories: 
Niagara Falls, New York 

Nuclear Training Facilities 

A 
major problem in the develop
ment of atomic energy is a lack of 
properly trained scientists and 

engineers. Full-Hedged curriculums in 
nuclear engineering are extremely scarce; 
schools have neither qualified teachers 
nor adequate laboratory equipment. Cit
ing the "critical shortage" of personnel, 
the Atomic Energy Commission has 
asked that Congress authorize it to ar
range for the conduct or support of edu
cational activities. 

Only two universities now have oper
ating reactors, the Commission said. 
Very few have such other equipment as 
sub critical assemblies (simulated reac
tors which contain too little fissionable 
material to sustain a chain reaction), 
heat-transfer loops, metallurgical equip
ment suitable for working with uranium 
and thorium or "hot labs" for handling 
highly radioactive materials. "None have 
the complete facilities which we believe 
to be necessary adequately to train en
gineers in the atomic energy industry," 
the AEC concluded. 

The two universities that already have 
reactors are Pennsylvania State and 
North Carolina State. Before the end of 
this year, according to a recent survey 
by Chemical and Engineering News, 
there will also be reactors for research 
and training at the University of Michi
gan, Battelle Memorial Institute and the 
Armour Research Foundation. Next year 
two more will be finished at the Univer
sity of Buffalo and the Massachusetts In
stitute of Technology. The cost of these 
devices ranges from $300,000 to $2.4 
million. At least half a dozen other uni
versities have already announced plans 

SCIENCE AND 
to acquire reactors. Some of them may 
install an inexpensive unit developed at 
the Argonne National Laboratory. Called 
the "Argonaut" (Argonne Nuclear As
sembly for University Training), it will 
cost less than $100,000. 

A much more modest installation is 
represented by the $5,000 "pickle bar
rel" at New York University. It is simply 
a three-foot tank containing two tons of 
nahll'al uranium rods. This represents 
less than a critical amount of fissionable 
material. When supplied with neutrons 
from the outside, the device operates at 
a power level of one 300th of a watt. 

Also available are simulated reactor 
controls. Leeds & NOl'thrup makes a 
trainer which will mimic several types of 
reactors. Virginia Polytechnic Institute 
has bought the first one for $12,600. 

To encourage the expansion of nu
clear engineering education, the AEC 
has invited representatives of 150 col
leges and universities to a conference at 
Gatlinburg, Tenn., early this month. The 
presidents and deans of engineering of 
these schools will discuss recent develop
ments in the field and will hear about 
the Commission's educational and train
ing program. 

British View of Radiation 

T he British Medical Research Council 
released its own summary of radia

tion hazards simultaneously with the re
port of the National Academy of Sci
ences (see "Science and the Citizen," 
August). Although the two reports 
agreed in most details and reached vir
tually the same conclusions, public reac
tion in the two countries has differed 
considerably. 

Most U. S. commentators seemed re
assured by the Academy's estimate 
that the fallout of strontium 90 from 
weapons tests had added only a negligi
ble amount of radioactivity to the atmos
phere. The British press, on the other 
hand, was alarmed by the same figures. 

New Statesman and Nation declared 
this section of the report to be "the writ
ing on the wall. Statesmen will ignore it 
at our peril." The publication said the 
report shows that persistent weapons 
testing will "raise to a danger point the 
amount of radiostrontium stored in the 
world's atmosphere." 

The Times Weekly Review endorsed 
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THE CITIZEN 
the rationing of weapons testing but ex
pressed doubt that nations could reach 
agreement on the subject. "The danger 
is that rationing will always be sup
ported by the power that believes itself 
to be temporarily in the lead and op
posed by those which hope by the next 
experiments to catch up." 

The Economist took issue with Prime 
Minister Anthony Eden's decision to 
carry out next year's hydrogen bomb 
tests as scheduled. "Britain's aim seems 
to be to get its own series of tests over 
and done with before any rationing sys
tem enters into force. This sets a bad 
example to other countries and may well 
make it more difficult to reach an agree
ment." 

Ph.D. Production 

The National Research Council has 
ended a 10-year study with the pub

lication of a 158-page book which tells 
where U. S. scientists earned bachelor's 
and doctor's degrees between 1936 and 
1950. The survey was headed by M. H. 
Trytten, director of the Office of Scien
tific Personnel. 

The study compares two intervals: 
from 1936 through 1945 and from 1946 
through 1950. In the first period Cornell 
University led in the production of sci
ence doctorates with 851; the Univer
sity of Wisconsin was second with 828. 
In the second period the two universities 
changed positions; Wisconsin awarded 
689 Ph.D.'s in science; Cornell, 559. The 
Massachusetts Institute of Technology, 
which had ranked only tenth during 
1936-1945, jumped to third in the period 
1946-1950. 

The University of California consist
ently retained the highest proportion of 
graduates from its own colleges as grad
uate students: 36.3 per cent of its Ph.D.'s 
during 1946-1950 had done their under
graduate work at the University. 

Trytten is now preparing to publish 
similar figures on doctorates awarded 
since 1950. 

Idle Isotopes 

Some 700 of the known radioactive iso-
topes are at least potentially valu

able for medical diagnosis and therapy. 
Yet up to now only four-phosphorus 32, 
cobalt 60, iodine 131 and gold 198-are 

Newest lighting development for 
low-vision landing conditions 

You're a pilot. It's pouring rain. You've 
got 40 tons of plane and passengers on 
the final approach of a runway you can't 
even see! ... Speed's 110 mph .... should 
you try to set her down or "pour on the 
coal" and go around again? . . .  You've 
got 10 seconds to decide ... 

Suddenly, there's a streak of light cut
ting through the gray murk and rain, 
pointing again and again to your run
way! Quick! .. . line her up ... cut 
power .. . and drop in to a perfect 
centerline landing. Thanks, EFAS! 

EFAS is Sylvania's new Electronic 
Flashing Approach System of 24 uItra
vivid, non-blinding strobeacons showing 
you the way. Already installed by the 
CAA at Idlewild, N. Y. and Newark, 
N. J., the Airline Pilots Association and 
the Air Transport Association approve 
of EFAS heartily. As one leading airline 
pilot puts it: "It's the greatest contri-

bution to air navigation since the radio 
range." 

Sylvania engineers met the challenge 
for a better landing system with EFAS. 
Whatever your lighting problem may be, 
Sylvania engineering and forward-think
ing "electronic lighting" can solve it for 
you. For the answers to ANY light 
source problem, write to Dept. 106, 
Sylvania Electric Products J nc., 1740 
Broadway, New York 19, New York. 

Concentrated Arc-Lamps, Fl ashtubes, 
Strobotrons, Glow Modulators, RF Lamps 
and Projection Lamps. 

�SYLVANIA 
SYLVANIA ELECTRIC PRODUCTS INC. 

1740 Broadway, New York 19, N. Y. 
In Canada: Syll'allia Electric (Callada) Ltd. 

Shell Tower Building� MOlllrea/ 

... fastest growing name in sight 
LIGHTING • RADIO • ELECTRONICS • TELEVISION • ATOMIC ENERGY 

III 
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The fame that comes to prod. 

ucts because of Nautilus, Nike and 

the like will nefer be known to the 

new Sigma 11 F relay. Instead, the 

11 holds promise of becoming 'The 
People's Relay, designed for and solely 

useful in Things to Help People. For 

example, the 11 might be notoriously 

unreliable for opening bomb bay 

doors, but on grounded garage doors 

it vorks to perfection. The same 

thing applies to such obercompli

katen items as radar scanners, anti· 

aircraft searchlights and drone mis

siles: the Volksrelay belongs in 

T· Fee antenna rotators, automatic 

headlight dimmers and remote

controlled toys. 

Nor can it efer be said the 11 
is only for the idle rich. Prices range 

from $1.95 (max. ) , to 75 cents (in 

automobile business quantities) . You 

vouldn't expect to get 10 or 20 
millivatts sensitivity at these prices, 

und you don't. Standard operating 

lefel of the Series 11 is 50. Con

tacts are SPOT, rated at 1 (vun ) 
ampere resistif. Small size (1 5/32" 
x 1 5/16" x 1") and light veight 

(1 oz. ) are added features. To per

mit broad usefulness, the 11 is afail· 

able in different mounting styles: 11 F 

- standard base with two tapped 

holes; IIF2 - insulated base; IIF4 

- special lugs for printed 

circuit mounting. 

Let other products 

bask in the limelight of the 

Dramatic Application. For 

the II, people· used defices 

are glorious enough. If 
you have one that needs 

the VR, vot are you vait

ing for? 

11 F 

$ 
11 F2 

¥ B 
11 F4 

SIGMA INSTRUMENTS, INC., 

40 Pearl Street, So. Braintree, Boston 85, Massachusetts 
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in general medical use, Lee Edward Farr 
of Brookhaven National Laboratory told 
the American Chemical Society's Fifth 
National Medicinal Symposium in East 
Lansing, Mich. 

It is not that physicians are unwilling 
to use radioactive isotopes, FaIT believes, 
but just that they do not know how to 
use many of them and are uncertain 
about the therapeutic benefits of others. 
Physiological research, often based on 
radioactive-tracer techniques, is clarify
ing the behavior of many of these iso
topes in the body. Among the relatively 
new medical applications that seem 
promising Farr mentioned four. 

Chlorine 38 and sodium 24, which 
concentrate in body fluids outside cell 
structures, are tools for measuring the 
volume of this fluid in cases of edema. 
Chlorine 38 also appears to be good for 
treating cancer that has spread through 
the peritoneal cavity. Because this iso
tope has a half-life of only 37 minutes, 
it does its work and decays before it can 
spread to other parts of the body that 
might be damaged by radiation. 

Manganese 56, a beta and gamma 
emitter with a half-life of less than two 
and a half hours, has an affinity for the 
liver. Within 15 minutes after being in
jected into the bloodstream, 40 per cent 
of this isotope is concentrated in the 
liver. And virtually 100 per cent of cer
tain compounds of manganese 56 are de
posited in the liver within 10 minutes. 
This isotope can thus be aimed precisely 
at cancers in the liver. 

Boron 10 is particularly suited for 
brain tumor therapy. Approximately 10 
minutes after injection, the isotope 
reaches a high concentration in the tu
mor. Then, when it is irradiated with 
neutrons, it disintegrates almost instant
ly into highly radioactive lithium 7 and 
alpha particles. Since the range of these 
particles is equal to only about the di
ameter of one cell, they bombard tumor 
tissue effectively while surrounding cells 
escape strong radiations_ 

Case Closed 

With the recent announcement that 
he and six associates at Cornell 

Medical College have synthesized the 
pituitary hormone vasopressin, Vincent 
du Vigneaud completed the work that 
won him last year's Nobel prize in chem
istry. The research is a biochemical epic 
stretching over a decade. 

It started with the isolation of small 
amounts of vasopressin and oxytocin, the 
first hormones ever isolated from the rear 
half of the pituitary gland. In this phase 
of the research the Cornell chemists 
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used the glands of 100,000 cattle. After 
ascertaining that both hormones are 
polypeptides, or long chains of amino 
acids, du Vigneaud proceeded to deter
mine their molecular structure. Then he 
succeeded in synthesizing first oxytOcin 
and now vasopressin, the first polypep
tide hormones to be produced artificially. 

Oxytocin plays a part in birth by caus
ing contraction of the uterus; it also 
starts the flow of milk. Vasopressin, 
which raises blood pressure and reduces 
urine production, is given in the treat
ment of one form of diabetes. It is hoped 
that the use of synthetic vasopressin will 
eliminate the allergic reactions which 
some people develop toward the natural 
hormone. 

Du Vigneau d's collaborators in the 
final stage of the investigation were M. 
Frederick Bartlett, Albert Johl, Roger 
Roeske, R. J. Stedman, F. H. C. Stewart 
and Darrell N. Ward. They reported the 
synthesis of vasopressin in Journal of the 
American Chemical Society. 

Appeal for Information 

T he Federation of American Scientists 
appealed last month to President 

Eisenhower to revoke regulations that 
obstruct the international exchange of 
basic scientific and technical informa
tion. The F AS endorsed three recom
mendations of the House Government 
Operations Subcommittee: that unclas
sified scientific information should be 
exempted from Commerce Department 
export controls; that the Office of Stra
tegic Information should be eliminated; 
and that the State Department should 
Tesume its scientific attache program. 
The number of such attaches assigned to 
U. S. embassies and consulates dropped 
from 10 in 1952 to zero by this year. 

The F AS statement concluded: 
"Peacetime attempts to extend voluntary 
controls to unclassified information are 
unrealistic and fraught with dangers far 
greater than the presumed benefits." 

Comet Chemistry 

N. comets are tracked across the sky, 
they are occasionally seen to erupt 

and throw out a mass of luminous mate
Tial. The cause of these outbursts has 
been a mystery. Now Bertram Donn and 
Harold C. Urey of the University of Chi
cago suggest that they are caused by 
chemical explosions of free radicals in 
the bodies. 

According to a theory originated by 
Fred Whipple of Harvard University, 
comets consist largely of an icy con
glomerate of solid methane, ammonia 

Wool Felt
universal 

material of 
the universe. 

past ... present. 
future! 

Synthetic Felts, 
too, make it 

universal. Send 
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New, improved Contoura*-Constat* 

is as portable as your briefcase. 

Goes where you go to make on-the

spot copies of anything drawn, 
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ly bound book pages. Inexpensive 
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F. G. LUDWIG, INC. 
819 Coulter St.. Old Saybrook. Conn. 
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From the COSMIC 
to the 
MICROCOSMIC ... 
... Bausch & Lomb scientific instruments 
play an important part in routine and re
search studies. 

Much of our knowledge of the cosmos 
has been gained through study of stellar 
spectra. To make these spectra more "legi
ble," many observatories have equipped 
their stellar spectrographs with Bausch & 
Lomb precision gratings. 

The microcosm of the atom is revealed 
by the Bausch & Lomb Nuclear Track Mi
croscope in the study of exposed photo
graphic emulsions. 

Between these two extremes are countless 
uses of the hundreds of Bausch & Lomb 
optical instruments aiding science, educa
tion and industry. 

Write us about your optical 
problems. We may well be 

able to help you. Bausch & 

Lomb Optical Co., 78109 St. 

Paul St., Rochester 2, N. Y. 

and water. Donn and Urey believe that 
some of the ice is made of solidified free 
radicals such as CH, OH and NH. These 
materials have been found in the labora
tory to be stable at very low tempera
tures but to become explosively reactive 
when heated a few tens of degrees above 
absolute zero. 

In an article in The Astrophysical 
Journal Donn and Urey propose a mech
anism that would account for intermit
tent explosions of free radicals in comets. 
Normally the radicals are so diluted by 
stable molecules as to be unreactive. As 
a comet approaches the sun, some of the 
stable material evaporates and the con
centration of unstable materials increas
es. Eventually an outside energy source, 
such as a corpuscle from the sun, can 
trigger a chain-reacting explosion. The 
reaction will continue until it runs into 
a large concentration of stable molecules 
or of meteoritic material in the ice. Then 
the comet subsides. 

If the hypothesis is correct, an out
burst should begin with the Hash of 
bright light typical of violent explosions. 
The authors suggest that astronomers be 
on the lookout for such Hashes. 

DNA Synthesis 

D esoxyribonucleic acid, the substance 
that governs the special character

istics of genes and animal viruses, has 
for the first time been made artificially. 
Arthur Kornberg of the Washington Uni
versity School of Medicine in St. Louis 
announced the DNA synthesis at a con
ference on chemical genetics at the 
Johns Hopkins University. Less than a 
year earlier Severo Ochoa at New York 
University Medical School had synthe
sized ribonucleic acid (RNA), a kindred 
genetic material which is found also in 
plant viruses. 

Biochemists who had followed this 
work noted important differences be
tween the two syntheses. Ochoa makes 
RNA by heating certain triphosphates 
with enzymes. He can use one, two, 
three or any combination of the four 
phosphate bases that occur in natural 
RNA. The result of the reaction is "non
sense RNA"-that is to say, a long-chain 
molecule which does not necessarily cor
respond to any of the forms of RNA 
found in nature. 

Kornberg and his collaborators, on the 
other hand, find they have to use all four 
phosphate bases and also must prime 
their reaction with a little natural DNA. 
It is likely that the DNA they create is 
identical with whatever nucleic acid 
they use as a primer. 

America's only complete optical source ... from glass to finished product So far the St. Louis biochemists have 
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Stokes vacuum furnace installed by 
Allegheny Ludlum for high alloy steel melting' 
Research studies with new unit will precede 

production operations on semi-continuous basis 

This new Stokes high-vacuum furnace was recently 
installed at the Watervliet, N. Y. plant of Allegheny 

Ludlum Steel Corporation. It is an important com
ponent of the company's new Induction Vacuum 
Department ... which, for the immediate future, will 
devote itself to various aspects of a development 
program on a wide variety of alloy steels. 

Featuring a particularly compact and simplified de
sign, . , the unit permits the direct Row of materials 
through the chamber, eliminates the need for costly 
auxiliary equipment, and minimizes the space required 
for operations. Controls for vacuum pumping, charg
ing, alloying, melting, and casting are centralized 
and conveniently located. 

If you are planning to explore the interesting poten
tial of modern vacuum metallurgy, plan, too, to 
take advantage of the undisputed leadership in equip
ment and experience which Stokes can apply to your 
problem. Prime supplier of vacuum furnaces for 
production use, Stokes incorporates the features 
you need for simplified operation and dependable 

service. With the Stokes vacuum lock, you can make 
multiple melts and manipulate the melt without 
breaking the vacuum. High capacity pumping sys
tems, combining new Stokes Ring-Jet Booster Pumps 
and rugged Microvac roughing pumps, provide fast 
evacuation and dependable holding of desired vacuum. 

A Stokes engineer will be glad to consult on your 
specific application, help you select the most suitable 
of the many basic Stokes designs for your work, and 
engineer modifications to your special requirements. 
For technical data, write for Stokes Catalog No. 790, 
"High Vacuum Furnaces." 

Vacuum Furnace Division 
F. J. STOKES CORPORATION 

5524 Tabor Road, Philadelphia 20, Pa. 
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are you using this basic 
communication and memory device 

to solve your audio problems? 

#/'Iognecord 
P-60-AC TAPE RECORDER 

Within ten short years, the Ameri
can-made tape recorder has become 
one of the most valuable and versa
tile of all communication media. Its 
uses are virtually limitless. 
• Music lovers prize it because it 

can perpetuate memorable "live" 
programs by the world's greatest 
artists which can be played thou
sands of times in the years ahead 
with absolutely no loss of clarity 
and sonic beauty. 

• Educators use it in the classroom 
to teach foreign language and 
technical curricula, as well as for 
practicing reading, public speak
ing, and improving speech imped
iments. 

• Business and industry utilize its 
adaptability in the fields of sales 
training, plant communication, 
conference reporting. The scien
tist who does audio-frequency 
range research finds it indispen
sable for accuracy. 

.",agnecord,Ine. 
1101 S. Kilbourn Ave. 

Chicago 24, Illinois 

1 16 

• Magnecord, Inc. was the first 
manufacturer to offer a profes
sional tape recorder to the Ameri
can broadcasting station. With 
the growing interest in stereo
phonic and binaural sound repro
duction-particularly in music
it is significant to remember that 
Magnecord pioneered the first and 
finest binaural tape recorder. 

• Wherever science and industry re
quire custom-built, precision
made recorders to do a specific 
job, Magnecord stands ready with 
its engineering skill and experience 
to prepare instrumentation to 
meet the need. If you have a task 
or problem in the audio field, it 
will pay you to consult Magne
cord -"the ultimate choice of the 
professional." Magnecord's pio
neering know-how stands ready to 
assist you in the solution of any 
problem that calls for top quality 
sonic engineering. 

Magnecord, Inc. Dept. S. A. 9 
1101 S. Kilbou,n Ave., Chicogo 24, III. 

Pleose send me your illustrated folder on the 

new Magnecord P·60-AC. 

Nome ______________________ ___ 

Addre"; _________________ _ 

C ity Zone State 

initiated their reaction with a complex 
mixture of enzymes, which they refer to 
as a "choline extract." They are now try
ing to find which enzyme or enzymes in 
this mixture actually join the phosphate 
bases into DNA molecules. 

Primeval Palms 

A recent discovery of fossilized im-
prints of palm leaves in southwest

ern Colorado indicates that flowering 
plants arrived on the earth many millions 
of years earlier than paleontologists have 
supposed. Roland W. Brown of the U. S. 
Geological Survey and the Smithsonian 
Institution, who found the leaves, esti
mates they date from the Triassic Period, 
about 160 million years ago. He believes 
that they were preceded by still more 
primitive flowering plants. 

The fossils of that area seem to have 
accumulated when southwestern Colo
rado was a sparsely vegetated plain a 
few hundred feet above sea level. Near 
the palm-leaf imprints Brown found 
teeth of phytosaurs-ancient reptiles 
which resembled crocodiles. Not until 
100 million years later, when insects 
capable of pollinating blossoms became 
abundant, did flowering plants become. 
common. 

Sterile Stallions 

A fresh complexity in the study of 
male sterility has been turned up by 

experiments of J. W. Goldzieher of the 
Southwest Foundation for Research and 
Education. He has found that semen 
from some infertile stallions contains ap
parently normal sperm cells. Furilier in
vestigation showed that the sperm cells' 
ability to fertilize ova depends to a large 
extent on the nature of the seminal plas
ma in which the cells are suspended. In 
fact, Goldzieher was able to fertilize 
mares with sperm cells taken from in
fertile stallions and mixed with seminal 
plasma from fertile stallions. 

Following these experiments with a 

biochemical study of seminal plasma, 
Goldzieher found that sulfydryl com
pounds in the plasma seem to interfere 
with fertilization. He reported his work 
at a recent meeting of the Society for the 
Study of Fertility in London. 

Early Man in the Negev 

T he remains of a rich stone-age civili-
zation, dating back almost 4,000 

years, have been found in the northern 
Negev desert of Israel. Nelson Glueck, 
the U. S. archaeologist who made ilie 
discovery, called it "the largest flint tool 
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SILICONE NEWS 

How Designers Plan for Tomorrow 
• Silicone insulated motor-pump 

handles radio-active coolants 
BOILED IN OIl- Most advanced 

design in automatic transmissions for 
automobiles requires greater activity 
of the oil within the unit. This means 
more heat. Where old designs oper
ated in the range of 150°F to 250°F, 
new models average 250°F with fre
quent highs of 325°F. Seals molded 
of Silastic*, Dow Corning's silicone 
rubber, prevent leakage of the hot 
oil and assure long maintenance
free service. 

• Industry eyes liquid springs made more 
efficient with Silicone fluids 

• New auto transmission seals of Silicone 
rubber are t.t.boiled in oil" Amazing as it may seem, this sealing 

assignment is actually duck soup for 
a material that stays rubbery and HEART OF THE USS NAUTILUS

Heat energy of radioactive water from 
the nuclear reactor is circulated under 
pressure through the steam generators 
by canned motor-pumps. Water at 
temperatures up to 675°F circulates 
through the motor bearings, between 
the separately canned stator and rotor 
assemblies and around the stator. 
Silicone insulated stator windings are 
protected from the hot liquid by a 
stainless steel jacket; the rotor by a 
leak-tight cylinder of nickel alloy. 
Canned motor-pumps with capaci
ties ranging from 5 to 17,000 gallons 
per minute are made by Westing
house. Skillful engineering with sili
cone insulation enables these pumps 
to handle liquids at system pressures 
up to 2500 psi. Special units will even 
handle liquid metal at temperatures 

up to 1000°F. Other applications: 
steam systems involving controlled or 
forced circulation and some process 
applications in the chemical and 
petroleum industries. No. 29 

METHUSELAH AMONG MOTORS 

is a silicone insulated 10 hp motor 
in Dow Corning's motor test lab. It's 
still going after more than 58,000 
hours at an average copper tempera
ture of 465° F. That's equivalent to 
over 350 years' operation at regular 
Class H motor temperatures. 

MIGHTY MITES - Liquid filled 
"Hydra Springs" by Wales Strippit 
Corporation provide forces 3 to 6 
times greater than coil springs of 
the same size. Dow Corning silicone 
fluid is specified as the compressible 
medium for these springs because its 
compressibility is 9 to 10% at 20,000 
psi compared to 6 or 6112 % for min
eral base oils. 

Heal stability was 
another important 
consideration lead
ing to the use of 
Dow Corning sili
cone fluid. Semi
inorganic, it retains 
nearly constant vis
cosity and does not 
break down despite 
high operating tem

peratures. Hydra Springs have already 
proved highly successful in metal 
working dies, perforating equipment, 
testing equipment, ordnance devices 
and specialized machinery. Other 
applications are in the offing. No. 30 

SILICONE SURFACE - gives glass 
containers better "slip", reduces jam
ups on filling line, increases filling 
rates as much as 80%. Also imparts 
greater resistance to bruising and 
scratching---cuts line breakage as 
much as 50%. Leading glass makers 
now offer containers coated with 
Dow Corning Silicones at little or 
no extra cost. No. 31 

keeps its shape at temperatures far 
above and far below the limits of 
organic rubber. Silastic's range is 
from -130°F to 500°F. No. 32 
-T.M. REG. U.S. PAT. OFF. 

GOOD-BYE HEADACHES - Mold 
cleaning, a costly problem in the 
rubber industry, has been virtually 
eliminated by Dow Corning silicone 
mold lubricants. Here's a typical 
report from a leading rubber com
pany: "With silicone mold lubricants 
we never have to clean molds except 
when we take them out for change or 
repair." No. 33 

TOMORROW'S PRODUCTS - will 
come from imaginative use of new 
materials. That's why design, pro
duction and maintenance men need 
the new Reference Guide to Dow 
Corning Silicone Products. No. 34 
Dow Corning Silicones Mean Business! 

FOR MORE INFORMATION on silicones used in these applications, circle reference nos. in coupon. 

DOW CORNING 
CORPORATION 

MIDLAND, MICHIGAN 

ATLANTA BOSTON CHICAGO CLEVELAND 

,- DOw -��;;G-COR-;O� ';;-0;' 'Midi;;d-:-Michig� - , Dept. 9809. 1 
29 30 31 32 33 34 I 

, Name ------------------ 1 
Title --------------------------- 1 

, 
-------------------------- , Company 

Address ------------------------ 1 
City ____________ State I 

_____ ..J 

DALLAS DETROIT LOS ANGELES NEW YORK WASHINGTON. D. C. (S.LVIIII! ."'IIING, MD.. 
""ANet, ST. GOB"'I"'. ,. ... III.S 
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THE A. W. HAYDON CO. SPECIAL TIME DELAY 
never gives in to severe vibration, shock or sustained ac.eele�:�u<oD. 

Positive detent arrangement maintains time setting 

conditions. Large adjusting knob facilitates cban,gilllgJ'of 
selling. Stepless clutch drive minimizes clutch 

SPECIFICATIONS 
1.* Voltage Range: 24-29 Volts DC at 6aoF. 
2. Accuracy over Calibrated Range of adlustmeJlit: 

(a) ±0.1 second or ±1 % of setting, 
(b) ±0.15 second or ±2% of setting" over wide 

temperature range. g 
3. Meet Military Specs. for temperature, ,altitude, sand and dust, 

fungus, salt spray, radio filtering. 

4. Vibration: 5-55CPS with total eX5 rsion 0.060". 
Current ratings at 29 Volts and rOll am temperature: 

1. Motor- 2. Clutch- 3. Contact 
25· Milliamps 200 Milliamps 1.0 Amp Inductive 

Time dela,y period can be ad{u:ted in 2/10 second Increments (Ca!�log 
over ran of 0.2-30 secon��1 Request) 

II gIN 

PREFERRED WI:/ERt PERFORMANCE IS PARAMOUNT . 
4\ \\M [lJlAYDON'� Jill' NOR T HELM 5 T R E ET 
A.o W 0 lfU fPDna/Uv.n!l WATERBURY 20, 
p"i "n� l\I,"�fa,,�r. af .1.,tra·! .... ",calwTl.1.gJI .. ic.. CONNICTICUT 

THE PRESIDENT KNOWS ME 
That's where small companies have 
a lot to offer. The individual en
gineer counts. The whole organi· 
zation often looks to him for the 
ideas it needs to move ahead: 

CGS Laboratories is a small elec
tronics company where all active 
management people are engineers 
- where the president will drop 
in to discuss your project - where 
recognition of your achievements 
is positive. 

If this is the way you would like 
to work ... on projects as chal
lenging as you will find anywhere 
. . . investigate opportunities at 
CGS, an engineer-run, electronics 
research company. A booklet des
cribing our business and our peo
ple is yours for the asking. 

L LABORA�GR�ES, INC) 
399 Ludlow Street, Stamford, Conn. 

TRAK" COMMUNICATION PRODUCTS
MORSE· TO· TElEPRI NTER CONVERTERS 
PANORAMIC RECEIVERS - MUlTiCOUPLERS, 
INCREDUCTOR' H·F CONTROLLABLE 

"Trade Mark 
INDUCTORS 

1 18 

COLD CATHODE 
TRIODE NOW 
STABLE, RUGGED 
SUBMINIATURE 
The KP-96 is a high-gain, 

g r i d  c o n t r o l l e d  c o l d  

cathode tube for time de

lay, trigger, counter and 

energy transfer circuits. 

Extremely rugged and 

only 0,3" in diameter_ 

New construction gives it 

stable grid firing voltage 

(95 v,), grid current 

under 1 microamp., anode 

voltage 100-300, fast fir

ing in light and dark, 

high efficiency energy 

transfer. For data on 
KP-96 and other gas and 
vacuum tubes, write: 
KIP ELECTRONICS 

CORPORATION 
Stamford, Cannectleu. 

Actual Size 

site I have ever seen. One could cart 
away trainloads of implements which 
were made, used and abandoned." 

The discovery proves that this now
desolate area, populated by only a few 
Bedouins, was settled long before the 
time of the Nabataeans, who cultivated 
the desert until the Romans conquered 
them [see "Masters of the Desert," by 
Michael Evenari and Dov Koller; SCIEN
TIFIC AMERICAN, April]. "At these sites," 
Glueck said, "prehistoric generations of 
men gathered, grazed their flocks, util
ized their advanced skills in making flint 
tools and left many thousands of them 
behind." Fragments of pottery found on 
a gentle slope belonged "unmistakably" 
to the Abrahamitic period of about 2,000 
B.C. Abrahamitic people are known to 
have lived in permanent villages of stone 
houses, but as yet Glueck has found 
nothing on the surface except flint im
plements and pottery. 

Glueck, who worked close to the 
Egyptian frontier, was accompanied by 
a heavily armed escort of Israeli soldiers. 

Part-time Graduate Study 

,Nsistant Secretary of Defense Clifford 
C. Furnas has proposed that the 

U. S. finance graduate study for young 
scientists employed in laboratories that 
do government research. The research 
contracts could be changed to make the 
cost of part-time advanced training an 
allowable expense item, he told a meet
ing of the National Committee for the 
Development of Scientists and Engi
neers. If this practice were adopted, he 
said, the nation would within five years 
harvest a crop of Ph.D.'s who would 
otherwise have stopped their education 
at the bachelor's level. 

Furnas suggested also that govern
ment research grants ought to permit a 
more liberal charge for overhead. The 
present allowances range from only 8 
per cent on some Public Health Service 
contracts to 48 per cent on some Navy 
grants. At this rate, according to Furnas, 
universities lose money on every gov
ernment research project, with the result 
that they have to raise student fees and 
reduce faculty salaries. 

No Smoking 

A standing rule of the British Medical 
Association prohibits smoking dur

ing lectures at its meetings. But it is a 
time-honored custom to suspend this 
rule by voice vote as soon as a meeting 
begins. This year a BMA conference at 
Brighton broke with tradition. The vote 
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His weapon-Chance Vought's supersonic inter
,ceptor-while infinitely more complex, it must 
be iust as reliable as his forebearer's sword. 

Sub-sy'steml such as Ihis Servo
mechanisms, Inc., Angle at Attack 
and Mach computer do their port in 
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THE 

MODEL 1 portable type ____ _ 

MODEL 2 flat-bed _____ _ 

MODEL 3 desk type _____ _ 

MODEL 4 rack type _____ _ 

,-----, 1-----1 '-----1 
, X-y " CURVE " POINT I 
" RECORDER , , FOLLOWER I' PLOTTER , 
______ J L _____ J L _____ J 
MOSELEY 
AUTOGRAF 

...... ... '" 

Now offered in four versatile models, the 

Moseley AUTOGRAF X-Y recorder is a 

high quality, precision instrument providing 

economical means for plotting data quickly, 

easily, and accurately_ It is widely used in 

research, development, and test laboratories 

where quantities of mechanical, physical 

and electrical data are being collected daily. 

Features include ranges from 5 millivolts 

to 500 volts; 200,000 ohms per volt input 

resistance; zero set and full scale zero off-set; 

speeds up to Y2 second, full scale; better 

than 0.25% accuracy. 

A complete line of accessories is available 

for almost any data translation problem. 

Write for 

I
F. L. MOSELEY CO. complete 409 N. Fair Oaks Ave. specifications: Pasadena, California 

NEW METER.RELAYS 
FROM 0·5 MICROAMPERES· UP 
Ruggedized - Sealed, Black Bakelite or 

Clear Plastic Cases 
D' ArsontJal 

meters 
with l ocki ng con
tacts for Se11sitive 
and a ccurat e 
control or alarm. 

TRIP POINT AD
JUSTABLE to any 
point of scale arc. 
Sensitive to changes 
as little as 1 %. One 
contact  on moving Model 461-C. 1 0-0-10 
pointer. The other on Ua DC $83.25 
adjustable pointer. When pointers meet, contacts 
close and lock. Holding coil wound on moving coil. 
Locking is electro· magnetic. Manual or automatic 
reset. Spring action kicks contads apart. 
Ranges: From 0·5 microamperes, 0-5 millivoll$ 
or 0·300°F up. 
Standard Contact Rating 5 to 25 milliamperes 
DC. Can be up to 100 milliamperes DC. 
Ruggedized·Sealed metal cases, 2Y2", 3 Y2" or 
4Y2/1 round, shock· mounted movement, gasket. 
sealed. 
Black Bakelite case, 4 Y2" rectangular. 

Gurley Instruments for Pollution Control are 
important aids to government and industry labs 
fighting pollution problems. Among Gurley 
Wind Instruments: the Universal Anemometer 
reads velocity in kilometers, miles or knots_ 
Gurley Current Meters reveal water conditions, 
are available in a variery of outfits. Water Level 
Recorders make continuous graphic records for 
an entire day or week. Write for Bulletins 6000-S 
and 700-S. 

Clear Plastic cases, 2Y2", 3�" or 4Y2" rec· 
tangular. 
Panel meters and indicating 
pyrometers 01.0 in rugged· 
i�ed·sealed, black bakelite 
or clear plastic cases. Write 
for new 40 page Catalog 
4A on meter.relays, meters, 

Model 255.C. 0.10 pyrometers ond outomati� 
V DC $42.50 controls. 

Assembly Products, Inc., Chesterland 5, 
Ohio. HAmilton 3-4436 (West Coast: Desert 
Hot Springs 5, Calif. Phone: 4-3133 & 4-2453). 
Booth 1614. Instrument-Automation Show, Sept. 17-21. 

W. & L. E. GURLEY, TROY, N. Y. 
Scientific Instrument Makers Since 1845 
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in favor of smoking (173 to 154) fell 
short of the three-quarters majority 
necessary to suspend the rule. 

In the U. S. a new analysis of tobacco 
and cancer was reported by the National 
Cancer Institute. William Haenszel, 
head of the biometry section, and 
Michael B. Shimkin, chief of biometry 
and epidemiology, collaborated in the 
first attempt to compare all the informa
tion collected in the several cancer
smoking studies on the smoking habits 
of Americans and the general distribu
tion of lung cancer in the U. S. Their 
conclusion is that cigarette smoking and 
lung cancer follow similar patterns. 

Haenszel and Shimkin observed that 
five men for every one woman die of 
lung cancer. This represents the highest 
sex ratio known for any major disease. 
If smoking is a cause of lung cancer, they 
predict, the ratio of women dying of lung 
cancer will have risen by 1965. 

Tin Pan Computer 

I t has often been suggested that a digi-
tal computer, fed proper instructions, 

could grind out music in the style of 
Bach, Mozart or any other composer. 
Two California mathematicians have 
now actually rigged a computer so that 
it will compose in one of the most rigid 
styles in musical history: the American 
popular song. They broadcast one of the 
machine's early efforts-a ditty entitled 
Pushbutton Bertha-on a Los Angeles 
television program last month. 

Mathematicians Douglas Bolitho and 
Martin Klein of the ElectroData Corpo
ration estimate that the computer, the 
Datatron, can create songs at the rate 
of 1,000 per hour and can write more 
than 10 billion different tunes without 
further instructions. 

For each new composition the com
puter selects a 10-digit random number 
and then from this number generates 
1,000 additional one-digit random num
bers. From this string of numbers, each 
representing a musical tone in the dia
tonic scale starting with middle C, plus 
two accidentals, the machine selects suc
cessive notes. The program prepared in 
advance limits each choice. The second 
note, for example, may not be a minor 
second, a fourth, a flatted fifth or a ninth. 
The melody is never allowed to jump 
more than six tones, a restriction which 
makes all Datatron tunes easy to sing. 

Bolitho and Klein are now elabo
rating their instructions so the computer 
will be able to choose from a variety of 
rhythm patterns. The next step will be 
to program the machine so that it can 
orchestrate its works. 
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No other non-precious metal carries electricity as well as copper. No other conducts heat 

as well and at the same time is more resistant to rust, corrosion and wear. In the manufacture 

of electrical equipment, copper or copper alloys combine, better than other metals, the 

vital properties of malleability, ductility, and machinability. In lighting, as in so many other 

fields, there is no substitute with all the qualities of copper - most versatile of metals! 

i Kennecott Copper Corporation 
Fabricating Subsidiaries: Chase Brass & Copper Co. • Kennecott Wire and Cable Co. 
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In the j ungle of microscopic l ife around us science captures unique 
servants of mankind. A new kind of engineer puts these living 

creatures to work through fermentation chemistry. 

TOOK through a microscope at a 

L single pinch of rich, moist earth, 
and you see a lush jungle of 

molds, yeasts, bacteria and other mi
croorganisms-like the authentic types 
the artist has grouped together in the 
illustration above. 

It is a world of spectacle and mo
tion. Here, microbial colonies grow in 
patterns of wild beauty. Their laws of 
survival are as violent as tho:e in any 

jungle. They work endlessly at break
ing down their environment into its 
basic chemical elements . . .  and war un
remittingly for the nourishment these 
elements provide. It is a world of per
petual struggle and perpetual change. 
It is, literally, a world in ferment. 

This process of fermentation occurs 
everywhere in nature-above the earth 
as well as beneath it. Each mold spore, 
each subdividing bacterium cell strug-

gles to survive - wherever the wind 
blows it or another agent carries it. 
When microorganisms win this strug
gle they change their environment, 
whatever it is . . .  a loaf of bread, the 
leaf of a tree, the blood of a man. 

Ancient man used the powers of 
those tiny living organisms without 
even knowing they existed. He aged 
meats, brewed drinks, made cheese out 
of milk-all by means of fermentation. 
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Is This an Advertisement? 
You may call the message on these pages an 

advertisement if you wish • • •  but ifs really 

something more. Ifs an attempt to share some 

important scientific knowledge with the many 

magazine and newspaper readers who may 

wish to know more about a subject that merits 

wide attention. 

If you're interested, an absorbing and un

usual book, "Our Smallest Servants", is yours 

for the asking. (See coupon next page). It will 

give you in illustrated story-form the history 

and science of fermentation chemistry - as 

viewed by leaders in this field. You'll learn 

how and why it plays such a vital role in 

medicine, industry, agriculture • • •  and in your 

daily life. Teachers and students may find this 

free book a helpful adjunct in science study. 

Today, with fermentation chemistry 
no longer a mystery, a new kind of en
gineer can breed microorganisms as 
efficiently as cattle or prize roses. This 
is the biochemical engineer. When a 
useful mold is discovered, his skill can 
control every phase of its life and 
growth in order to mass produce an 
important new drug or chemical. 

How did this modern technology of 
, 
fermentation chemistry grow? Its be

I ginning was only possible toward the 
end of the last century when the 

. 
French scientists Thenard and Pasteur 
had convinced the world that fermen
tation was the work of microscopic liv

: ing organisms. 
The inheritors of Pasteur's knowl

edge s o u ght to use microbes as  
production workers in industry. If  a 
yeast could change grape juice to wine, 
it was reasonable to suppose that some 
similar creature might provide a short 
cut in the manufacture of valuable 
chemicals or other products. 

Of all the resultant research and ex
perimentation, the most significant 
took place in the United States, where 
after ten years' work chemists of Chas. 
Pfizer & Co., Inc. succeeded in pro
ducing by fermentation an important 
chemical used in many industries. They 
perfected a process by which the mold 
Aspergillus niger transformed ordi
nary sugar into citric acid. Now, vast 
quantities were readily available. The 
world price of citric acid dropped 
more than two-thirds. And the new 
technology of biochemical engineering 
became a factor of highest importance 
to industry. (Continued on next page) 

2750-2665 D.C.
Egyptian 
brewer 
straining 
mash . . .  
an ancient 
example 
of the 
employment of 
fermentation. 

F R O M  TH E 
M ETRO PO L I TA N  

15th Century experi

menters learned to im

prove wine taste. But 

only with Louis Pas

teur's research in 1857 
did man learn that liv

i n g  organisms pro

duced fermentation. 

World War B-a moldy cantaloupe found in a Peoria market . 
helped save thousands of lives. 
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Modem production of l i fe-saving antibiotics like Terramycin requires el imina

tion of all chance and error-from cultivation of the mold to final packagi ng. 

The greatest test of this new tech
nology was to come during World War 
H. Alexander Fleming and other Brit
ish scientists who fol lowed his lead had 
found rem a rkable disease-fighting po
tentials in an ordinary mold called 
Penicillium notatum . But producing 
significant quantities of the antibiotic 
penici l l in seemed nearly i mpossible, 
for at first the yield was no more than 
one part of penicillin to one million 

parts of fermentation broth ! 
Three American companies-Pfizer, 

Merck and Squibb-led the way in ap
plying biochemical engineering to the 
p roblem.  A special strain of Penicil

lium discovered on a cantaloupe was 
pampered,  coddled and nurtured. Dis
ciplined at last,  the mold produced ton s  
of the antibiotic i n  time t o  save thou-

I l l u strated book 

sands of l ives-beginning on D-day in 
Normandy . 

Since World War II scientists h ave 
tested thousands of soil samples for 
organisms which the biochemical en

gineer might train to serve man, organ
i s m s  w h i c h  c o u l d  p r o d u c e  b e t t e r  
antibiotics a n d  other useful chemicals .  

From a bit  of earth spooned u p  near 
one of Pfizer's own middle western 
plants came the actinomycete which 
was made to yield the yellow crystals 
of another vital antibiotic-life-saving 
Terramycin.  Where pen icil l in com
batted some twenty-five diseases and 
streptomycin fifteen ,  Terramycin was 
found effective against one hundred! 

The continuing development of bio
chemical engineering put  Terramycin 
in  the hands of physicians m any years 

with d i m e n s i o n a l  mold reprod u ction.  

- - - - - - - - - - - - - - - - - - - - -,  

Print  n a m e  a n d  a d d ress o n  this  
coupon or  on separate sheet or  
post  card a n d  mai l  to Dept. P. R. 3 

CHAS. P F I Z E R  & CO., I N C .  

1 1  Bartl ett Street, B r o o k l y n  6, N .Y. 

(Offer to be withdrawn when s u p
ply  is  d e p l eted.)  

Please send me� free of charge, a copy of "Our Smallest Se rvants". 

N a m e  ______________________ ________________________________ _ 

Add ress ____________________________________________________ _ 
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earlier than had been the case with 
penicil l in .  And even for penicillin pro
duction, the basic molds in use today 
a re far more efficient than the one 
found on the Peoria cantaloupe . The 
s u perprecision of biochemical engi
neering controls the mold's diet, its 
environ ment and its production . 

Without this m astery over m icro
orga:1isms that is biochemical engi
neering,  l ife-saving antibiotics would 
st i l l  be a scientific curiosity. Many im
portant vitamins,  hormones,  industrial 
and agricultural chemicals produced 
by fermentation chemistry would be 
virtually beyond reach. 

Wh a t  lies a h e a d ?  In the U n i t e d  

States alone there are 2 , 974,72 6 square 

miles of land. A ny pinch of that nearly 

limitless soil may offer the new organ

ism whose life activity can be har

nessed to c o n q u e r  cancer, or t h e  

common cold, or t o  produce new ma

terials that answer human needs. These 

challenges will be met. With biochemi

cal engineering and man's expanding 

capacity for daring research, the fu
ture  of h u m a n i ty is o n e  of b e t ter 

h e a l th,  b e t ter food, and a longer, 

richer life. 

If you would like to read more about 
the fascinating story of molds and 
fermentation, then mail the coupon on 

this page for a free copy of the hand
some book "Our Smallest Servants" • .  
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Colliding Galaxies 

Many galaxies occur In clusters, the density of which lS such that 

their members may be expected to collide occasionally. The results 

are discussed here and in the article on radio galaxies (page 204) 

During the past 10 years radio 
. astronomers have discovered a 
, new kind of object in the sky. 

These objects are distinct sources of 
J'adio energy, just as stars or galaxies are 
discrete sources of light. Some of the 
radio sources can be identified with well-

by Rudolph Minkowski 

known visible objects, such as the spec
tacular Crab Nebula, which marks the 
location of an exploded star in our gal
axy. But curiously the two most power
ful radio sources are located at points 
in the sky where no conspicuous objects 
appear. 

One of these lies in the constellation 
Cygnus. As the resolving power of radio 
telescopes was improved, the search for 
the radio source narrowed down to an 
area containing a faint object far out be
yond the stars of our own galaxy. In 
1951 F. C. Smith of the University of 

GALACTIC COLLISION in Cygnns is represented by the irregu

Jar spot in the center of this photograph made with the 200-inch 

telescope_ Although the galaxies are 270 million light-years away, 

they comprise the second strongest radio source in the sky. This 

contrasty negative print shows only the distorted central masses of 

the galaxies. Their total visible diameter is abont six times greater. 
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ANOTHER PAIR OF COLLIDING GALAXIES is NGC 4038 and 

4039. This negative print from a photograph made with the 200·inch 
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telescope shows long tidal filaments above and below the central 

masses of the galaxies. The radio emission of this system is weak. 
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Cambridge, using a British radio inter
ferometer gf high resolving power [see 
article on page 204], boxed the source 
of the strong radio emission, called Cyg
nus A, within an area of less than one 
square minute of arc. 

Walter Baade thereupon took a pic
ture of the object with the 200-inch tele
scope on Palomar Mountain, and made 
a surprising discovery. What had ap
peared in plates made with smaller tele
scopes as a single galaxy turned out to 
be an unusual system composed of two 
galaxies, one superposed on the other. 
Furthermore, it became plain that the 
two are not separate galaxies in the same 
line of sight but are actually in close 
contact, for their nuclei are strongly 
distorted by gravitational interaction. 
The centers of the two systems are only 
about two seconds of arc apart; evident
ly the galaxies have penetrated far into 
each other. In short, there was every 
indication that in Cygnus A we are be
holding a close collision between two 
galaxies. 

This was ·soon confirmed by a beauti
ful proof. What should we expect to see 
when galaxies collide? It is altogether 
unlikely that their individual stars will 
collide, because the average distance be
tween stars in a galaxy is immense. In an 
encounter between two galaxies the 
gravitational attraction of their stars will 
perturb the stars' motions and distort the 
structure of the galaxies, but the stars 
themselves would not be expected to un
dergo any observable change. We 
should, however, expect to see an im
portant effect on clouds of dust and gas 
in the galaxies. The gas and dust palti
cles will collide. At velocities in the 
range of hundreds to thousands of miles 
per second such collisions should heat 
the gas to temperatures of one million 
to 100 million degrees. 

Assuming that Cygnus A is a galactic 
collision, then, its gas should be very 
hot, and the atoms should be in a highly 
excited state. There is a way to test 
whether this is so: namely, examine the 
spectrum of light from the hot material. 
We can read the degree of excitation of 
atoms in a glowing gas from the charac
ter of the lines in its spectrum. Studies of 
spectra of Cygnus A made with the 100-
inch and 200-inch telescopes fully con
firmed the reality of the collision. Almost 
half of the light of the system is in broad
ened lines of hydrogen and in "forbid
den" lines of emission by oxygen, neon, 
sulfur and iron in highly ionized states. 

The strong emission lines of this spec
trum, incidentally, made it possible to 
measure the red-shift of Cygnus A, and 
thereby its distance from us, with great 
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SEPARATION OF COLLIDING GALAXIES in the photograph at 

the top, made with the 200·inch telescope, was achieved by spectro· 

scopic observations. Tbe results are given in the schematic draw· 

ing at the bottom. The galaxies are jointly known as NGC 1275. 
One of them is a spiral with tightly wound arms which are not 
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visible in the photograph. The other is a loose galaxy witb higbly 

distorted arms. The compact galaxy is roughly outlined by the 

black crosshatching. Parts of the loose galaxy are indicated by tbe 

areas enclosed by a colored line. The colored crosshatched areas 

probably belong to the same galaxy. This object is a radio source. 
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accuracy. The pair of colliding galaxies 
is 270 million light-years away. 

T he case of the colliding galaxies in 
Cygnus has great interest in itself, 

but it has even more interest for cos
mology. It has already yielded a dis
covery of first importance. A. E. Lilley 
and E. F. McClain of the Naval Research 
Laboratory found that the 21-centimeter 
radio line of hydrogen in Cygnus A 
shows a Doppler shift precisely in ac
cord with the red-shift of its light. This 
seems to verify that the red-shift is a 
Doppler effect and therefore a measure 
of the velocity and distance of galaxies. 

The measurement of a radio "red
shift" is particularly exciting because 
radio astronomy promises a long exten
sion of our reach into space. The radio 
signal from Cygnus A could be detected 
by our present radio telescopes even if 
it were only one 3,000th as intense as it 
is; thus we could detect such collisions at 
vastly greater distances-distances far 
beyond the range of the 200-inch optical 
telescope. All in all, there is solid ground 
for expecting that radio observation of 
colliding galaxies will answer many 
cosmological questions which optical 
astronomy cannot. 

How frequent are collisions between 
galaxies? That depends in part on how 
we define a "collision." In the case of 
Cygnus A the two galaxies have pene
trated far into each other: their central 
bodies, or nuclei, are only about 3,000 
light-years apart. Such an event must be 
exceedingly rare. If we take a collision 
to mean any encounter in which the 
galaxies approach close enough to touch 
at the outer boundaries of their thin 
reaches of matter, the probability (i.e., 
estimated frequency) of collisions be
comes much greater. Assuming that the 
radius of a typical galaxy is 15,000 light
years, two such galaxies will be in col
lision, by our definition, whenever their 
centers are no more than 30,000 light
years apart. In the average region of 
space the average distance between gal
axies is about three million light-years. 
On the basis of these figures and of what 
we know about the motions of galaxies, 
we can calculate that in the volume of 
space out to 250 million light-years from 
us, which is estimated to contain about 
two billion galaxies, some 10 collisions 
would be in progress at the present time 
if the galaxies were evenly distributed 
in space. 

Of course this theoretical average 
must be adjusted to take account of the 
actual sizes and distributions of galaxies. 
Our own Milky Way has a radius of 
about 40,000 light-years; some spiral 
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NEAR·COLLISION of two spiral galaxies is also photographed 

with the 200·inch telescope. The galaxies are NGC 5426 and 5427. 
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Tidal interactions between the two are faintly visible in the ph6-

tograph. This system is not, however, a collisional radio source. 
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galaxies have arms extending out to 60,-
000 light-years. What is much more im
pOl·tant, many galaxies are grouped in 
clusters, where the average distance of 
separation is much less than three mil
lion light-years. For example, the cen
tral part of the Coma cluster of galaxies 
has some 500 galaxies concentrated 
within a space about 2.6 million light
years across. Here, we can estimate, at 
least two collisions should be in prog
ress at this moment; the number is prob
ably higher because the cluster increases 
in density toward its center. Cygnus A 
lies in another fairly rich cluster of 
galaxies. Collisions of its type, however, 
must still be rare, for the calculations in
dicate that a collision as close as this one 
is 1,000 times less frequent than the 
slightly overlapping contacts we have 
been discussing. Thus we should not ex
pect to Rnd more than a few clusters 
containing objects like Cygnus A. 

Even before an actual instance of col
lision was found, Baade and Lyman 
Spitzer, Jr. , of Princeton University had 
calculated the high probability of colli
sions in clusters and had assigned to the 
process an important function in the 
evolution of galaxies. Most of the galax
ies in a condensed cluster such as Coma 
have a general form characteristic of the 
spiral type of galaxy (notably a flattened 
disk shape) but lack the arms and 
clouds of gas typical of the spiral sys
tems. Spitzer and Baade proposed that 
these cluster galaxies were originally 
spirals and that successive collisions had 
swept them clear of their clouds of gas 
and dust, in which the hot stars charac
teristic of spiral arms are formed. 

A galaxy would have to undergo a 
fairly large number of collisions to lose 
all its interstellar matter. It can be 
shown, however, that a sufficient num
ber of collisions is likely to occur in a 
dense cluster. In the Coma cluster, for 
example, a galaxy moving roughly along 
the radius of the system and through 
the region of its center would have suf
fered between Rve and 30 collisions (the 
number depending on the size of the 
galaxy) during the Rve-billion-year life
time of the universe. This order of prob
ability is adequate to account for the re
moval of interstellar matter from most of 
the members of the Coma cluster. 
Clouds of material removed from a spiral 
galaxy may assist in sweeping dust and 
gas out of other spirals in the cluster. 
David S. Heeschen of the Harvard Col
lege Observatory has in fact found evi
dence-21-centimeter radiation-that the 
Coma cluster contains a large amount of 
hydrogen gas. 

In a loose cluster, where collisions are 
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THREE GALAXIES are compared. At the top is the Type Sb spiral galaxy NGe 2481. In the 

middle is the Type E5 elliptical galaxy NGe 4697. At the bottom is the Type SO galaxy 

NGe 1201. SO galaxies are similar to elliptical galaxies in that they lack spiral arms, but 

otherwise they resemble spirals. Their dust and gas may have been swept away by collisions. 
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less frequent, we should expect to find 
that many of the galaxies still possess 
spiral arms and gas clouds. There is a 
loose cluster in Virgo which actually 
shows such a picture. 

T he discovery of the Cygnus A colli-
sion naturally inspired astronomers 

to an intensive search for collisions in 
other radio "stars." A few have been 
found, though none as intense as Cyg
nus A. It has been possible to study one 
in considerable detail. The object is 
known as NGC 1275, the brightest mem
ber of a cluster of visible galaxies in the 
constellation Perseus [see photogmph 
and diagmm on page 128]. The light 
spectrum of this object has long been 
known to be peculiar, with the emission 
lines that indicate high excitation. Now 
a detailed spectroscopic study of the ob
ject has shown clearly that it consists of 
two galaxies, colliding with a relative 
velocity of about 2,000 miles per second. 
One of the pair is a tightly wound spiral; 
the other, a very loose spiral with grossly 
distorted arms. The two galaxies are in
clined at a small angle to each other, and 
we see both almost face on. The loose 
system is tilted to our line of sight in a 
direction such that the top or northerly 
part of the galaxy is nearer to us and the 
southerly part is away. In the upper por
tion of the overlapping image of the two 
galaxies we can see two distinct spectra 
of relatively low excitation. These evi
dently come from separate masses of gas 
lying respectively in the loose spiral and 
in the compact spiral behind it. This 
must mean that these sections of the two 
galaxies have not yet collided. But at a 
line just above the nucleus of the com
pact galaxy there is an abrupt change in 
the spectrum: here we get only one spec
trum of emission, from gas in a very ex
cited state. The line apparently marks 
the section where the loose spiral galaxy 
has entered the compact one and is slic
ing through it. Below this line we see but 
a single spectrum, which indicates that 
the forward edge of the loose galaxy 
has passed through the lower part of the 
compact system and left it in an agitated 
state. As the loose galaxy continues to 
move through, the line of collision should 
gradually shift upward, or northward. 

we now have a fair picture of the 
sequence of conditions that leads to 

radio emission in collisions. In general it 
is clear that strong radio emission occurs 
only when the galaxies actually pene
trate each other. But we still have little 
idea as to the mechanism responsible for 
generating radio energy of such strength. 
Astrophysicists have been hunting for 
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such a mechanism, but so far with little 
success. The intensity and the spectrum 
of the radio emission show that the radio 
energy cannot arise merely from the 
heating of the gas that occurs as a result 
of the collision. 

In Cygnus A the strong radio signals 
seem to be coming from two outlying 
parts of the system separated by about 
120,000 light-years, almost three times 
the visible extent of the system. We 
know that galaxies extend far into space 
beyond their bright central masses, and 
we know that a collision may scatter 
their gas clouds widely. But we cannot 
explain how the faint outer regions can 
emit radio energy at the huge rate of 
1044 ergs per second-lO times the out
put of light by the colliding galaxies. 
Energy of this order can be provided by 
the relative kinetic energy of the col-

Iiding systems, but this energy is concen
trated in their central masses. 

It is tempting to suppose that at least 
part of the radio energy in collisions may 
be produced by a process already ob
served in the Crab Nebula, whose radio 
emission is generated by the motion of 
high-energy electrons in a magnetic 
field. We cannot, however, exclude the 
possibility of other processes. We know, 
for instance, that our sun generates radio 
energy by a mechanism different from 
that of the Crab Nebula. 

The colliding galaxies thus offer many 
interesting problems: how galaxies 

interact and generate radio energy dur
ing collisions, how frequently collisions 
occur, and so on. The answers to these 
questions should lead to a far better un
derstanding of our universe. 

DRAMATIC OBJECT known as NGC 5128 appears to be a giant SO galaxy in collision with 

a spiral galaxy. The spiral is seen edge on. Its central disk of dust and gas is distorted. 
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THE EVOLUTIONARY UNIVERSE 

Most cosmologists believe that the unIverse began as a dense 

kernel of matter and radiant energy which started to expand 

about five billion years ago and later coalesced into galax] es 

C
osmology is the study of the gener

al nature of the universe in space 
and in time-what it is now, what 

it was in the past and what it is likely 
to be in the future. Since the only forces 
at work between the galaxies that make 
up the material universe are the forces 
of gravity, the cosmological problem is 
closely connected with the theory of 
gravitation, in particular with its mod
ern version as comprised in Albert Ein
stein's general theory of relativity. In 
the frame of this theory the properties 
of space, time and gravitation are merged 
into one harmonious and elegant picture. 

The basic cosmological notion of gen
eral relativity grew out 8f the work of 
great mathematicians of the 19th cen
tury. In the middle of the last century 
two inquisitive mathematical minds-a 
Russian named Nikolai Lobachevski and 
a Hungarian named Janos Bolyai-dis
covered that the classical geometry of 
Euclid was not the only possible geom
etry: in fact, they succeeded in construct
ing a geometry which was fully as logical 
and self-consistent as the Euclidean. 
They began by overthrowing Euclid's 
axiom about parallel lines: namely, that 
only one parallel to a given straight line 
can be drawn through a point not on 
that line. Lobachevski and Bolyai both 
conceived a system of geometry in which 
a great number of lines parallel to a 
given line could be drawn through a 
point outside the line. 

To illustrate the differences between 
Euclidean geometry and their non-Eu
clidean system it is simplest to consider 
just two dimensions-that is, the geom
etry of surfaces. In our schoolbooks this 
is known as "plane geometry," because 
the Euclidean surface is a flat surface. 
Suppose, now, we examine the prop
erties of a two-dimensional geometry 
constructed not on a plane surface but 
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by George Gamow 

on a curved surface. For the system of 
Lobachevski and Bolyai we must take 
the curvature of the surface to be "neg
ative," which means that the curvature 
is not like that of the surface of a sphere 
but like that of a saddle [see illustrations 
on page 138]. Now if we are to draw 
parallel lines or any figure ( e.g., a 
triangle) on this surface, we must de
cide first of all how we shall define a 
"straight line," equivalent to the straight 
line of plane geometry. The most rea
sonable definition of a straight line in 
Euclidean geometry is that it is the path 
of the shortest distance between two 

points. On a curved surface the line, so 
defined, becomes a curved line known as 
a "geodesic" [see "The Straight Line," 
by Morris Kline; SCIENTIFIC AMERICAN, 
March]. 

Considering a surface curved like a 
saddle, we find that, given a "straight" 
line or geodesic, we can draw through 
a point outside that line a great many 
geodesics which will never intersect the 
given line, no matter how far they are 
extended. They are therefore parallel to 
it, by the definition of parallel. The pos
sible parallels to the line fall within cer
tain limits, indicated by the intersecting 

Five contributors to modern cosmology are depicted in these drawings by Bernarda Bryson. 
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lines in the drawing at the left in the 
middle of the next page. 

As a consequence of the overthrow of 
Euclid's axiom on parallel lines, many 
of his theorems are demolished in the 
new geometry. For example, the Euclid
ean theorem that the sum of the three 
angles of a triangle is 180 degrees no 
longer holds on a curved surface. On the 
saddle-shaped surface the angles of a 
triangle formed by three geodesiCS al
ways add up to less than 180 degrees, 
the actual sum depending on the size of 
the triangle. Further, a circle on the sad
dle surface does not have the same prop
erties as a circle in plane geometry. On 
a Bat surface the circumference of a cir
cle increases in proportion to the increase 
in diameter, and the area of a circle in
creases in proportion to the square of the 
increase in diameter. But on a saddle 
surface both the circumference and the 
area of a circle increase at faster rates 
than on a Bat surface with increasing 
diameter. 

After Lobachevski and Bolyai, the 
German m athematician Bernhard Rie
mann constructed another non-Euclid
ean geometry whose two-dimensional 
model is a surface of positive, rather than 
negative, curvature-that is, the surface 
of a sphere. In this case a geodesic line 
is simply a great circle around the sphere 
or a segment of such a Circle, and since 

any two great circles must intersect at 
two points (the poles) , there are no par
allel lines at all in this geometry. Again 
the sum of the three angles of a tri
angle is not 180 degrees: in this case it 
is always more than 180. The circum
ference of a circle now increases at a 
rate slower than in proportion to its 
increase in diameter, and its area in
creases more slowly than the square of 
the diameter. 

N ow all this is not merely an exercise 
in abstract reasoning but bears di

rectly on the geometry of the universe in 
which we live. Is the space of our uni
verse "Bat," as Euclid assumed, or is it 
curved negatively (per Lobachevski and 
Bolyai) or curved positively (Riemann) ? 
If we were two-dimensional creatures 
living in a two-dimensional universe, we 
could tell whether we were living on a 
Bat or a curved surface by studying the 
properties of triangles and circles drawn 
on that surface. Similarly as three-dimen
sional beings living in three-dimensional 
space we should be able, by studying 
geometrical properties of that space, to 
decide what the curvature of our space 
is. Riemann in fact developed mathemat
ical formulas describing the properties 
of various kinds of curved space in three 
and more dimensions. In the early years 
of this century Einstein conceived the 

idea of the universe as a curved system in 
four dimensions, embodying time as the 
fourth dimension, and he proceeded to 
apply Riemann's formulas to test his 
idea. 

Einstein showed that time can be con
sidered a fourth coordinate supplement
ing the three coordinates of space. He 
connected space and time, thus establish
ing a "space-time continuum," by means 
of the speed of light as a link between 
time and space dimensions. However, 
recognizing that space and time are 
physically different entities, he employed 
the imaginary number y- 1, or i, to ex
press the unit of time mathematically 
and make the time coordinate formally 
equivalent to the three coordinates of 
space. 

In his special theory of relativity Ein
stein made the geometry of the time
space continuum strictly Euclidean, that 
is, Bat. The great idea that he introduced 
later in his general theory was that gravi
tation, whose effects had been neglected 
in the special theory, must make it 
curved. He saw that the gravitational 
effect of the masses distributed in space 
and moving in time was equivalent to 
curvature of the four-dimensional space
time continuum. In place of the classical 
Newtonian statement that "the sun pro
duces a ReId of forces which impels the 
earth to deviate from straight-line mo-

From left to right they are: Nikolai Lobachevski, Bernhard Riemann, Albert Einstein, Willem de Sitter and Georges Lemaitre 
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NEGATIVE AND POSITIVE CURVATURE of space is suggested 

by this two·dimensional analogy. The saddle·shaped surface at left, 

which lies on both sides of a tangential plane. is negatively curved. 

ON A NEGATIVELY CURVED SURFACE the shortest distance 

between two points is not a straight line but a curved "geodesic," 

such as the line AB at the left. On a plane surface only one parallel 

to a given straight line can be drawn through a point not on that 

line; on a negatively curved surface nlany geodesks can be drawn 

ON A POSITIVELY CURVED SURFACE the shortest distance 

between two points follows a great circle, a closed line passing 

through opposite points on the surface (single curved line at left). 

In this geometry there are no ··parallel" lines because any two 
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The spherical surface at right, which lies on one side of a tangen· 
tial plane, is positively curved. If space is negatively curved, the 

univeree is infinite; if it is positively curved, the universe is finite. 

through a point not on a given geodesic without ever intersecting 

it. These "parallel" lines will fall within the limits indicated by 

the arrow between the intersecting lines at left. On a plane surface 

the angles of a triangle add up to 180 degrees; on the negatively 

curved surface at the right, they add up to less than 180 degrees. 

great circles must intersect. The circumference of a circle increases 

more slowly with diameter than on a flat surfacei and the area sim· 

ilarly increases more slowly (concentric circles at left). The angles 

of a triangle on the surface (right) add up to more than 180 degrees. 
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tion and to move in a circle around the 
sun," Einstein substituted a statement 
to the effect that "the presence of the 
sun causes a curvature of the space-time 
continuum in its neighborhood." 

The motion of an object in the space
time continuum can be represented by a 
curve called the object's "world line." 
For example, the world line of the earth's 
travel around the sun in time is pictured 
in the drawing on the next page. (Space 
must be represented here in only two 
dimensions; it would be impossible for 
a three-dimensional artist to draw the 
fourth dimension in this scheme, but 
since the orbit of the earth around the 
sun lies in a single plane, the omission is 
unimportant.) Einstein declared, in ef
fect: "The world line of the earth is a 
geodesic in the curved four-dimensional 
space around the sun." In other words, 
the line ABeD in the drawing cor
responds to the shortest four-dimension
al distance between the position of the 
earth in January (at A) and its position 
in October (at D) . 

Einstein's idea of the gravitational 
curvature of space-time was, of 

course, triumphantly affirmed by the dis
covery of perturbations in the motion 
of Mercury at its closest approach to the 
sun and of the deflection of light rays by 
the sun's gravitational field. Einstein 
next attempted to apply the idea to the 
universe as a whole. Does it have a 
general curvature, similar to the lo
cal curvature in the sun's gravitational 
field? He now had to consider not a 
single center of gravitational force but 
countless centers of attraction in a uni
verse full of matter concentrated in 
galaxies whose distribution fluctuates 
considerably from region to region in 
space. However, in the large-scale view 
the galaxies are spread fairly uniformly 
throughout space as far out as our big
gest telescopes can see, and we can justi
fiably "smooth out" its matter to a gen
eral average (which comes to about one 
hydrogen atom per cubic meter) . On this 
assumption the universe as a whole has 
a smooth general curvature. 

But if the space of the universe is 
curved, what is the sign of this curva
ture? Is it positive, as in our two-dimen
sional analogy of the surface of a sphere, 
or is it negative, as in the case of a saddle 
surface? And, since we cannot consider 
space alone, how is this space curvature 
related to time? 

Analyzing the pertinent mathematical 
equations, Einstein came to the conclu
sion that the curvature of space must be 
independent of time, i.e., that the uni
verse as a whole must be unchanging 

Leonardo Da Vinci's experimef1ts 
in flight and his insight which 
approached prophecy, are re
vealed in manuscript notes, 
written by him in reversed mir
r.o�-:Jmage writing. (To read in
scripti.an place mirror upright 
above top line.) 

. Leonardo Da Vinci 
home at Farnsworth where facilities for 
research, development and production 
translate' dreams like his into realiti 

Take, for instance, guidance and control 
systems for such missiles as TERRIER, 
TALOS, SPARROW and others. Far 
worth's ability and capacity to reproduce 
Leonardo's "instrument with all its move
ments" is an established fact. 

That's only one phase of our many ac
tivities. Others include missile test equip-

L men't sYS,tems, microwaves, radar and � counter-measures, infra-red systems, .!t dustrial electronics, antennas, transistor '.\}... an'q pulse . circuitry and packaging 

ENOUGH',HERE 
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HUNDRED DA VINCIS� 
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Address Technical EmplQyment DirectQr , 
FARNSWORTH REmONICS COMPANY, FORT WAYNE, INDIANA 

A Diviswn Qf International Telephone and Telegraph Corpqration 
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(though it changes internally). How
ever, he found to his surprise that there 
was no solution of the equations that 
would permit a static cosmos. To repair 
the situation, Einstein was forced to in
troduce an additional hypothesis which 
amounted to the assumption that a new 
kind of force was acting among the galax
ies. This hypothetical force had to be in-

dependent of mass (being the same for 
an apple, the moon and the sun!) and to 
gain in strength with increasing distance 
between the interacting objects (as no 
other forces ever do in physics!). 

D 

Einstein's new force, called "cosmic 
repulsion," allowed two mathematical 
models of a static universe. One solution, 
which was worked out by Einstein him-
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MOTION OF BODY in the curved "space.time continuum" of Albert Einstein is repre· 

sented by the "world line" of the earth's motion around the sun. Here the sun is the small 

open circle in each of the four planes. The earth is the black dot on the elliptical orbit. Each 

plane shows the position of the earth at a month of the year. The world line is in color. 
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self and became known as "Einstein's 
spherical universe," gave the space of the 
cosmos a positive curvature. Like a 
sphere, this universe was closed and 
thus had a finite volume. The space co
ordinates in Einstein's spherical universe 
were curved in the same way as the lati
tude or longitude coordinates on the 
surface of the earth. However, the time 
axis of the space-time continuum ran 
quite straight, as in the good old classical 
physics. This means that no cosmic event 
would ever recur. The two-dimensional 
analogy of Einstein's space-time con
tinuum is the surface of a cylinder, with 
the time axis running parallel to the axis 
of the cylinder and the space axis per
pendicular to it [see drawing at left on 
page 145]. 

The other static solution based on 
the mysterious repulsion forces was dis
covered by the Dutch mathematician 
Will em de Sitter. In his model of the uni
verse both space and time were curved. 
Its geometry was similar to that of a 
globe, with longitude serving as the 
space coordinate and latitude as time 
[drawing at right on page 145]. 

Unhappily astronomical observations 
contradicted both Einstein's and de Sit
ter's static models of the universe, and 
they were soon abandoned. 

I 
n the year 1922 a major turning point 

came in the cosmological problem. 
A Russian mathematician, Alexander A. 
Friedman (from whom the author of this 
article learned his relativity), discovered 
an error in Einstein's proof for a static 
universe. In carrying out his proof Ein
stein had divided both sides of an equa
tion by a quantity which, Friedman 
found, could become zero under certain 
circumstances. Since division by zero is 
not permitted in algebraic computations, 
the possibility of a non static universe 
could not be excluded under the circum
stances in question. Friedman showed 
that two nonstatic models were possible. 
One pictured the universe as expanding 
with time; the other, contracting. 

Einstein quickly recognized the im
portance of this discovery. In the last 
edition of his book The Meaning of Rela
tivity he wrote: "The mathematician 
Friedman found a way out of this dilem
ma. He showed that it is possible, accord
ing to the field equations, to have a 
finite density in the whole (three-dimen
sional) space, without enlarging these 
field equations ad hoc." Einstein re
marked to me many years ago that the 
cosmic repulsion idea was the biggest 
blunder he had made in his entire life. 

Almost at the very moment that 
Friedman was discovering the possibility 
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of an expanding universe by mathemat
ical reasoning, Edwin P. Hubble at the 
Mount Wilson Observatory on the other 
side of the world found the first evidence 
of actual physical expansion through his 
telescope. He made a compilation of the 
distances of a number of far galaxies, 
whose light was shifted toward the red 
end of the spectrum, and it was soon 
found that the extent of the shift was 
in direct proportion to a galaxy's dis
tance from us, as estimated by its faint
ness. Hubble and others interpreted the 
red-shift as the Doppler effect-the well
known phenomenon of lengthening of 
wavelengths from any radiating source 
that is moving rapidly away (a train 
whistle, a source of light or whatever) . 
To date there has been no other reason
able explanation of the galaxies' red
shift. If the explanation is correct, it 
means that the galaxies are all moving 
away from one another with increasing 
velocity as they move farther apart. 

Thus Friedman and Hubble laid the 
foundation for the theory of the expand
ing universe. The theory was soon de
veloped further by a Belgian theoretical 
astronomer, Georges Lemaitre. He pro
posed that our univel'se started from a 
highly compressed and extremely hot 
state which he called the "primeval 
atom." (Modern physicists would pre
fer the term "primeval nucleus.") As 
this matter expanded, it gradually 
thinned out, cooled down and reag
gregated in stars and galaxies, giving 
rise to the highly complex structure of 
the universe as we know it today. 

Until a few years ago the theory of 
the expanding universe lay under the 
cloud of a very serious contradiction. 
The measurements of the speed of flight 
of the galaxies and their distances from 
us indicated that the expansion had 
started about 1.8 billion years ago. On 
the other hand, measurements of the 
age of ancient rocks in the earth by the 

clock of radioactivity ( i.e., the decay 
of uranium to lead) showed that some 
of the rocks were at least three billion 
years old; more recent estimates based 
on other radioactive elements raise the 
age of the earth's crust to almost five 
billion years. Clearly a universe 1.8 bil
lion years old could not contain five
billion-year-old rocks! Happily the con
tradiction has now been disposed of by 
Walter Baade's recent discovery that the 
distance yardstick (based on the periods 
of variable stars) was faulty and that 
the distances between galaxies are more 
than twice as great as they were thought 
to be. This change in distances raises 
the age of the universe to five billion 
years or more. 

Friedman's solution of Einstein's cos
mological equation, as I mentioned, per
mits two kinds of universe. We can call 
one the "pulsating" universe. This model 
says that when the universe has reached 
a certain maximum permissible expan
sion, it will begin to contract; that it will 
shrink until its matter has been com
pressed to a certain maximum density, 
possibly that of atomic nuclear material, 
which is a hundred million million times 
denser than water; that it will then begin 
to expand again-and so on through the 
cycle ad infinitum. The other model is a 
"hyperbolic" one: it suggests that from 
an infinitely thin state an eternity ago 
the universe contracted until it reached 
the maximum density, from which it 
rebounded to an unlimited expansion 
which will go on indefinitely in the 
future. 

The question whether our universe is 
actually "pulsating" or "hyperbolic" 
should be decidable from the present 
rate of its expansion. The situation is 
analogous to the case of a rocket shot 
from the surface of the earth. If the 
velocity of the rocket is less than seven 
miles per second-the "escape velocity"
the rocket will climb only to a certain 

SPHERICAL UNIVERSE of Einstein may be represented in two dimensions by a cylinder 

(left). Its space coordinates were positively curved but its time coordinate was straight. 

The spherical universe of Willem de Sitter had positively curved coordinates (right). 

PENGUIN CHICK homes under astonished mother as 
expedition photographer invades Ross Island rookery. 
Official United Stotes Navy photograph. 
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mology. 
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Leonard resistors have gone along on 
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Beacon Transmitter, built by Gates Radio 
Company, Quincy, Illinois. They'll help 
the expedition's aircraft return safely to 
base under the most severe weather con
ditions anywhere on our planet - where 
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in the overall whiteness of ice and sky. 

In the Antarctic wastes a lot depends on 
the reliability of the radio homing equip
ment. That's why Gates Radio engineers 
selected Ward Leonard resistors for use in 
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far exceed these specs. 

The gear you're designing and build
ing - whether destined to explore polar 
wastes or stay close to home - can prob
ably also benefit by the dependability 
and consistent performance we've built 
into Ward Leonard products- resistors, 
relays, rheostats, controls, or dimmers. 

Find out more about these � 
products for your critical appli-
cations. Write Ward Leonard 
Electric Company, 80 South � Street, Mount Vernon, N. Y. 6.6 

145 

© 1956 SCIENTIFIC AMERICAN, INC



height and then fall back to the earth. 
(If it were completely elastic, it would 
bounce up again, etc., etc.) On the 
other hand, a rocket shot with a velocity 
of more than seven miles per second 
will escape from the earth's gravitational 
field and disappear in space. The case 
of the receding system of galaxies is very 
similar to that of an escape rocket, ex
cept that instead of just two interacting 
bodies (the rocket and the earth) we 
have an unlimited number of them es
caping from one another. We find that 
the galaxies are fleeing from one an
other at seven times the velocity neces
sary for mutual escape. 

Thus we may conclude that our uni
verse corresponds to the "hyperbolic" 
model, so that its present expansion will 
never stop. We must make one reserva
tion. The estimate of the necessary es
cape velocity is based on the assumption 
that practically all the mass of the uni
verse is concentrated in galaxies. If inter
galactic space contained matter whose 
total mass was more than seven times 
that in the galaxies, we w�uld have to 
reverse our conclusion and decide that 
the universe is pulsating. There has been 
no indication so far, however, that any 
matter exists in intergalactic space, and 
it could have escaped detection only if 
it were in the form of pure hydrogen gas, 
without other gases or dust. 

I s the universe finite or infinite? This 
resolves itself into the question: Is the 

curvature of space positive or negative
closed like that of a sphere, or open like 
that of a saddle? We can look for the 
answer by studying the geometrical prop
erties of its three-dimensional space, just 
as we examined the properties of figures 
on two-dimensional surfaces. The most 
convenient property to investigate astro
nomically is the relation between the vol
ume of a sphere and its radius. 

We saw that, in the two-dimensional 
case, the area of a circle increases with 
increasing radius at a faster rate on a 
negatively curved surface than on a 
Euclidean or flat surface; and that on a 
positively curved surface the relative 
rate of increase is slower. Similarly the 
increase of volume is faster in negatively 
curved space, slower in positively curved 
space. In Euclidean space the volume 
of a sphere would increase in proportion 
to the cube, or third power, of the in
crease in radius. In negatively curved 
space the volume would increase faster 
than this; in positively curved space, 
slower. Thus if we look into space and 
find that the volume of successively 
larger spheres, as measured by a count 
of the galaxies within them, increases 
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PULSATING AND HYPERBOLIC uni· 

verses are represented by curves. The 

pulsating universe at the top repeatedly ex· 

pands to a maximum permissible density 

and contracts to a minimum permissible 

density. The hyperbolic universe at the bot· 

tom contracts and then expands indefinitely. 

faster than the cube of the distance to 
the limit of the sphere (the radius), we 
can conclude that the space of our uni
verse has negative curvature, and there
fore is open and infinite. By the same 
token, if the number of galaxies increases 
at a rate slower than the cube of the dis
tance, we live in a universe of positive 
curvature-closed and finite. 

Following this idea, Hubble under
took to study the increase in number of 
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this product. 

Qualified engineers are needed 
now. Write for information. 

CO.PO.A .... ON 

�iResearch Manufacturing Divisions 
Los Angeles 45, California· Phoenix, Arizona 

Designers and manufacturers of aircraft systems lind components: RE,FIIGUATION SYSTEMS · PNEUMATIC VALVES AND CONTROLS · U,.PlUTUIt( CONUQLS 

tAIIM All CO .. 'IU$OU • lUIt'IN[ MOTOas • 'AS TUIIINE [NGINES • CAli" 'ltnsult[ CONTIIOts • HEAT TRANSFER EQUIPM£NT • UECTIU).IIUCHANICAL EOl:If'MENT • ELECTIONIC COMPUlUS AND CONTROLS 
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ACCURATE TEMPERATURE 
CONTROL of Hydraulic Liquids 

PREVENTS LOSSES 

galaxies with distance. He estimated the 
distances of the remote galaxies by their 
relative faintness: galaxies vary consid
erably in intrinsic brightness, but over 
a very large number of galaxies these 
variations are expected to average out. 
Hubble's calculations produced the con· 
clusion that the universe is a closed 
system-a small universe only a few bil
lion light-years in radius! 

We know now that the scale he was 
using was wrong: with the new yardstick 
the universe would be more than twice 
as large as he calculated. But there is 
a more fundamental doubt about his 
result. The whole method is based on the 
assumption that the intrinsic brightness 
of a galaxy remains constant. What if it 
changes with time? We are seeing the 
light of the distant galaxies as it was 
emitted at widely different times in the 
past-SOD million, a billion, two billion 
years ago. If the stars in the galaxies are 
burning out, the galaxies must dim as 
they grow older. A galaxy two billion 
light-years away cannot be put on the 
same distance scale with a galaxy 500 
million light-years away unless we take 
into account the fact that we are seeing 
the nearer galaxy at an older, and less 
bright, age. The remote galaxy is farther 
away than a mere comparison of the 
luminosity of the two would suggest. 

RADIATION PREVAilS 

When a correction is made for the 
assumed decline in brightness with age, 
the more distant galaxies are spread out 
to farther distances than Hubble as
sumed. In fact, the calculations of vol
ume are changed so drastically that we 
may have to reverse the conclusion about 
the curvature of space. We are not sure, 
because we do not yet know enough 
about the evolution of galaxies. But if we 
find that galaxies wane in intrinsic 
brightness by only a few per cent in a 
billion years, we shall have to conclude 
that space is curved negatively and the 
universe is infinite. 

Actually there is another line of rea
soning which supports the side of in
finity. Our universe seems to be hyper
bolic and ever-expanding. Mathemat
ical solutions 'of fundamental cosmolog
ical equations indicate that such a uni
verse is open and infinite. 

We have reviewed the questions that 
dominated the thinking of cosmol

ogists during the first half of this century: 
the conception of a four-dimensional 
space-time continuum, of curved space, 
of an expanding universe and of a cosmo" 
which is either finite or infinite. Now we 
must consider the major present issue in 
cosmology: Is the universe in truth evolv
ing, or is it in a steady state of equilibri-

MATTER PREVAilS 
• This NIAGARA AERO HEAT 10-18 ! EXCHANG ER cools the liquid for 

a large hydraulic press, preventing 

heat damage to the pump stuffing 

boxes. Using outdoor air as the evap

orative cooling medium, it removes 

the heat at the rate of input (1,875,000 
BTU/ hr.) with no cooling water 

consumption except a negligible 

amount evaporated. 

Similar Niagara machines cool 

water, oils, solutions, lubricants and 

coolants for many mechanical, elec

trical and chemical processes. In a 

closed system, your coolant is never 

contaminated. The- system is simple 

and easy to keep up; the equipmeot 

has a long, useful life. 

Write for Bulletin 120 
for a compJete description 

NIAGARA BLOWER COMPANY 
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AGE (SECONDSI 

RELATIVE DENSITY OF MATTER AND RADIATION is reversed during the history of 

an evolutionary universe. Up to 250 million years (broken vertical line) the mass density of 

radiation (solid curve) is greater than that of matter (broken curve). After that the density 

of matter is greater, permitting the formation of huge gas clouds. The gray line is the present. 

• 

© 1956 SCIENTIFIC AMERICAN, INC



GRAPHITAR® is the main shaft seal in 
(CARBON· GRAPHITE) 

the PRATT & WHITNEY J57 turbojet engine 

• Boeing's B·52 / 
Intercontinental Bomber, the striking--,( 

arm of our Strategic Air Command, is powered by 
eight twin·spool axial· flow turbojet engines manufactured by the Pratt 

& Whitney Aircraft Division of United Aircraft Corporation, East Hartford, 
Connecticut. These turbojets are in the 10,000 pound thrust class and in engines 
of this caliber, complete dependability is vital. One of the components of the J 5 7 

is a GRAPHITAR air/oil seal employed on the turbine main shaft which, naturally, is 
turning at high speeds. The GRAPHITAR seal also easily withstands the maximum 

operating pressures developed in the engine. The slots in the face of the seal 
(shown approximately % size) are for pressure balance and cooling. This 
Main Shaft Seal is just one of several GRAPHITAR seals used in the J 5 7 
engine. GRAPHITAR parts can resist such taxing physical conditions 
because they are strong, self· lubricating, and practically inert. 

GRAPHITAR has excellent wearing properties and cannot be 
corroded by most chemicals. Where the application is 

tough, and complete dependability important, 
GRAPHITAR is the engineering material to specify. 

From the Pratt & Whitney Turbo
jet Engine to the atomic sub
marine Nautilus, from automobile 
pumps to automatic toasters, 
GRAPHITAR is aiding the per
formance of literally hundreds 
of highly diverse products. It can 
be formed in relatively compli
cated s hapes a n d  g r o u n d  to 
tolerances as close as .0005" for 
seals, bea r ings, vanes, piston 
liners, and many other parts. 
For complete facts write for our 
new GRAPHITAR Engineer ing 

Bulletin No. 20. 

THE UNITED STATES GRAPHITE COMPANY 
DIVISION OF THE WICKES CORPORATION . SAGINAW. MICHIGAN 
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N E U TRO N S  

THERMONUCLEAR REACTIONS during the first 

30 minutes of an evolutionary universe may, Gamow 

believes, account for the present assortment of ele· 

ments. Neutrons fuse with protons ( hydrogen 1 )  to 

form deuterium ( hydrogen 2) and helium 4. The 

denterium is then built up into the heavier elements. 

urn which has always existed and will go 
on through eternity? Most cosmologists 
take the evolutionary view. But in 1951 
a group at the University of Cambridge, 
whose chief spokesman has been Fred 
Hoyle, advanced the steady-state idea.  
Essentially their theory is  that the uni
verse is infinite in space and time, that 
it has neither a beginning nor an end, 
that the density of its matter remains 
constant, that new matter is steadily 
being created in space at a rate which 
exactly compensates for the thinning of 
matter by expansion, that as a conse
quence new galaxies are continually be
ing born, and that the galaxies of the 
universe therefore range in age from 
mere youngsters to veterans of 5, 10, 
20 and more billions of years. In my 
opinion this theory must be considered 
very questionable because of the simple 
fact (apart from other reasons) that the 
galaxies in our neighborhood all seem 
to be of the same age as our own Milky 
Way. But the issue is many-sided and 
fundamental, and can be settled only by 
extended study of the universe as far as 
we can observe it. Hoyle presents the 
steady-state view in the following article 
[page 157]. Here I shall summarize the 
evolutionary theory. 

We assume that the universe started 
from a very dense state of matter. In the 

I early stages of its expansion, radiant 

energy was dominant over the mass of 
matter. We can measure energy and 
matter on a common scale by means 
of the well-known equation E = mc2, 
which says that the energy equivalent 
of matter is the mass of the matter 
multiplied by the square of the velocity 
of light. Energy can be translated into 
mass, conversely, by dividing the ener
gy quantity by c2• Thus we can speak 
of the "mass density" of energy. Now 
at the beginning the mass density of 
the radiant energy was incomparably 
greater than the density of the matter 
in the universe. But in an expanding 
system the density of radiant energy 
decreases faster than does the density 
of matter. The former thins out as the 
fourth power of the distance of expan
sion: as the radius of the system dou
bles, the density of radiant energy drops 
to one sixteenth. The density of matter 
declines as the third power; a doubling 
of the radius means an eightfold in
crease in volume, or eightfold decrease 
in density. 

Assuming that the universe at the 
beginning was under absolute rule by 
radiant energy, we can calculate that 
the temperature of the universe was 250 
million degrees when it was one hour old, 
dropped to 6,000 degrees (the present 
temperature of our sun's surface) when 
it was 200,000 years old and had fallen 
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Th ey can . . .  i f  yo u  start yo ur 
Do uglas care er n o w  1 

Douglas has many things to offer the career
minded engineer ! 
. . .  there's the stimulating daily contacts with 
men who have designed and built some of the 
world's finest aircraft and missiles ! 
. . .  there's enough scope to the Douglas opera
tion so a man can select the kind of work he 
likes best ! 
. . .  there's security in the company's $2 Billion 
backlog of military and commercial contracts! 
. . .  and there's every prospect that in 10 years 
you'll be where you want to be professionally, 
and you'll be in both the income level and geo
graphical location to enjoy life to its full. 

Wi l l  you r  i ncom e  
a nd locat ion  

a l l ow you to  l ive 
in  a home 
l i ke t h i s  . . .  
spend you r  
l e i s u re t i m e  

l i ke th i s ? 

For further information about opportunities with 
Douglas in Santa Monica, El Segundo and Long 
Beach, California and Tulsa, Oklahoma, write 
today to: 

D O U G L A S  A I R C R A F T  C O M P A N Y , I N C .  
C. C. La Vene, 3000 Ocean Park Blvd. 

Santa Monica, California 

First in Aviation 
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HERMETICALLY SEALED 
ROTARY SELECTOR SWITCHES 

AND STEPPING RELA YS 

·Circuits shoulcJ allow lor header pins 
to carry arc: suppression items externally 

THESE STANDARD HERMETICALLY SEALED ENCLOSURES ARE NOW AVAILABLE FOR LEDEX 

Hermetically sealed Ledex switches are moisture-proof, dust-proof 
and protected from the effects of salt-spray, fungus and humidity. 
Also, many of the hermetically sealed Ledex selectors qualify for 
the requirements of MIL-E-5272A. Ledex selectors simplify installa
tion problems, reduce wiring time to a minimum and prevent damage 
caused by tampering. 

Many switching combinations are available with the standard 
models. If the standard models do not answer your specific require
ments, send the salient facts of your special hermetically sealed 
selector switch problem to us for our recommendations. 

For best delivery specify one, ten or 
fifteen pin headers. (Illustrated) 

to about 100 degrees below the freezing 
point of water when the universe reached 
its 250-millionth birthday. 

This particular birthday was a crucial 
one in the life of the universe . It was 
the paint at which the density of ordinary 
matter became greater than the mass 
density of radiant energy, because of the 
more rapid fall of the latter [ see chart on 
page 148]. The switch from the reign of 
radiation to the reign of matter pro
foundly changed matter's behavior. Dur
ing the eons of its subjugation to the 
will of radiant energy ( i .e., light) , it 
must have been spread uniformly 
through space in the form of thin gas. 
But as soon as matter became gravita
tionally more important than the radiant 
energy, it began to acquire a more in
teresting character. James Jeans, in his 
classic studies of the physics of such a 
situation, proved half a century ago that 
a gravitating gas filling a very large 
volume is bound to break up into indi
vidual "gas balls," the size of which is 
determined by the density and the tem
perature of the gas. Thus in the year 
250,000,000 A. B .  E. (after the begin
ning of expansion) , when m atter was 
freed from the dictatorship of radiant 
energy, the gas broke up into giant gas 
clouds, slowly drifting apart as the uni
verse continued to expand. Applying 
Jeans's mathematical formula for the 
process to the gas filling the universe at 
that time, I have found that these pri
mordial balls of gas would have had just 
about the mass that the galaxies of stars 
possess today. They were then only "pro
togalaxies"-cold, dark and chaotic. But 
their gas soon condensed into stars and 
formed the galaxies as we see them now. 

A central question in this picture of 
the evolutionary universe is the 

problem of accounting for the formation 
of the varied kinds of matter composing 
it-i.e. ,  the chemical elements. The ques
tion is discussed in detail in another ar
ticle in this issue [see page 82] . My be
lief is that at the start matter was com
posed simply of protons, neutrons and 
electrons. After five minutes the universe 
must have cooled enough to permit the 
aggregation of protons and neutrons into 
larger units, from deuterons (one neu
tron and one proton) up to the heaviest 
elements. This process must have ended 
after about 30 minutes, for by that time 
the temperature of the expanding uni
verse must have dropped below the 
threshold of thermonuclear reactions 
among light elements, and the neutrons 
must have been used up in element
building or been converted to protons. 

To many a reader the statement that 
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See B e c krn a n® 
a u t o m a t i o n  

at th e I . S . A. s h ow 

CD Bec k m an auto m ati o n  is instruments and systems . . .  that integrate 

the vital functions of production, of business and research . . .  to provide 

management with essential operating data and controls. 

CD Bec k m an auto m ati o n  at the 1956 I.S.A. Show reveals the tools for 

sensing, gathering, transmitting, reducing and computing information for 

production control . . . tools for computation of data for marketing and 
finance and for analysis and measurement in research. This concept of 

automation is symbolized by the two basic loops whose link is manage· 

ment, the directive nerve center of the data network. 

It's automatic control . . .  the reality of today and the promise of the future. 

CD Beckman auto m at i o n at the I.s.A. Show concerns you vitally now. 
It will have even greater significance tomorrow. 

see Beckman auto m at i o n  at the 1. S. A. Show 
11th Annual Instrumentation·Automation 

Conference and Exhibit ( International ) 

New York Coliseum, 

New York, N. Y. 

Booths 721 and 821 

September 17-21,  1956 

SCIENTIFIC instruments division. Fullerton. Calif. _ BERKELEY division. Richmond. Calif. - HELIPOT corporation. Newport Beach.Calif. 

SPINCO division . Belmont. Calif. _ INTERNATIONAL division.  Fullerton. Calif. 
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E N G I N E E RS ,  
Electronic & Mechanical 

PHYSICISTS: 

C h o o s e  y o u r  l o cati o n  
'W h e n  y o u  j o i n  M e l p a r  

Melpar's R & D  operations are centered near and in two of the 
country's more desirable communities : Washington, D.C. ,  Water
town and Boston, Massachusetts, each of which affords engineers 
the opportunity to enj oy research, cultural and recreational re
sources well above the average. 

Regardless of which locale he selects, the engineer will find 
that our advancement policies and organizational structure provide 
opportunities uncommon to the industry as a whole. 

Individual performance heads the list of factors which de
termine progress. Regardless of age, experience or tenure, an 
engineer is  given more complex responsibilities as soon as h e  is 

ready. There is  always room to move ahead at Melpar, because we 
have doubled in size every 18  months for the past 10  years, with a 
proportionate increase in top and middle level openings. 

Our engineers gain comprehensive experience in all phases of 
engineering problems. Each is  assigned to a proj ect team which is 
charged with responsibility for whole problems, from design con
cept to completion of prototype. 

The engineer will find each of Melpar's laboratories splendidly 
equipped with an eye to both present and future needs. Fully air
conditioned, each laboratory has recently acquired additional 
facilities. 

We extend financial support to those who intend to pursue 
advanced study. Fully accredited courses are available at our main 
laboratories. 

Write for c omplete information, indicating geographical 
preference. Qualified candidates will be invited to visit Melpar 
laboratories at Company expense. 

Top Level Openings Exist in  These Fields: 
N etwork Theory - Syste ms Eva l uation _ M icrowave Tech n ique _ U H F, 
VH F, or S H F  Receivers - Analog Com puters _ M a g n etic Ta pe H a n 
d l i n g  - Digital  Co m p uters _ Rad a r  a n d  Countermeasures _ Packa g i n g  
El ectronic Eq uipment _ P u l s e  Circu itry _ M icrowave Filters _ Fl ight 
Simu l ators - Servomechanisms _ Subminiaturization _ Electro- Me
chan ical  Desig n _ Smal l  Mecha nisms - Qual ity Control a n d  Test En
g i nee�ing 

Write : Technical Persollnel Represell ta tive 

M E L PA R  Incorporated 
A Subsidiary of Westinghouse Air Brake Company 

3202 Arli ngton Boulevard, Fal ls  Chu rch, Virginia 
Positions a l so ava i l a b l e  at our  l a b o ratories i n  Boston a n d  Watertown,  M ass. 

the present chemical constitution of our 
universe was decided in half an hour five 
billion years ago will sound nonsensical. 
But consider a spot of ground on the 
atomic proving ground in Nevada where 
an atomic bomb was exploded three 
years ago. Within one microsecond the 
nuclear reactions generated by the bomb 
produced a variety of fission products. 
Today, 100 million million m icroseconds 
later, the site is still "hot" with the sur
viving fission products . The ratio of one 
microsecond to three years is the same as 
the ratio of half an hour to five billion 
years ! If we can accept a time ratio of 
this order in the one case, why not in the 
other? 

The late Enrico Fermi and Anthony 
L. Turkevich at the Institute for Nuclear 
Studies of the University of Chicago 
undertook a detailed study of thermonu
clear reactions such as must have taken 
place during the first half hour of the 
universe's expansion. They concluded 
that the reactions would have produced 
about equal amounts of hydrogen and 
helium, making up 99 per cent of the 
total material, and about 1 per cent of 
deuterium. We know that hydrogen and 
helium do in fact make up about 99 per 
cent of the m atter of the universe. This 
leaves us with the problem of building 
the heavier elements. I hold to the opin
ion that some of them were built by 
capture of neutrons. H owever, since the 
absence of any stable nucleus of atomic 
weight 5 makes it improbable that the 
heavier elements could have been pro
duced in the first half hour in the abun
dances now observed, I would agree that 
the lion's share of the heavy elements 
may well have been formed later in the 
hot interiors of stars . 

�l the theories-of the origin, age, ex-
tent, composition and nature of the 

universe-are becoming more and more 
subject to test by new instruments and 
new techniques, which are described in 
later articles in this issue. In the article 
on the red-shift investigations, Allan 
Sandage reports a tentative finding that 
the expansion of the universe may be 
slowing down. If this is confirmed, it 
may indicate that we live in a pulsating 
universe. But we must not forget that the 
estimate of distances of the galaxies is 
still founded on the debatable assump
tion that the brightness of galaxies does 
not change with time. If galaxies actu
ally diminish in brightness as they age, 
the calculations cannot be depended up
on. Thus the question whether evolution 
is or is not taking place in the galaxies 
is of crucial importance at the present 
stage of our outlook on the universe. 
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Booster Vacuum Pump 

Tools to Attain New Horizons in the "Atomic Age " Come From 
ENGI N EERI NG " KNOW HOW" 

K I N N EY MANU FACTU R I N G  D I V I S I O N  

Boston, Mall. 

KINNEY Vacuum Pumps, O.tDl icron, 
capacity to 5000 cfm; K I Nmy Ro
tating Plunger and Heliquad Liquid 
Handling Pumps, to 3000 gpm. 

V A C U U M  E Q U I PMENT D I V I S I O N  

Philadelphia, Po. 

Complete KINNEY Vacuum Systems, 
E q u i p m e n t  a n d  C o m p o n e n t s ,  
Vacuum Research a n d  Engineering .

. 

KALAMAZOO D I V I S I O N  

"Kalamazoo, Mich. 

H Y D R E C O  G e a r - T y p e  H y d r a u l i c  
Pump., 3 t o  1 20 gpm; Fluid Motors, 
3 to 52 hp; Cylinders; Control and 
Auxil iary Valves; 1 500 psi. DUDCO 
Dual-Vane Hydraulic Pump., 3 to 
1 20 gpm; Fluid Motors, 7 to 1 40 hp; 
2000 pli operation. 

WATERTOWN D I V I S I ON 

Watertown, N. Y.  

Railroad air brake equipment of al l  
types;  STRATOPOW E R  H y d r a u l i c  
Pumps for  Aircraft, to 3000 psi. 

A U RORA PUMP D I V I S I ON 

Aurora, I I I.  

liquid Handling Pumps, AU RORA 
Centrifugals and deep well Tur
bine., 7000 gpm, 500 ft. heads. 
APCO Turbine-typo 1 50 gpm, 600 
ft. head •. Condenlote Return Unit •. 

Modern High Vacuum technology is 
opening many doors which physicists 
and scientific researchers now know 
lead to exciting developments in the fu
ture. As dramatic as they are, today's 
accomplishments are but forerunners of 
many more to come. To name but a few 
which had their genesis in Vacuum Pro
cessing, there are: Atomic Accelerators, 
Radar, Transistors and other Electronic 
Components, TV Tubes, Neon and In
candescent Lighting, Refrigeration and 
Air Conditioning, "Wonder Metals" 
Titanium, Zirconium, etc. and the Mycin 
"Wonder Drugs." 

Engineers of The New York Air Brake 
Company are bringing ever-improved 
Vacuum Equipment to the scientist in 
the laboratory and the production engi
neer in the plant. The KINNEY MFG. 
and VACUUM EQUIPMENT Divisions 
o( The New York Air Brake Company 
are the natural sources for the answers 

to questions and problems involving 
High Vacuum. Remember the name 
KINNEY - it's important to those who 
use Vacuum . . .  it may well be very 
Important to you! 

New developments are the norm through
out The New York Air Brake Company. 
In Hydraulics, HYDRECO and DUDCO 
Fluid Power components enable builders 
of Mobile Equipment and Machine Tools 
to attain higher and higher performance 
from their equipment. STRATOPOWER 
Pumps and Fluid Motors, of watch-like 
precision, help to advance frontiers in 
the sky in aircraft, guided missiles and 
rockets. Railroad Air Brakes of new de
sign, bearing the· NY mark, are on New 
York Central's famous Train X. 

Write today for literature that will give 
you an insight into what New York Air 
Brake's imaginative engineering holds 
for you. 

T H E  N E W Y O R K  A I R B R A K E  C O M P A N Y  
2 3 0  P A R K A V E N U E  • N E W Y O R K  1 7 , N .  Y.  
I .N T U N A T I O N A L  S A U S  O f f i C I ,  ' 0  W E S T  S T  . .  , N I W  Y O . K  ' .  N .  Y _  
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a t  o ur s witch 
PRESSURE SWITCHES play an important part 

in the automatic control of missiles, through which 

we are adding to our knowledge of the celestial 

spheres. While cosmologists disagree in some of 

their speculations, every reader who has ever wired 

a relay, or whittled out a windmill, agrees that a 

simple design is preferable to a complex one. 

Direct inquiries to Salesmonoger, MElETRON CORPORA. 
TION, 950 No. Highland Ave . ,  los Angeles 38, Calif., or 
to Roy Matlock, eastern factory represe n tative, 435 Teaneck 
Rd., Teaneck, New Jersey; J .  M. Wolthew Co. ,  Boe i n g  F ie ld,  

Seatt le  6,  Was h .} Joseph C.  Soroghon & Associ a tes, 1 6 1 2  Eye 
St . ,  N.E . ,  WashI ngton 6 ,  D .  c.;  J.  N .  Fauver  Co. , Inc . ,  49 
W. Hancock Road,  Detroit ,  M i c h . ;  George E .  Harris & Co., 
I n c . ,  3241 E .  Douglas Ave . ,  Wichita, Kansas; 701 E .  63rd 
St • •  Kansas C i ty, Mo.;  781 1 Caronde l e t  Ave. ,  St.  louis, Mo., 
503 Circ le  Drive, Arl i ngton, Texas IDol las-ft. Worth) ,  

I 

• 

requlrem.ents  
LOOK FOR DEPENDABILITY, the primary re

quirement. Meletron switches are simple in design, 

small in size, light in weight, consistent in perfor

mance. They are meticulously checked through ten 

quality control steps to insure dependability. For 

18 years Meletron switches have had a record of 

successful performance. 

As we explore the Un iverse, reliable pressure 

switches make important contributions to the auto

matic control of rockets and missiles. 

Manufacturers of pressure actuated. vacuum actuated and a l titude actuated 
pressure switches,. for all appl ications from zero absolute to 1 2,000 psi gauge. 
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THE STEADY-STATE UNIVERSE 

Some cosmologists dissent from the evolutionary view, holding that 

the large-scale features of the expanding universe do not change, 

and that its density has been maintained by the creation of matter 

T
he theory of a steady-state uni
verse leads to many startling con
clusions: that the universe had no 

beginning and will have no end, that 
space as well as time is infinite, that 
matter is continually being created 
throughout space-to mention a few. 
Human nature being what it is, there 
has been a tendency to become involved 
in emotional attitudes toward these con
cepts, instead of confining the discus
sion to purely scientific criteria. If the 
writer, along with critics, has trans
gressed in this respect, he promises to 
give some redress in this article. 

The steady-state theory holds that the 
large-scale features of the universe do 
not change with time. Only the galaxies 
and clusters of galaxies change; if we 
"smear out" their material uniformly 
through space and consider the general 
properties of the cosmos, it is unchang
ing. The expansion of the universe is a 
basic feature of the theory. The ques
tion arises: If the galaxies are moving 
apart from each other, why does space 
not become more and more empty? The 
answer of the theory is that new galaxies 
and clusters of galaxies are constantly 
being formed, their rate of formation 
just compensating for the separating ef
fect of the expansion. So a stable situ
ation is preserved. 

Before we go on to consider the rea
soning, predictions and tests of steady
state cosmology, the writer should pOint 
out that his own approach to the theory, 
and also that of William H. McCrea of 
the University of London, differs rather 
markedly from the approach of Her
mann Bondi and Thomas Gold. The 
writer's approach is a mathematical one 
developed in the framework of the theo
ry of relativity. Bondi's and Gold's is 
founded on an intuitive but powerful 
physical principle. To understand their 
outlook we must look into the nature of 

by Fred Hoyle 

this postulate, which is called the "cos
mological principle." 

Cosmology differs from all other 
branches of physical science in a very 
important respect. Whereas other physi
cal scientists deal always with isolated 
systems, whose "boundary conditions" 
can be defined, a cosmologist has to deal 
with a nonisolated system. To cope with 
this unhappy situation he is forced to 
adopt a "symmetry" postulate, which 
says that, local fluctuations apart, the 
universe will look the same from wher
ever one views it. That is to say, it as
sumes that observers attached to differ
ent galaxies anywhere in the cosmos 
would all obtain exactly the same large
scale picture of the universe. But if the 
universe changes with time, this implies 
that the different observers compare 
their pictures at the same time, which of 
course requires us to have a definition 
of what we mean by "at the same time." 
In order to make a definition of simul
taneity possible, the mathematician Her
mann Weyl advanced the additional 
postulate that the motions of the galaxies 
follow a regular type of pattern, whose 
exact nature need not be described here. 

Instead of this additional postulate 
Bondi and Gold proposed a single all
embracing "cosmological principle": 
namely, that the large-scale features of 
the universe are the same not only from 
every point of view in space but also 
from every point of view in time. This 
symmetry hypothesis leads immediately 
to the conclusion that the universe is in 
a steady state. It is then immaterial 
whether the observers compare their 
pictures "at the same time" or not. 

The outlook of Bondi and Gold has a 
compelling simplicity. Moreover, sym
metry postulates have repeatedly dem
onstrated their power in theories of 
physics during the present century (e.g., 
the positive and negative particles of 

nuclear physics). But to my own taste 
it is preferable to start with a mathe
matical definition of the continuous cre
ation of matter within the framework of 
the relativity theory and then to derive 
the steady-state solution as a conse
quence of field equations. 

A t first sight the creation of matter may 
ft seem a queer concept to be invad
ing scientific thought. But as other ar
ticles in this issue make abundantly 
clear, the origin of matter must enter 
all cosmologies. Nowadays we are com
ing more and more to realize that hy
drogen is the original material-the ma
terial out of which the other elements 
have been produced by nuclear reactions 
inside stars. This transmutation of hy
drogen is going on all the time. 

Why is there any hydrogen remaining 
in the universe? Why was it not all used 
up in the production of heavy elements 
eons ago? If we assumed that the hydro
gen of the universe has existed for an 
infinite time, there would be two con
ceivable answers. We might suppose 
that the hydrogen has not had sufficient 
time to become transmuted into other 
elements because the stars were born 
only recently, that is, within the last five 
billion years or so. But it would follow 
from this that the hydrogen remained 
stable for eons of time and then suddenly 
five billion years ago began to condense 
into stars and galaxies. This seems less 
than plausible. The other possibility, as
suming the hydrogen is infinitely old, is 
that we still find it on hand because the 
higher elements formed from it break 
down to hydrogen again. The chief ob
jection to this idea is the difficulty of 
explaining how the energy necessary for 
the breakdown would be supplied. De
composition of the heavier elements in
to hydrogen requires absorption of en
ergy-the reverse of the release of en-
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ergy that occurs when hydrogen nuclei 
combine. To provide an amount of en
ergy adequate to account for a sufficient
ly large-scale reconversion of the heavier 
elements, nothing less than an implosion 
of the whole universe (as opposed to an 
explosion) apparently would suffice. 

We are thus led to the conclusion that 
the hydrogen we observe is not infinitely 
old: it has originated within some finite 
time and has not yet been converted to 
heavier elements. Both the evolutionary 
and the steady-state theories of the uni
verse agree on this point. But there the 
similarity between them ends. The evo
lutionary theory argues that all the hy
drogen was created in an explosive be
ginning some five and a half billion years 
ago [see George Gamow's mticle begin
ning on page 136l.The steady-state hy-
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pothesis holds that hydrogen has been 
created at a steady rate throughout in
finite time and is still being created at 
the same rate today .. 

If hydrogen has be'en present for an 
infinity of time, and has steadily been 
converted to heavier elements in stars, 
why don't we see galaxies made of very 
old matter? Why do we see only com
paratively young galaxies, composed al
most entirely of hydrogen? The answer 
of the steady-state theory is that the ex
pansion of the universe spreads galaxies 
apart as they age, and the old material is 
rapidly diluted, in terms of its mean 
density in the universe as a whole. 
Meanwhile new hydrogen, and new 
galaxies, are just as rapidly being cre
ated. According to the mathematics of 
the theory, the expansion of the universe 

and the creation of new material go on 
at rates such that the mean density of 
200-billion-year-old material, for exam
ple, is less than that of recently formed 
material by a factor of 1043 (1 followed 
by 43 zeros) . It must be emphasized that 
this figure is a mean averaged over the 
universe as a whole: it does not apply to 
individual galaxies or clusters of galax
ies. Expansion takes place in space be
tween galactic systems: the individual 
galaxies and clusters do not themselves 
expand. The very old material of the 
universe is concentrated in very old 
galaxies. By virtue of the universal ex
pansion these are now extremely far 
apart. Possibly there are some moder
ately old galaxies within the range of 
our telescopes. If a method could be 
worked out to identify distant galaxies 
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EVOLUTIONARY AND STEADY-STATE VIEWS are compared 

in these diagrams. At left is a schematic view of an evolutionary 

universe. At the top is a sample of the universe, with the galaxies 

represented by dots. At the bottom is a pictnre of the same galaxies 

after the passage of time. The galaxies have merely receded from 

one another_ At right is the same kind of view of a steady-state 

universe. At the top is a sample of the universe. At the bottom 

is a picture of the volnme occupied by the same galaxies after 

the passage of time. In that time, however, new galaxies have 

been created, maintaining the density of the galaxies as before. 
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composed of comparatively old matter, 
it would provide a test of the steady
state theory. 

A pproaching the steady-state theory 
ft from the mathematical pOint of 
view, our first step evidently must be to 
construct a mathematical law represent
ing the origin of matter. We wish to 
formulate this law within the logical 
framework of the theory of relativity: 
like the evolutionary theory, steady-state 
cosmology makes use of the powerful 
equations devised by Albert Einstein to 
describe the four-dimensional space
time continuum [see the preceding ar
ticle J. We can indicate briefly here some 
of the main principles involved, though 
the equations themselves are too com
plex to examine in detail. 

The theory of relativity begins by gen
eralizing the ordinary laws of motion in 
three-dimensional space to describe the 
properties and the non-Euclidean ge
ometry of the four-dimensional space
time field. These laws can be set down 
in four equations: one equation for the 
law of conservation of energy and three 
for the conservation of momentum. Our 
problem is to frame the law of origin of 
matter in such a way that it can be in
troduced into these four conservation 
equations. 

As a first step we must define energy 
and momentum, for the theory of rela
tivity does not itself define them. It is 
most reasonable to choose definitions 
which will yield equations as closely 
analogous as possible to the ordinary 
equations deSCribing the laws of conser
vation in our familiar (Euclidean) 
world. The evolutionary cosmologists 
seem at first sight to have done this, but 
it turns out that their conservation equa
tions do not contain any generalized 
analogue of certain terms, known as 
"fluid stresses," which play a part in the 
ordinary equations. Now when we de
fine energy and momentum in a way 
that yields such a generalization, the 
outcome of the equations is a steady
state universe, not an evolutionary one. 

The equations, so generalized, imply 
a "feedback" relation between the ex
pansion of the universe and the origin 
of matter. If the expansion rises above a 
certain critical rate (related to the rate 
of origin of matter) , the feedback slows 
the expansion. If the universe's expan
sion slows down to less than the critical 
rate, the feedback speeds it up. Thus the 
interaction between the expansion and 
the creation of matter maintains a steady 
state in which the mean density of mat
ter in the universe remains constant. 

To many people the notion of con-

5 . . .  4 . . .  3 . . .  2 . . .  1 . . .  1 

COUNT DOWN 
on the BIG engineering 

challenge of all time! 
Rock-anchored into the crags of the Santa Susana 
Mountains near Los Angeles crouch the massive test-stands 
of ROCKETDYNE - the most gigantic rocket engine workshop 
in the Western Hemisphere. The privileged men who tend 
these great power plants are a select group indeed. 
For no matter what their specialty, they are working at 
the most advanced state of their art. 

The scientist or engineer who enters the field of large, 
liquid-propellant rockets at ROCKETDYNE can expect 
to encounter more phases of his profession in one day 
than in a year of conventional practice. 

Here at ROCKETDYNE men use units no bigger than a 
small sports car to generate power outputs greater than 
Hoover Dam-power that is precisely delivered during 
a period measured in minutes. Inside the engines, 
materials and mechanisms must function perfectly under 
extreme stress and vibration, yet temperatures range 
from minus 250°F to 50000F in close juxtaposition. 
Valve action must be so close to instantaneous that 
the expression "split-second" is completely unimpres
sive; we are dealing with conditions in which the 
term "steady state" is applied to a millisecond. 

Day by day the tests go on, and every day produces 
its two miles of information on oscillograph tape
fascinatingly new information, far in advance of 
available texts. This is one of the newer industries 
with an assured future. The methods now being 
developed here for producing effective power 
to the attainable limits of mechanical stress will 
have wide application. Such experience is 
practically unobtainable anywhere else. 

The only way you can appreciate the 
far-reaching significance of such a 
program is to be a part of it. 
Will you accept the challenge? 

Here are the fields of 
opportunity at ROCKETDYNE : 

FOR ENGINEERING GRADUATES: Aeronautical, Chemical, Structural, Elec
t rical, Electronic, Metallurgical, Mechanical; qualified for Analytical, 
Research, Development or Design responsibility. 

FOR SCIENCE GRADUATES: Physics, Chemistry, Mathematics. 

INTERESTING BOOKLET. Facts about rocket engines and engineering. Send for your 
personal copy of "The Big Challenge." Write: A. W. Jamieson,\Rocketdyne Engineering 
Personnel Dept. 9-SA, 6633 Canoga Avenue, Canoga Park, Calif. 

ROCKETDYNE 11 
A DIVISION OF NORTH AMERICAN AVIATION, INC. 

BUILDERS OF POWER FOR OUTE SPA C E 
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PROGRESS 
REPORT 

After Thirty-Four 
Months ... 

� 1� �----��--��-------r------
i 

RESEARCH AND DEVELOPMENT PERSONNEL 
The above curve shows the growth in Ramo

Wooldridge personnel which has taken place 

since our Progress Report one year ago. A sig

nificant aspect of this growth is the increase in 

Qur professional staff which today is made up 

of 135 Ph.D.'s, 200 M.S.'s and 265 B.S.'s or 

B.A.'s. Members of the staff average approxi

mately ten years' experience. 

fACILITIES Within the past few months, con

struction has been completed at our Arbor Vitae 

complex, which now consists of eight modern 

buildings of 350,000 square feet, four of which 

are illustrated at the bottom of the page. Nearby 

is the R-W ftight test facility, including hangar, 

shop, and laboratories, located on a 7-acre plot 

at International Airport. 

To provide additional space for our continu

ing growth, construction has been started on an 

entirely new 40-acre Research and Development 

Center, located three miles from the Arbor Vitae 

buildings. The photograph above is of a model 

of the Center, which we believe will be one of 

the finest research and development facilities in 

the country. The first three buildings, now under 

construction, will total 250,000 square feet. 

A second major construction program is under

wayan a manufacturing plant for quantity pro

duction of electronic systems. The initial unit of 

the plant, located on a 640·acre site in suburban 

Denver, Colorado, will be completed next spring 

and will contain approximately 150,000 sq. ft. 

PROJECTS Our current military contracts sup

port a broad range of advanced work in the 

fields of modern communications, digital com

puting and data-processing, fire control systems, 

instrumentation and test equipment. In the 

guided missile field, Ramo-Wooldridge has tech

nical direction and systems engineering respon

sibility for the Air Force Intercontinental and 

Intermediate Range Ballistic Missiles. Our com

mercial contracts are in the fields of operations 

research, automation, and data processing. All 

this development work is strengthened by a sup

porting program of basic electronic and aero

nautical research. 

THE FUTURE As we look back Oil our first three 
years of corporate history, we find much to be 
grateful for. A wide variety of technically chal

lenging contracts have come to us from the mili
tary services and from business and industry. 
We have been fortunate in the men and womell 
who have chosen to jOil1 us in the adventure of 
buildillg a company. We are especially happy 
about the six hundred scientists and engineers 
who have associated "themselves with R-W. Their 
talents constitute the really essential ingredient 
0/ our operations. We plan to keep firmly in 
mind the fact that the continued success of The 
Ramo-Wooldridge Corporation depends on our 
maintaining an organizational pattern, a profes
siollal environment, and methods 0/ operating 
the company that are unusually well suited to 
the. special needs of the professional scientist 
and engineer. 

The Ramo-Wooldridge Corporation 
15730 ARBOR ViTAE ST . •  Los ANGELES 45. CAL.IF. 
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tinuous creation of new matter in space 
seems an outright violation of the con
servation of energy. But this indicates a 
confusion between a closed system and 
the very different situation in an open 
system. The theory of relativity says that 
in an open, infinitely expanding uni
verse, local concentrations of energy are 
related to the energy of expansion of the 
whole universe. The energy of expansion 
can take a form leading to a continuous 
creation of local matter. 

The same question that is asked about 
the creation of matter might be asked 
about the red-shift of light from distant 
galaxies. The reddened . light is weaker 
than when it started on its journey. 
Where does the lost radiant energy go 
to? It goes into a slight increase in the 
rate of expansion of the whole universe. 
The point is that for a total reckoning 
of the conservation of energy and matter 
in the cosmos we must take the expan
sion of the universe into account. We 
cannot balance the energy books strictly 
and completely within the confines of 
any locality, because no locality in the 
universe is entirely closed. 

Before we drop this issue it is perhaps 
worth noting that we can consider the 
conservation question in purely opera
tional rather than theoretical terms and 
come out with the same result. Suppose 
observers on the earth measured the en
ergy content of a given portion of the 
universe, say that within the reach of 
the 200-inch telescope, and suppose this 
was done on several occasions at widely 
separated times. If the conservation of 
energy is to hold, the measured energy 
content must remain unchanged from 
one occasion to another. This would be 
true in a steady-state universe, but not 
in an evolving one. Furthermore, in a 
steady-state universe conservation in 
this operational sense holds good for an 
observer in any galaxy. 

T he two features of the steady-state 
theory that seem to cause the great

est general surprise are (1) that the 
theory possesses a clear-cut mathema
tical basis, and (2) that the theory is 
highly susceptible to test by observation. 
How can it be tested? Obviously we can
not test it in the laboratory-unless we 
were to find some way to speed up the 
creation of matter artificially-for the 
rate of creation, according to the theory, 
is negligible in terrestrial terms: in the 
space of the average physics laboratory 
one new hydrogen atom would mate
rialize in about 1,000 years. But on the 
cosmological scale there are many possi
ble tests. 

Firstly, at the farthest range of our 
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In balancing load, Trailmobile's shiftable wheel assembly slides along the main frame beams, forward or backward as needed. 

Bronze shoes help truckers deliver the goods sooner and safer 

One of the 18-inch-long bearing shoes of wrought 
Everdur® showing grease grooves. 

THE PROBLEM: Loading a big trailer 
is almost as tricky as loading a plane. 
Cargo must be balanced carefully so 
that weight is equally distributed. 

Trailmobile Inc., has made this job 
easier. Now, instead of shifting cargo or 
changing tractors, truckers simply shift 
the trailer wheels in only minutes. This 
can save hours, sometimes day s, in 
delivering the goods. A trailer in con
stant balance-even after delivering par-

tial loads-travels safer. At first, Trail
mobile tried bronze castings for the 
shoes on which the wheel assembly 
slides. But castings were not uniform 
and were costly to machine. 

THE SOLUTION: Anaconda technical 
experts suggested that Trailmobile use 
tCl'Ought bar stock of Everdur-lOlO-one 
of Anaconda's famous copper-silicon 
alloys. This dense, supertough metal 
worked perfectly. It takes the pounding 
and wetting involved in carrying a trailer 
day in and day out. It machined readily, 
required no surface finishing. The cost 
of the bearing shoes was cut in half. 

THE FUTURE: vVhere metal must resist 
corrosion, be strong and tough, and be 

available in forms easily fabric ated, 
Everdur will do more and more jobs
on land and sea. From a full range of 
copper and copper alloy mill products 
for industry ... to copper and aluminum 
wire and cable ... Anaconda and its 
manufacturing companies, Anaconda 
Wi r e  & C a b l e  C o m p a n y  a n d  T h e  
American Brass Company, constantly 
seek better ways of doing things with the 
world's most extensive line of nonferrous 
metals and products. Let the Man from 
Anaconda help in your problems. The 
Anaconda Company, 25 Broadway, New 
York 4, N. Y. 6.242 

ANACONDA 
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Avco Defense and Industrial Products combine the 
scientific and engineering skills, and production 
facilities of three great divisions of A veo Manufac
turing Corp. : Research and Advanced Development; 
Lycoming: Crosley-to produce power plants, elec
tronic:s, airframe components, and precision parts. 

/lesearcn anti Allvancetl 
FOR It. COPY OF' THIS GIUSTI ILLUSTRATION, SUITABLE FOR FRAMING, WRITE TO PUBLIC 

RELATIONS DEPT., AVCO DEFENSE AND INDUSTRIAL PRODUCTS, STRATFORD. CONN. 
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FOR AN ADVANCED AIR FORCE MISSILE SYSTEM ... 

Aveo 
makes 18,000 MPH 
stand still I 

In a motionless, 130' tube at Everett, Mass., 
Avco Research Laboratory scientists have 
duplicated speeds that could hurl a missile 
completely around the world in less than 2 hours! 

Produced by gas pressure, a shock wave bursts 
down the length of the specially built tube simulating 
18,000 mph! Though measured in millionths of a 
second, it gives A vco scientists and engineers, led by 
Dr. Arthur Kantrowitz, an accurate picture of 
Mach 25 flight conditions far above the earth. As a 

result, they have learned important new facts about 
new horizons of high temperatures, new extremes 
of heat and its effect on gases and metals, and other 
complex problems connected with space vehicles. 

Avco is sharing advanced scientific details of its 
shock-tube findings with all Air Force and industrial 

officials in vol ved in this missile research and 

development program. Typical of Avco research, 
these experiments strengthen America's defense • • •  

speed progress ... hasten man's complete 
conquest of space. 

WANTED: Young men to become leaders in 
new areas of sciencel Ground-Roor opportunity 

in new research, design and development 

arm of Avco in Everett, Mass. Missiles, initially; 

later-any or all major sciences. The usual 

advantages in unusual degree. Write Dr. Arthur 

Kantrowitz, Avco Research Laboratory, 

Everett, Mass. 

TOOA Y'S Mlt.ITARY SERVICES, WITH THEIR TREMENDOUS 

TECHNOLOGICAL ADVANCES MADE POSSIBLE THROUGH SCIENCE. 

OFFER A VITAL. REWARDING CAREER 

defense and industrial products 
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G-E Engineers Measure "Scram" 
Speeds to 1/1000th of a Second 
To determine nuclear reactor control element and mecha

nism operating characteristics during the design stage, 
General Electric engineers use this versatile test loop which 
simulates actual reactor conditions. In-service scram speeds, 

release times, reliability under adverse conditions, and 

mechanism life can be ascertained before the control drive is 
specified for a particular reactor. 

Determining critical operating characteristics like these 

in the design stage, is another example of General Electric 
engineering leadership in the field of atomic energy. 

Atomic Power Equipment Department, General Electric 

Company, Schenectady 5, New York. 196-3 

Progress Is Ovr Mos! Imporl-emf p,.otlv�f 

GENERAL. ELECTRIC 
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telescopes we are seeing galactic sys

tems as they were a billion or more years 

ago. Hence information can be obtained 
about how things used to be in the past, 

and this information can be compared 

with the cosmic scene close by us in 
space and time. Since the steady-state 
theory requires that there be no differ
ence in large-scale properties between 
the past and the present, the theory is 
clearly exposed to check by this compari
son. Large-scale properties can be esti
mated from many different clues: the 
density of the populations of galaxies, 
the magnitude and color of their light, 
the radio emissions signaling collisions 
and other significant events, the relation 
between the red-shift and distance of 
galaxies, and so forth. 

Secondly, there are tests which can 
be made without looking so far away 
from home. We can think of the forma
tion of new galaxies as equivalent to 
birth in the biological sense, and of their 
separation by expansion as equivalent to 
death. In terms of this analogy a new 
generation of galaxies is born, not every 
30 years as in the case of human beings, 
but every few billion years. Now just as 
an animal population becomes extinct if 
it fails to reproduce its numbers from 
generation to generation, so large-scale 
properties of the systems of galaxies fail 
to survive unless they reproduce them
selves in the same sense. If the universe 
is infinitely old, as the steady-state theo
ry says, we should expect to see surviv
ing only properties which have stabilized 
themselves so that they are reproduced 
at precisely the same level from genera
tion to generation. In other words, ac
cording to the steady-state theory the 
galaxies are not a product of random 
fluctuations and condensations, as in the 
evolutionary theory, but represent a very 
strictly controlled system obeying a kind 
of cosmic ecology, with the origin of 
matter playing a critical role. This cru
cial difference between the two theories 
can form the basis of stringent tests. The 
tests can be applied to such properties as 
the density of galaxies in space and the 
distribution of sizes in masses of galax
ies. That is, we can check whether the 
distribution follows a regular frequency 
curve or shows no regular pattern. 

D uring the past five years it has twice 
been claimed that observations dis

proved the steady-state theory, but it 
now appears that in both cases the ob
servations are open to serious doubt. The 
U. S. astronomers Joel Stebbins and 
A. E. Whitford thought that certain dis
tant galaxies showed more reddening 
than could be attributed to the usual 

T���/C$;c/� 
invites you ... to take any one of 

these sets of great chamber works 

The Pascal String Quartet, on� of 
the world's foremost chamber music 
ensembles is among the distinguished
groups recording for the SOciety. 

SCHUBERT 
"TROUT" QUINTET tA MAJOR) 
QUARTET IN E MAJOR, OP. ) 25, NO.2 
QUARTET IN C MINOR, " QUARTETTSATZ" 

NO STRINGS ATTACHED 

Brilliant readings by the 
Winterthur String Quar
tet. Pianist Pina Pozzi 
joins them in the" Trout" 
Quintet. 

ITALIAN MASTERS 
OF THE XVIII CENTURY 

TARTINI: Sonota in G Minor, "The Devil's Trill" The celebrated vlol1n vlr-
VIVALDI: Sonatas in A Major and F Minor fsUO��a�tcf�d�oc;::ogfs�ffe 
GEMINIANI: Sonata in B Flat Major greatest violin music or 

the Eighteenth Century. 
VITALI: Choconne in G Minor 

MOZART 
CLARINET QUINTET IN A MAJOR, K. 581 
flUTE QUARTET IN 0 MAJOR, K. 285 
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NuelEAR 

eHALU!N&E 

There are still a lot of problems to be 

solved in the design of any reactor. But the 

difficulties are multiplied many fold when it 

comes to developing a practical nuclear 

ai"rcraft engine. Shielding, weight limitations, 

other factors make it one of the toughest 

engineering problems of today. 

Are you the type of engineer who wants 

a challenge to his mental abilities? Are you 

looking for an opportunity to do original, 

creative thinking on an outstanding 

engineering team where new ideas are 

encouraged? Then we may have an 
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MECHANICAL ENGINEER 

ENGINEERING PHYSICIST 

METALLURGIST 
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• New higher salary 

levels 

• Association with 
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of recognized ability 

• Nearby R.P.I. graduate 

school for advanced study 

• Suburban living in 

central Connecticut 

• The prestige of an 
internationally known 
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* * * 

Please send your 
resume to M1·. P. R. Smith, 
Office 11, Employment 
Department 

PRATT & WHITNEY AIRCRAFT 
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World's foremost designer and builder of aircraft engines .... 

red-shift, and this was construed to sup
port the evolutionary theory. But Whit
ford later found that certain data they 
had made use of were incorrect. Recent
ly Martin Ryle in England reported a 
count of radio sources which indicated 
that the density of galaxies in space in
creases with distance from us-again an 
apparent support for the evolutionary 
hypothesis. However, Ryle's findings 
have been questioned by the radio as
tronomer B. Y. Mills in Australia. 

In my view the most serious potential 
contradiction of the steady-state theory 
lies in the recent red-shift studies by the 
astronomers in California, which are re
ported in this issue by Allan Sandage 
[see following article, page 170]. As 
Sandage points out, however, the find
ings so far are highly uncertain. 

George Gamow has offered against 
the steady-state theory the objection that 
elliptical galaxies (which are thought to 
consist only of old stars) apparently do 
not show the age variations that the 
theory predicts. In defense of the theory 
it can be said that the measurements 
cited (studies of the color of the galaxies, 
in two colors) are not a very sensitive 
index of the galaxies' ages. In the color 
test a galaxy six billion years old should 
look much like one three billion years 
old. More sensitive measurements are 
required. 

The steady-state theory gains support, 
on the other hand, from recent studies 
indicating that the elements beyond hy
drogen are formed in stars. These stud
ies, reported in the article by William 
A. Fowler [page 82], make it appear 
more likely that the elements are con
stantly being "cooked" in the stars, as 
the steady-state cosmology suggests, 
than that they were created in a prime
val explosion, as Camow has urged. 

Radio astronomy offers the exciting 
possibility of something close to a 

direct test of the creation of matter in 
space. The total amount of matter in 
the galaxies we can observe is estimated 
to come to about 10-30 of a gram per 
cubic centimeter if it were spread evenly 
all through space. The steady-state 
theory predicts that the average density 
of matter should be 10 or more times 
greater than this. The difference, ac
cording to the theory, is accounted for 
by hydrogen spread through intergalac
tic space. Up to now it has not been pos
sible to detect intergalactic matter. But 
in the next few years new radio tele
scopes, tuned to the one-note "song of 
hydrogen," may be able to test whether 
such quantities of hydrogen do or do 
not exist in space. 
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THESE SUNOCO PETROCHEMICALS CAN HELP 
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DETERGENTS 
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----------------
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---------------
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----------------
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SULFONATE WS a wide variety of uses as a wetting agent, re

wetting agent, air entrainer and frother. 

----------------

SULFUR 
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currently available only in bulk in areas near 
Marcus Hook, Pa. 
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ANHYDROUS 
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New from Sun!! Refrigeration and commercial 
grades available in tank cars only from Sun's 
refinery in Marcus Hook. Pa. 

For complete information see your Sun Representative. Or write for free 
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· . . for a challenging undertaking. Room for a 

few creative engineers, willing to stake their 

future for participation in one of the greatest 

of all engineering adventures. Recognition and 

success in return for long, hard work and ex

ceptional ability. No extra inducements-only 

the opportunity to work with some of the finest 

mindpower in the aircraft industry today on 

research and developments that are revising 

the calendar on tomorrow. 
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BRIGHTNESS OF GALAXIES may be measured with the help of 
the jiggle camera (see photograph on the opposite page). At the 
top is a negative print of a 200·inch telescope photograph showing 
nearby stars and a cluster of galaxies in Corona Borealis. Although 
the stars have made the brightest images in the photograph, they 

170 

" 

-

.are essentially point sources of light. The galaxies, on the other 
hand, are extended sources of light. To measure the brightness of a 
galaxy by comparing it with the known brightness of a star, the two 
images must be made the same. This is done by smearing the images 
as shown at bottom in a jiggle-camera photograph of the same area. 
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THE RED-SHIFT 

The redness, and presumably the speed of recession, of most galaxies 

increases regularly with distance. The most distant galaxies observed 

appear to depart from this la\v, a fact of deep meaning for cosmology 

I
n the nature of things it is a delicate 
undertaking to try to discern the 
general structure and features of a 

universe which stretches out farther than 
we can see. For more than a quarter 
of a century both the theoreticians and 
the observers· of the cosmos have been 
making exciting discoveries, but the 
points of contact between the discoveries 
have been few. The predictions of the 
theorists, deduced from the most general 
laws of physics, are not easy to test 
against the real world-or rather, the 
small portion of the real world that we 
can observe. There is, however, one solid 
meeting ground between the theories 
and the observations, and that is the ap
parent expansion of the universe. Other 
aspects of the universe may be interpret
ed in different ways to fit different 
theories, but concerning the expansion 
the rival theories make unambiguous 
predictions on which they will stand or 
fall. There is now hope that red-shift 
measurements of the universe's expan
sion with the 200-inch telescope on Pal
omar Mountain will soon make it possi
ble to decide, among other things, 
whether we live in an evolving or a 
steady-state universe. 

Let us begin by considering just what 
issue the measurements seek to decide, 
as between the theories expounded in 
the two preceding articles by George 
Gamow and Fred Hoyle. The steady
state theory says that the universe has 
been expanding at a constant rate 
throughout an infinity of time. The evo
lutionary theory, in contrast, implies that 
the expansion of the universe is steadily 
slowing down. If the universe began 
with an explosion from a superdense 
state, its rate of expansion was greatest 
at the beginning and has been slowing 
ever since because of the opposing 
gravitational attraction of its matter, 

by Allan R. Sandage 

which acts as a brake on the expansion
much as an anchored elastic string at
tached to a golf ball would act as a brake 
on the flight of the ball. 

Now in principle we can decide 
whether the rate of expansion has 
changed or not simply by measuring the 
speed of expansion at different times in 
the universe's history. And the 200-inch 
telescope permits us to do this. It covers 
a range of about two billion years in 
time. We see the nearest galaxies as they 
were only a few million years ago, while 
the light from the most distant galaxies 
takes so long to reach us that we see 
them at a stage in the universe's history 

going back to one or two billion years 
ago. If the explosion theory is correct, 
the universe should have been expand
ing at an appreciably faster rate then 
than it is now. Since the light we are re
ceiving from the distant galaxies is a 
flashback to that earlier time, its red
shift should show them receding from 
us faster than if the rate of expansion had 
remained constant. 

The red-shift is so basic a tool for test
ing our notions about the universe 

that it is worthwhile to review how it 
was discovered and how it is used. 

An astronomer cannot perform experi-

JIGGLE CAMERA smears the images by moving the photographic plate in a rectangle dur
ing exposure. It is mounted in the prime-focus cage at the upper end of the 200·inch. 
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ments on the objects of his study, or 
even examine them at Erst hand. All his 
information rides on beams of light from 
outer space. By sufficiently ingenious in
struments and equally ingenious inter
pretation (we hope) , he may translate 
this light into information about the tem
peratures, sizes, structures and motions 
of the celestial bodies. It was in 1888 
that a German astronomer, H. C. Vogel, 
Erst demonstrated that the spectra of 
stars could give information about mo
tions which could not otherwise be de
tected. He discovered the Doppler ef
fect in starlight. 

The Doppler effect, as every physics 
student knows, is a change in wave
length observable when the source of 
radiation (sound, light, etc.) is in mo
tion. If it is moving toward the observer, 
the wavelength is shortened; if away, the 
waves are lengthened. In the case of a 
star moving away from us, the whole 
spectrum of its light is shifted toward 
the red, or long-wave, end. 

This spectrum, made by means of a 
prism or diffraction grating which 
spreads the light out into a band of its 
component colors, is usually not con
tinuous. Certain wavelengths of the light 
are absorbed by atoms in the star's at
mosphere. For example, most stars show 
strong absorption, by calcium atoms, at 
the wavelengths of 3933.664 and 3968.-
470 Angstrom units. (An Angstrom unit 
is a hundred-millionth of a centimeter.) 
The absorption is signaled by dark lines 
in the spectrum, known in this case as 
the K and H lines of calcium. Now if a 
star is moving away from us, these lines 
will be displaced toward the red end of 
the spectrum. In the spectrum of the 
star known as Delta Leporis, for in-

RED-SHIFT of four galaxies on this page is 
depicted in the spectra on the opposite page. 
The galaxies are centered in the photo
graphs. The spectra are the bright horizontal 
streaks tapered to the left and right. Above 
and below each spectrum are comparison 
lines from the spectrum of iron. Near the 
left end of the spectrum at the top of the 
page arc two dark vertical lines: the K and 
H lines of calcium. If the galaxy did not ex
hibit the red·shift, these lines would be in 
the position of the broken line running ver
tically down the page. The amount of their 
shift toward the red, or right, end of the 
spectrum is indicated by the short arrow to 
the right of the broken line. The larger shift 
of the K and H lines of the three fainter 
galaxies is indicated by the longer arrows 
below their spectra. The constellation, ap
proximate distance and velocity of recession 
of each galaxy is at left of its photograph. 
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VIRGO 

22 MILLION LIGHT-YEARS 

1,200 KILOMETERS PER SECOND 

CORONA BOREALIS 

400 MILLION LIGHT-YEARS 

21,500 KILOMETERS PER SECOND 

BOOTES 

700 MILLION LIGHT-YEARS 

39,300 KILOMETERS PER SECOND 

HYDRA 

1.1 BILLION LIGHT-YEARS 

60,900 KILOMETERS PER SECOND 
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stance, the K line of calcium is displaced 
1.298 Angstroms toward the red. As
suming the displacement is due to the 
Doppler effect, it is a simple matter to 
calculate the velocity of the star's re
ceding motion. Dividing the amount of 
the displacement by the normal wave-

length at rest, and multiplying by the 
speed of light (300,000 kilometers per 
second) we get the speed of the star
in this case 99 kilometers per second. 
The calculation on the basis of displace
ment of the H line gives the same figure. 

Equipped with this powerful tool, 

But the principle behind the Alnor 
I, 

Dewpointer is so exacting that if that ! one half of one millionth of an ounce 
of transient water vapor were not 
sealed out-it would make an error 
of 100 at -600 F. In many fields today 
where the Dewpointer is used, such 
an error in dew point determination 
would be worse than no answer at all. 

That is the policy at Alnor. Take 
the most exact laboratory method of 
determining dew point, velocity, tem
perature-and design an instrument 
that wiil provide laboratory results 
under all conditions. 

Precision. Portability. Simple op
eration. These are the goals of Alnor's 
manufacturing and research divisions 
• • .  looking at old problems . • •  find
ing new and better answers for in
dustry. Each Alnor product is a result 
of this modern thinking • • •  designed 
to meet industry's production line 
methods. 

Modern principle behind the Dew
pointer is explained in our Bulletin 
number 2051. Write for your copy. 

ILLINOIS TESTING LABORATORIES, INC. 
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SPECTRA ARE MADE with the spectrograph at the top, which is mounted at the prime 
focus of the 200-inch telescope. Inside the spectrograph the converging rays of the 200·inch 
mirror are made parallel by a concave mirror. The light is then dispersed by a diffraction 
grating. At the bottom is a Schmidt camera used to photograph the spectrum. It has an opti
cal path of solid glass and a speed of f! .48. The plateholder and plate are below the camera. 
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many of the large observatories in the 
world spent a major part of their time 
during the early part of this century 
measuring the velocities of receding and 
approaching stars in our galaxy. At first 
it was a work of pure curiosity, no one 
suspecting that it might have any bear
ing on cosmological theories. But in the 
1920s V. M. Slipher of the Lowell Ob
servatory made a discovery which was 
to lead to a completely new picture of 
the universe. His measurements of red
shifts of a number of "nebulae" then 
thought to lie in our galaxy showed that 
they were all receding from us at phe
nomenal speeds-up to 1,800 kilometers 
per second. Edwin P. Hubble at Mount 
Wilson soon established that the 
"nebulae" were systems of stars, and he 
went on to measure their distances. The 
method he used was the one developed 
by Harlow Shapley, employing Cepheid 
variable stars as the yardstick. Shapley 
had found a way to measure the intrinsic 
brightness of these stars, and therefore 
their distance. could be estimated from 
their apparent brightness by means of 
the rule that the intensity of light falls 
off as the square of the ·distance. Hubble 
observed that the galaxies nearest our 
own system, including the Great Nebula 
in Andromeda, contained Cepheid vari
ables, and when he computed their dis
tances he came out with the then 
astounding figure of about one million 
light-years! He next tackled the problem 
of finding the distances of Slipher's 
nebulae. Since variable stars could not 
be detected in them, he used their 
brightest stars as distance indicators in
stead. He found that these nebulae were 
at distances ranging up to 20 million 
light-years from us, and what was more 
remarkable, their velocities increased in 
strict proportion to their distances! 

Hubble made the daring conjecture 
that the universe as a whole was 

expanding. He predicted that more re
mote galaxies would show larger red
shifts, still in proportion to their dis
tance. To test Hubble's speculation, Mil
ton L. Humason began a long-range pro
gram of spectral analysis of more distant 
galaxies with the 100-inch telescope on 
Mount Wilson. In these faint galaxies it 
was no longer possible to distinguish 
even the bright stars, and so the relative 
brightness of the galaxy as a whole had 
to be taken as the measure of distance. 
That is, a galaxy one fourth as bright as 
another was assumed to be twice as far 
away. Hubble reasoned that while indi
vidual galaxies might deviate from this 
rule, statistically the population of galax
ies as a whole would follow it. The prln-

SCIENCE FOR THE LAYMAN 
An announcement to SCIENTIFIC AMERICAN 

readers in the New York area 

Six eminent scientists at the New School for Social Research re
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ACTUAL SIZE of the red·shift spectrum is indicated by the photo· 
graph at the top of the page. The glass photographic plate is 15 

176 

millimeters on an edge. The spectrum is 5 mm. long. At bottom Mil· 
ton L. Humason examines a spectrum with a low·power microscope. 
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ciple is still the basis of distance de
terminations today. 

Humason laboriously photographed 
spectra of galaxies, and Hubble meas
ured their apparent brightness, from 
1928 to 1936, when they reached the 
limit of the 100-inch telescope. The his
tory of the red-shift program in those 
years is a story of extreme skill and pa
tience at the telescope and of steady im
provement in instrumentation. It was a 
long and difficult task to photograph 
spectra then; the prisms used required 
long exposures, and it took 10 nights or 
more to obtain a spectrum which with 
modern equipment can be recorded in 
less than an hour today. The improve
ment in equipment includes not only the 
200-inch telescope but also diffraction 
gratings, faster cameras and a vast im
provement in the sensitivity of photo
graphic plates, thanks to the Eastman 
Kodak Company. Astronomers the world 
over, and cosmology, owe a large debt 
to the Eastman research laboratories. 

Humason's first really big red-shift 
came early in 1928, when he got a spec
trum of a galaxy called NGC 7619. Hub
ble had predicted that its velocity should 
be slightly less than 4,000 kilometers per 
second: Humason found it to be 3,800. 
By 1936, at the limit of the 100-inch tele
scope's reach, they had arrived at a 
cluster of galaxies, called Ursa Major 
No.2, which showed a velocity of 40,-
000 kilometers per second. All the way 
out to that range of more than half a 
billion light-years the velocity of galax
ies increased in direct proportion to the 
distance. In a sense this was disappoint
ing, because the various cosmological 
theories predicted that some change in 
this relation should begin to appear 
when the observations had been pushed 
far enough. Further exploration into the 
distances of space had to await the 
completion of the 200-inch Hale tele
scope on Palomar Mountain. 

In 1951 the red-shift program was re
sumed, with a new spectrograph of great 
speed and versatility placed in the big 
telescope's prime focus cage, where the 
observer rides with his instruments. The 
spectrograph has to be of very compact 
design to fit into the cramped space of 
the cage. The photographic plate itself, 
mounted in the middle of a complex 
optical arrangement, is only 15 milli
meters (about half an inch) on a side. 
The cutting and handling of such small 
pieces of glass in complete darkness 
(to avoid exposure of the plate) is a 
tricky business. The spectrum recorded 
on the plate is a tiny strip only a fifth 
of an inch long, but it is long enough 
to measure red-shifts to an accuracy 

jor major digital computer R&D laboratory 
in Los Angeles 

The Electronics Division of The National Cash Register Company is a leading 
digital computer research and design organization. We have an unusual oppor
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applications of ferrites, research in logic, solid state physics, magnetic recording, 
cathode ray tube devices and ferroelectrics. He must be able to determine the 
direction of the program and sell his recommendations effectively to top 
management. The research program is a stable one, basically non·military, with 
extremely solid financial backing. The man in this job will enjoy exceptional 

creative freedom and will command every modern research facility for advanced 
work. We believe a qualified man between 28 and 38 will best integrate with our 

group. He need not currently be a research director, but must have proven 
supervisory ability. Minimum academic requirement is an M.S. degree. Spacious, 
new air-conditioned laboratory. Progressive management. Full benefits. 

Replies held in strict confidence. 

Write or contact D. P. Gillespie, 
Director of Industrial Relations Plymouth 7·1811 

THE NATIONAL CASH REGISTER COMPANY 

ELECTRONICS DIVISION, 1401 East EI Segundo Boulevard, Hawthorne, California 
·TRADEMARK REG. U. S. PAT. OFF. 
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of better than one half of 1 per cent. 
The most distant photograph able 

galaxies are so faint that they are not 
visible to the eye through the telescope: 
they can be recorded only by extended 
exposure of the plate. The observer 
guiding the telescope must position the 
slit of the spectrograph by reference to 
guide stars within the same field as the 
distant object. Another great difficulty in 
recording the red-shift of extremely dis
tant galaxies arises from the magnitude 
of the shift. The displacement of the 
calcium dark lines toward the red is so 
large that the lines move clean off the 
sensitive range of blue photographic 
plates, which astronomers like to use be
cause of their speed. So slow panchro
matic plates must be used, and Humason 
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has been forced to return to exposure 
times as long as 30 hours or more. 

The other part of the program
measuring the distances of the galaxies
also has been helped by improvements 
in technique. For measurement of their 
brightness the Mount Wilson telescopes 
employ photomultiplier tubes, which 
amplify the light energy by electronic 
means. Such equipment was not availa
ble for the 200-inch telescope when the 
present program began. Instead the in
tensity of the light from very faint gal
axies was measured by a tricky method 
which compares it with that of stars of 
known magnitude. No direct comparison 
can be made, of course, between the pic
ture of a star and that of a galaxy or 
cluster of galaxies, because the star is a 

pOint source of light while a galactic 
system is a spread-out image. To make 
the images comparable, a region of the 
sky is photographed with a "jiggle" cam
era which moves the plate around so 
that the images of stars and of galaxies 
are smeared out in squares [see photo
gmph at bottom of page 170]. They can 
then be compared as to brightness-just 
as one may use color cards to find a 
match to the color of a room. 

Humason has now measured red-shifts 
of remote clusters of galaxies with 

recession velocities up to 60,000 kilo
meters per second. What do they show? 
Is the velocity still increasing in strict 
proportion to the distance? 

The information about 18 of the faint-
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BOlOMETRIC MAGNITUDE 

EIGHTEEN FAINTEST CLUSTERS of galaxies yet measured are 

plotted for their red-shift (or speed of recession) and apparent 

magnitude (or distance). Line C is a universe expanding forever 

at the same rate. Line D is a steady-state universe. If the line falls 
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to the left of C, the expansion must slow down. If it falls between 

C and B, the universe is open and infinite. If it falls to the left of 

B, the universe is closed and finite_ If it falls on B, it is Euclidean 

and infinite. A is the trend suggested by the six faintest clusters. 
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.AIRBORNE FINGERPRINTS' 
- new air traffic safety by Stewart-Warner Electronics 
Now, the new Stewart-Warner Electronics Airborne Safety Beacon makes 
it possible for every plane in the air to carry identification as positive as 
your own fingerprints. Stewart-Warner Electronics, the pioneer and builder 
ofthe first airborne safety beacons, which were tested by the Air Navigation 
Development Board and CAA, now offers airline and other aircraft owners 
automatic identification for greater air traffic safety. 

The new beacon combines all the reliability and long-life factors of air
borne military equipment supplied by Stewart-Warner Electronics to the 
services since 1942. This rugged equipment incorporates ARINC tubes and 
is designed to meet specifically characteristics No. 532-A. 

CAA is now planning to install interrogators on ASR radar at all major 
air terminals to improve air safety. Be sure you take advantage of this 
program by installing an S-W Electronics Air Safety Beacon. Write today 
for full details from our Civil Aviation Department 44. Stewart-Warner 
Electronics, 1300 North Kostner Avenue, Chicago 51, Illinois. 

ELECTRoniCS 
a Division of Stewart-Worner Corporation 
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provide 
greater 

versatility 
... through a wider choice of op· 

erating ranges, response speeds, 

sizes and types of samples, sen

sitivity, and a variety of acces

sories and custom adaptations 

for special problems. Cary in· 

struments are used for exacting 

analytical work of all types

from . plant process control to 

complex research problems. 

provide 
greater 

accuracy 
... by the use of advanced design 

principles which insure maximum 

performance permitted by the 

state ofthe art, and developments 

which provide sensitivity, stabil

ity and reproducibility which 

cannot be obtained with other 

makes of standard instruments. 

provide 
greater 

reliability 
For example, sapphire and car

boloy is used at points of crit

ical wear; kinematic principles 

are employed wherever positions 

or motions must be precise and 

reproducible; and circuits are 

designed so even large changes 

in characteristics of vacuum 

tubes and other components will 

not affect performance. 
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EIC�R�;HOT�ME!TER�-;O; rapid • recording of spectra with good resolving power 
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For complete descriptions, 

including sample curves, of 

all of Cary instruments, 

wTite for Bulletin SA-1 
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and high photometric accuracy. Provide the rug
gedness and reliability needed for routine labora
tory use, plus the flexibility to handle a variety of 
problems in the research laboratory. 

RAMAN SPECTROPHOTOMETER-Uses a unique 
optical system which gives high light-gathering 
power, high zero stability and freedom from 
effects of scattered light. Provides the advantages 
of raman spectroscopy with small samples, high 
speed and good accuracy. 

ELECTROMETERS-Vibrating reed instruments for 
measuring very small currents, charges and volt
ages. High.sensitivity and accuracy, good stability 
and reliability. Available for many applications
pH and carbon 14 determinations, mass spec
trometry, etc. 

INFRARED ANALYZERS-For continuous analysis 
of flowing samples. Utilize selective detection and 
double beam optical system. Virtually free from 
zero drift. High inherent discrimination against 
interfering sample components. Unusual adapta
bility to difficult analytical problems requiring 
high sensitivity and accuracy in complex mixtures. 

ULTRAVIOLET ANALYZERS - Provide a simple, reli
able means of continuously analyzing flowing 
samples for components which absorb UV or vis
ible radiation, or which can be converted to a 
suitable absorbing substance. 

APPLIED PHYSICS CORPORATION 
362 West Colorado Street 

Pasadena 1, California 

est measured clusters is given in the ac
companying chart [see chart on page 
178]. Their velocities are plotted against 
their apparent brightness, or estimated 
distances. If velocity increases in di
rect proportion to the distance, the ob
served velocity-distance relation should 
be "linear" (i.e., follow a straight line). 
But as the chart shows, the very faintest 
clusters have begun to depart from that 
line. These clusters, about a billion light
years away, are moving faster (by about 
10,000 kilometers per second) than in 
direct proportion to their apparent dis
tance. In other words, the data would 
be interpreted to mean that a billion 
years ago the universe was expanding 
faster than it is now. If the measure
ments and the interpretation are cor
rect, this suggests that we live in an 
evolving rather than in a steady .. state 
universe. 

The observed change in the curve 
buys us much more information. To be
gin with, it tells us som.ething about the 
mean density of matter in the universe. 
The rate at which the expansion of the 
universe is slowing down (if it is) de
pends on the mean density of its matter: 
the higher the density, the greater the 
braking effect. The amount of departure 
from linearity indicated by the measure
ments thus far calls for a mean density 
of about 3 x 10-28 grams of matter per 
cubic centimeter (about one hydrogen 
atom per five quarts of space). Now this 
amounts to about 300 times the total 
mass of the matter estimated to be con
tained in galaxies: that figure comes out 
to a mean density of only 10-30 grams 
per cubic centimeter. If our present ten
tative value for the slowdown of the ex
pansion should be confirmed, we would 
have to conclude that either the cur
rent estimates of the masses of the 
galaxies are wrong or that there is a great 
deal of matter, so far undetected, in in
tergalactic space. Matter in the form of 
neutral hydrogen (i.e., normal hydrogen 
atoms consisting of a proton and an elec
tron) might be present in space and still 
have escaped detection until now be
cause it is not luminous. The giant radio 
telescopes now under construction or on 
the drawing boards perhaps will detect 
the hydrogen, if it exists in the postu
lated quantities. 

Once we know the rate at which ex
pansion of the universe is slowing down, 
it becomes possible to determine not only 
the mean density of matter but also the 
geometry of space-that is, its curvature. 
As George Gamow points out in his ar
ticle [page 136], models of the evolving 
universe take three forms: the Euclidean 
case, in which space is Hat, open and in-
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Silicone Protection for Asbestos Shingles 

"Rain, Rain, �·o away ... " 

A child's rhyme that has come true for the huild

ing industry_ Now a house can have asbestos 

shingles that shed water _ .. yet "breathe" out 

moist air. 

A special type of UNION CARBIDE Silicone built 

into asbestos shingles during manufacture is the 

invisible raincoat that provides this essential pro

tection. Not even a driving rain can penetrate 

shingles. And, since water and dirt cannot soak in, 

soiling and streaking are prevented. That's why 

the leading manufacturers use UNION CARBIDE 
Silicones . .. that's why shingles are better today. 

Tbe combined experience of UNION CARBIDE and its va
rious Divisions is at your disposal in applying silicones to 
your products. Why not call in a UCC Silicone expert today! 

This is just one of many way s  that UNION 

CARBIDE Silicones can improve products. They 

are also used as intermediates, as release agents 

for automobile tires, plastics, and shell moldings. 

They give extraordinary heat protection to elec

tric motors. Unusual products of silicone rubbers 

with phenomenal heat and cold characteristics 

have resulted from a continuing development 

program. 

When you buy asbestos shingles, specify sili

cone treated shingles. For names of manufactur

ers, send coupon helow. 

Silicones Division, Dept. R-9 
UNION CARBIDE AND CARBON CORPORATION 

• 30 East 42nd Street. New York 17, N. Y. 
• 0 Please send me names of manufactul"ers whose shingles are treated with 

UNION CARBIDE Silicones 

__________ S I Lie 0 N E S Ol V I S I ON __________ 
• D 

I
S�!:

I
:�::

n
(or Class H Electrical o Silicones for Water Repellents 

o Silicones for Rubber Gum 
Stock and Compounds UNION CARBIDE 

AND CARBON CORPORATION 
30 EAST 4 2ND STREET I!I!:! NEW YORK 17. N. Y. 

In Canada: Linde Air Products Company, Division oC Union Carbide Canada Limited 

The term "Union Carbide" is a trade-mark: of Union Carbide and Carbon Corporation 

• 0 Silicones for Release Agents 

• Name _____________ Title _______ _ 

• Company ________________ ____ _ 

Addre" _____________________ _ 

City _____________ Zone __ State ____ _ 
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NOISE NEWS from 

LARGEST SUPERSONIC WIND TUNNEL SILENCED 
Cleveland, Ohio. . . • Noise from the 
world's largest supersonic wind tunnel is 
successfully controlled by an "ACOU· STACK" Exhaust Silencing System de· 
signed, developed and installed by lAC. 
Installed in a concrete cell (see photo at 
left) 30 ft. wide, 33 ft. high and 20 fl. 
long, the Acou·Stack System silences an 
exhaust capacity of over two and a half 
million cubic feet of air per minute. 

This large volume of air passing through 
the exhaust is the result of speeds attained 
in this Lewis continuous flow wind tunnel 
which has a Mach number range from 2.0 to 
3.5. The photo at the right shows the com· 
parative size of the Acou·Stack Silencer, 
with the man standing at the exhaust end of 
the system. 
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"PACKAGED" UN ITS QU lET AIR DUCTS 
New York .... Annoying noises from air· 
conditioning and hot air heating systems 
can be effectively controlled with the new "Q.DUCT" pre.fabricated silencing units 
by lAC. Ready made for fast and simple 
installation, these units come in over 148 
stock sizes to meet practically every di· 
mensional and performance need. 

':I0/SE NEv.:S if published 10. keep st'ience and in4uslry informed on progress made 
m Ihe conllnulng war on nOise. Full dala on subJecls covered and other lAC noise 
control products may be obtained by writing Industrial Acoustics Company, Inc:, 
Dept. 10, 341 Jackson Avenue, New York 54, N. Y. Tel: CYpress 2.0180. 

BLACK LIGHT-NEW BOON 
TO RESEARCH AND ANALYSIS 
Researchers and analysts now penetrate 
the invisible-with a "second pair of eyes" 
called Blak-Ray black light. Result: the 
distinctive luminescence and radiation of 
matter under its ultra-violet rays now en
able the presence or absence of over 3,000 
substances to be determined. Ideal for 
titration studies and mineral analysis. 

Most widely used application, however, 
is in the rapidly expanding field of chro
matography. Research directors say no 
laboratory is really well equipped without 
both types of ultra-violet sources. 

Continuing research and study are con
stantly adding new data, new uses and' 
applications for ultra-violet-both short 
wave (2537 AU) and long wave (3660 AU). 

Write for free booklet "215S-Ultra
Violet in Scientific Research". Black 
Light Corporation of America, Distribu
tors for Ultra-Violet Products, Inc., 5114 
Walnut Grove Avenue, San Gabriel, Cali
fornia. Distributors in principal cities. 

finite; a curved universe which is closed 
and finite, like the surface of a sphere; 
and a curved universe which is open 
and infinite, like the surface of a saddle. 
In the accompanying velocity-distance 
chart [page 178] curves to the left of C 
represent evolving models, and curve D 
represents the steady-state model. If the 
curve of the velocity-distance relation 
lies between C and B, the universe is 
open and infinite. Line B is the Euclid
ean case of flat space. If the curve is 
left of B, the universe is closed and finite, 
the radius of its curvature decreasing as 
we move farther to the left. 

According to our present observations, 
the actual relation follows a curve left 
of B (curve A on the chart) . Although 
our data are still crude and inconclusive, 
they do suggest that the steady-state 
model does not fit the real world, and 
that we live in a closed, evolving uni
verse. 

Humason has gone beyond 60,000 
kilometers per second and attempt

ed to measure the red-shifts of two faint 
clusters whose predicted velOCity is more 
than 100,000 kilometers per second. So 
far these efforts have not yielded reliable 
results, but he is continuing them. These 
two remote clusters may well hold the 
key to the structure of the universe. We 
stand a chance of finding the answer to 
the cosmological problem. The red-shift 
program will continue toward this goal. 

If the expansion of the universe is de
celerating at the rate our present data 
suggest, the expansion will eventually 
stop and contraction will begin. If it re
turns to a superdense state and explodes 
again, then in the next cycle of oscilla
tion, some 15 billion years hence, we 
may all find ourselves again pursuing 
our present tasks. 

Although no final answers have yet 
emerged, big steps have been taken since 
1928 toward the solution to the cosmo
logical problem, and there is hope that 
it may now be within our grasp. The 
situation has nowhere been better ex
pressed than in Hubble's last paper: 

"For I can end as I began. From our 
home on the earth we look out into the 
distances and strive to imagine the sort 
of world into which we are born. To
day we have reached far out into space. 
Our immediate neighborhood we know 
rather intimately. But with increasing 
distance our knowledge fades ... until 
at the last dim horizon we search among 
ghostly errors of observations for land
marks that are scarcely more sub
stantial. The search will continue. The 
urge is older than history. It is not satis
fied and it will not be suppressed." 
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Tiny gas turbine 
provides vital power for giant 

air freighter 
HUGE GLOBEMASTERS depend on Solar 
Mars gas turbines as a vital auxiliary 
power source. Built into an airborne 
generator, the Mars provides power 
to operate cargo winches, ramps, 
lights, engine starters and other 
equipment. Specified on the Douglas 
C-124C, the Mars unit is also used on 
the Lockheed C-121C, the Convair 
C-131B, and the Boeing KC-97. 

Military services and aircraft build
ers recognize the amazing advantages 
of Solar gas turbines. Their reliability 

is proven. They are rugged and 
simple, light and compact, and easy 
to maintain. Solar builds two models 
-the 50 hp Mars and the 500 hp 
Jupiter-for varied applications. 

You should know about Solar gas 
turbines. And you should know about 
Solar-a company with 30 years of 
experience in using tough alloys to 
solve tough engineering and fabri
cating problems. For more informa
tion, write Dept. C-62, Solar Aircraft 
Company, San Diego 12, California. 

Designers, Developers and Manufacturers . Gas Turbines . Aircraft and 

Missile Components ' Bellows ' Controls ' Coatings ' Metal Alloy Products 

WRITE FOR BOOKLET . • .  new brochure describes 
Solar gas turbines - how they work, advan· 
tages they offer to forward-looking industries. 
Send for a copy today. 

SOLAR 
AIRCRAFT COMPANY 

ENGINEERS WANTED Unlimited oppor
tunities in Sola,' s expanding gas turbine 
program! Write today, giving experience. 
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Life 
on the 

Chemical 
Newsfront 

Fifty years ago, as recipient of the first Perkin 
Medal, William Henry Perkin told his Ameri
can colleagues, « • • •  that this industry which I 
was permitted to found should have led to this 
result is a source of pleasure to me because 
the final result of our work should be the 
benefit of mankind." 

184 

NEW ANILINE DERIVATIVE AIDS GLAUCOMA SUFFERERS. A common cause 
of blindness, glaucoma is a condition in which fluids accumulate within the 
eye, eventually damaging the optic nerve. DIAMOX· Acetazolamide, available 
only on a doctor's prescription, can be taken orally to reduce the watery secre
tion entering the eye and usually affords quick relief. Used in conjunction with 
other drugs, DIAMOX may provide adequate therapy, and in severe cases con
siderably increases the possibility of corrective surgery. DIAMOX is one of the 
latest in a long line of pharmaceuticals derived from Perkin's experimentation 
with aniline. (Lederle Laboratories Division) <Trademark 

THE PERKIN CENTENNIAL 1856-1956 

This month, the chemical industry 
commemorates the 100th anniversary 
of the discovery of the first synthetic 
organic dye by William Henry Perkin. 
The stature of today's chemical indus
try reflects the importance of Perkin's 
work. For not only was a new dye 
industry born that day in 1856, but 
also the branch of the chemical industry 
based on synthetic organic chemicals. 

Until 1856, chemical science had 
been content to synthesize naturally 
occurring materials. After that date, 
the objective became the synthesis of 

products that improved on nature. The 
results are evident in the dyes, drugs, 
solvents, plastics, fibers, insecticides 
and fuels which so profoundly affect 
our lives today. 

Cyanamid owes much to Perkin's 
early work. Many of our products to
day would be familiar to him. Others 
are derived through methods far be
yond the limits of his day, yet are out
growths of the work he initiated. Each 
product described on these pages is \ 
related to the coal-tar chemistry to 
which Perkin devoted his life. 

• 
HELPING COLOR STAND UP TO SUN
LIGHT has long been a major objective of 
chemistry. New protection now can be 
secured with Cyanamid's UV Absorber 9. 
Related to dyes which selectively absorb 
some wave lengths of light and reflect 
others, UV -9 absorbs strongly in the ultra
violet portion of the spectrum, thereby 
converting the color degrading rays into 
harmless heat. Colorless itself and highly 
stable, UV-9 is compatible with a wide 
range of formulation possibilities to pro
tect clear or colored materials against dis
coloration, fading and deterioration in 
sunlight. Use in transparent films, waxes 
and surface coatings over light-sensitive 
materials is particularly recommended. 
(New Product Development Department A) 
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SEEN FOR THE FIRST TIME in dyeing history is the actual mechanism of 
fiber dyeing through the use of the Microdyeoscope, a development of 
Cyanamid's Organic Chemicals Division. A significant step in dye research, 
this instrument permits continuous microscopic observation of individual 
fibers through the complete cycle of dye-bath operation. Not only has the 
Microdyeoscope shed light on details of traditional dye techniques, but it 
is proving valuable in developing new dyes and dyeing processes for new 
fibers and fiber mixtures. Through such developments, one of the oldest 
of the commercial "arts" is fast becoming a well-understood science. 
(Organic Chemicals Division) 

SPIC AND SPAN NOW-but there's a look in the eye that says it won't 
last! Even so, children's clothes today can stay colorful longer despite re
peated soiling and washing. Of the many dyes developed since Perkin's 
time, none surpass the vats in colorfastness. Because of this property, they 
are superior for draperies, play clothes, slip covers, work clothes, bathing 
suits, shirts and many other fabrics made from cotton, viscose rayon and 
linen. The U.S. Army specifies vat-dyed fabrics for every possible use in 
government issue clothing. These goods can be expected to take rugged 
wear, heavy soiling, hard rubbing, frequent washings and still stay colorful 
when they are vat dyed. (Organic Chemicals Division) 

NEW COLOR STYLING EACH SEASON has been made 
more practical through steady reduction in dye costs. In 
1856, Perkin's first commercial dye was worth its weight 
in rlatinum! An initial step in overcoming high raw mate
ria costs was the sYIlthesis of anthraquinone from phthalic 
anhydride. Next, phthalic anhydride was produced by 
catalytic oxidation of naphthalene, and dye prices tumbled 
rapidly, making color available for every purpose. With 
bulk use growing, further savings in cost in many fields 
are made possible by the availability of Cyanamid phthalic 
anhydride in molten form. (Industrial Chemicals Div., Dept. A) 

COLOR INVADES THE KITCHEN, making mealtime chores 
more pleasant in lively and attractive surroundings. The 
modern trend in home decoration has created a demand 
for bright pastels and decorator colors in major appliances. 
Today, refrigerators, stoves and sinks, traditionally white, 
are available in many hues. Cyanamid pigments are con
tributing to this more pleasant way of life by providing 
test-proved color durability in architectural, household and 
appliance finishes, plastics, floor coverings and other mate
rials found in to day's modern kitchen. (Pigments Division) 

r 
........................... , 

Additional information may be obtained by writ

ing on your letterhead to the Division of American 

Cyanamid Company indicated in the captions. 

Building for the Future Through Chemistry I 
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5 to 50 KV 
Small  as ·G fi l i n g  c a b i n e t ,  
y e t  it  w i l l . .x-roy a n yt h i n g  
up to "1/,, " t h i c k  a l u m 
i n u m a  S e l f - c o n t a i n e d , 
completely rayproof.  

o ne is n o  good ! 

Wouldn't you like to be that sure about duds lu 

your own production ? Noudestructive radiography 

(either x-ray or gamma ray) could do it for you maybe. 

Anythiny you buy or sell which needs " seeing into" 

Is fair game for this versatile Inspection method • • •  weldments, 

castiugs, assemblies, plastics, wood, metal • • •  right across the board 

from paper-thin stuff to foot-tltlck steel. 

If you need to spot hidden defects to keep a firm finger on quality 

coutrol, we'll be glad 10 tell you what radiography can do for you.* 

• There's probably a Picker District office near you (see local 'phone book) . Or write 
Picker X.Ray Corporation, 25 South Broadway, White Plains, New York. 

1 50 KV 
Penetrates up to 1 "  steel 
a n d  5 % '" a l u m i n U1n  
( m ore witt; screen s ) .  Sta
t i o n a r y or m o b i l e  f o r  
" on - t he�spot" x - rayi n g .  

250 KV porlab/. 
Rugged, l ig h twei g h t  250 
KV tu beheod with separ
ate remote power chassi s .  
w i l i  e n ter ope n i n g s  as 
small  as 1 S" square. 

RADIOGRAPHIC 
CABINETS 

Rayproof enclosures obvi. 
ate need for lead- l i ned 
rooms.  Ava i l a b l e  with o r  
w i t h o u t  feeder t a b l e s .  

260 KV cran. or dolly 
For heavy-duty inspection 
( u p  to 3" stee l ) .  Oper
ating down to 60 KY., w i l l  
x-ray a w i d e  range o f  
o t h e r  materials .  

GAMMA Sou"es, 
equipment, (onto;ne" . 
Panora m i c ,  circu mferen
t i a l ,  and d i rect ional  pro
jectors using ces i u m ,  ir.  
id i u m  or cobalt  isotopes. 

one sonrce for everything in radiography and fluoroscopy 
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The Distribution of Galaxies 
The light of galaxies takes so long to reach us that photographs 

of the deep sky map them both in space and time. Mathematicians 

now seek a chance mechanism that will account for their pattern 

I n the effort to obtain a large-scale 
view of the universe, most cosmo
logical studies are forced to reduce 

its observed make-up and behavior to 
averages-one atom to so many quarts 
of space, "average" galaxies set out uni
formly in space like orange trees in a 

SEXTANS 

'J 
LEO III 

LEO II 
{S 

� 
LEO I 

by Jerzy Neyman and Elizabeth L. Seott 

grove. This smoothing-out procedure is 
unavoidable in any attempt to describe 
the universe in terms of cause-and-effect 
relationships. The motion of a single 
planet may be predicted accurately by a 
few formulas, but to consider a whole 
universe of stars and galaxies in this 

ANDROMEDA 

j� )- :, 

:\ :{'CARS 
0'<-'$ 

� C) GALAXY 

URSA MINOR 

way is completely out of the question. 
There are just too many bodies requiring 
separate equations, and the equations 
become far too complicated to handle. 
The formulas of the cosmologies are 
therefore applied to an averaged picture 
to see what general conclusions can be 

W-L-M 
ii 

o 
g' <"> 1--+-------+----. 

� 
FORNAX 

� 
SCULPTOR 

LOCAL GROUP of galaxies is roughly projected in the plane of 

the page. Our galaxy is in the center; the arrow indicates 0 de

grees on the Milky Way. The form of the galaxies is schematically 

shown, but their size is exaggerated. The objects to the north of 

the Milky Way are in color; those to the south of the Milky Way, 

in black. The galaxies are named according to various conventions. 
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ASSOCIATIONS OF GALAXIES far beyond the local group 

are similarly mapped. The smaller dots represent groups of 50 
galaxies 01' less; the larger dots, clusters of more than 50 galax. 

ies. On this scale the entire local group is in the small central 

dot. The objects in color are again those to the north of the Milky 

Way; the objects in black, those to the south of the Milky Way. 

drawn. This approach, however, has ob
vious limitations. The conclusions can 
agree with the real universe only in 
terms of averages, and they leave unex
plained many of the details of its struc
ture and behavior. 

There is another way of attacking the 
problem. We may give up the cause-and
effect approach and consider the uni
verse as an outcome of a chance mechan
ism, subject to the laws of probability. A 
roulette wheel is a chance mechanism. 
The significant feature of such mechan
isms is that they produce striking regu
larities "in the large" combined with a 
tremendous range of irregularities "in 
the small." Thus an appropriate mechan
ism might reproduce the large regulari
ties and the pattern of local irregularities 
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of the universe as we know it. In other 
words, we would seek to recreate the 
universe we see by the operation of some 
chance mechanism applied repeatedly 
inch by inch over all space and hour 
by hour over all time. Such a mechanism 
could not attempt to predict exactly 
what would happen at a given moment 
of time in a given region of space. But 
it would try to predict how frequently 
a given configuration of stars, galaxies or 
other systems will be found in different 
regions in space. 

We have been working along these 
lines with our colleagues at the Univer
sity of California and the Lick Observa
tory. C. D. Shane, astronomer at the 
Observatory, prompted our study. He 
was engaged in a survey of the distribu-

tion of galaxies in photographs of the 
sky, and he became curious to know 
whether their lumpy distribution (rather 
like handfuls of seed scattered in a field) 
might be described by some statistical 
law. Our efforts to answer his question 
developed into a long-range study. The 
results so far obtained include a plausi
ble chance mechanism governing the 
distribution of galaxies in space and a 
novel method of testing certain cosmo
logical models. The method is inde
pendent of the red-shift; indeed it offers 
an opportunity for a separate check on 
whether the universe is truly expand
ing. It also seems capable of deciding 
between the evolutionary and steady
state theories. 

For more than a century astronomers 
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LEAVE IT TO THE DEVELOPMENT ENGINEER TO APPRECIATE TRUE QUALITY I 

Time has proven that for critical electrical or elec
tronic applications nothing equals the Allen-Bradley 
"quality" variable resistors. They are available in 
five types. All have a solid-molded resistor element 
which guarantees long life, low noise, and perma
nent characteristics. All are progressively tapered in 
resistance to satisfy any resistance-rotation curve. 

Because these "quality" resistors have solid
molded elements ... not painted or sprayed ... they 
do not deteriorate with age or service. In fact, the 
carbon contact brush actually improves with use. 
These units are not affected by heat or moisture 
and are noted for their low noise characteristics. 

Tell us about your variable control problems. 
Our engineers would like to work with you. Write 
today. 

Allen-Bradley Co. 
134 W. Greenfield Ave., Milwaukee 4, Wis. 

In Canada-Allen-Bradley Canada Ltd., Galt, Ont. 

FOR INDUSTRIAL 

ELECTRONIC 

APPLICATIONS 

Type H, 5-watt variable 
resistor, in ranges from 
50 ohms to 2 megohms. 
This new high-quality unit 
is ideal for industrial or 
labora tory work. 
Operating life in excess 
of 100,000 cycles with 
essentially no change 
in resistance. 

molded 
composition 

Variable 
Resistors ... 
the HQuality" line! 

FOR PRINTED CIRCUITS 

Type. GP, Y2 -watt variable 
resistor (Y2 -inch diam). 
Similar to Type G below. 
Slotted screwdriver shaft. 

FOR SUBMINIATURE 

ASSEMBLIES 

Type G, Y2 -watt variable 
resistor (Y2 -inch diam). 
Plain or lock-type bushing; 
plain or slotted shaft. 
Available with switch. 
Has qualified under 
MIL-R-94A. 

FOR RADIO 

AND ELECTRONIC USE 

Type J, variable resistor, rated 
2 watts at 70 C. Can be furnished 

with regular or extended shaft. 
Dual and triple units can be 

furnished. Qualified under 
MIL-R-94A. 

FLAT, COMPACT DESIGN 

Type T, Y2 -watt variable 
resistor {I-inch diam}. 
Supplied for hand or 
screwdriver adjustment. 

ALL _-BR_ LEY 
QUALIT�OTO� NTROL 

' .. 4"" Ill! H LIT'.' �> . 
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have been making systematic surveys of 
the distribu tion of galaxies in the sky: 
several are in progress just now. No 
general pattern of any kind has emerged. 
The galaxies are found in small groups, 
in large clusters, in clusters of clusters, 
and alone in wide space. A rough picture 

- of the nature of their distribution is given 
in the two accompanying maps [see 
pages 187 and 188]. The first is a "close
up" view of the arrangement of galaxies 
in our own neighborhood, covering a 
span of about one million light-years. 
The second is a wider picture on a dif
ferent scale which reduces all the galax
ies in our local group to a dot in the cen
ter. It embraces a space of some 400 mil
lion light-years. On this scale no indi
vidual galaxies are shown but only clus
ters of them (which within the range of 
150 million light-years can be distin-

15" 

+20 

+10 

-10 

-20 

guished into small "groups" and larger 
"clusters") . 

The maps illustrate the patchiness of 
the distribution of galaxies in space. It 
is this sort of picture that the chancc 
mechanism procedure we have men
tioned seeks to reproduce. 

To explain our approach it may be 
helpful to consider as a rough analogy 
the problem of a life insurance actuary 
constructing a mortality table. His "uni
verse" is a group of, say, one million 
policyholders, and his problem is to pre
dict the state of this universe at various 
times in the future. Now the fate over 
the next 12 months of a single human be
ing, or of a family, is unpredictable, but 
if the actuary considers the million poli
cy holders as a group, regularities "in 
the large" emerge: the proportion of 
deaths is greater among the 50-year-olds 

l4' 13" 

than among the 20-year-olds, etc. The 
whole process of survival and death oc
curs as if it were governed by a chance 
mechanism which can be represented 
as follows. Each morning before break
fast every single one of us approaches an 
urn filled with white and black balls. We 
draw a ball. If it is white, we survive the 
day. If it is black, we die. The propor
tion of black balls in the urn is not the 
same for each day, but grows as we be
come older in accordance with the so
called Gompertz-Makeham law. Still 
there are always some white balls pres
ent and some of us continue to draw 
them day after day for many years. 

Naturally this chance mechanism is a 
hypothetical one. However, the impor
tant point is that by using such a hypo
thetical chance mechanism actuaries can 
predict the frequencies of the various 

12' 

+20. 

+10 

o 

-10 

+40 -20 

DENSITY OF GALAXIES varies widely over the sky. Contour 

lines give numbers of galaxies per square degree. Serrated lines 

represent "holes," where density decreases within the line. The 

horizontal scale measures right ascension, or longitude on the celes

tial sphere; the vertical scale measures declination, or latitude. 

The map itself is marked off with respect to galactic coordinates. 
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SYSTEMS CAPABILITY 
- where to -look for it! 

For systems work, at the discussion stage particularly, 
you must look beyond narrow fields of capability. The 
norm should be a company's past and present per
formance in all the technical fields and branches of 
industrial science systems work calls upon today. 

The more deeply rooted you are in all the things of 
which systems are comprised, the better able you are 
to produce completely dependable systems. 

Bendix has an engineering and research staff of over 

9,000 with an exceptionally broad range of technical 
abilities. 

Over $80 million was expended on engineering and 
research functions in fiscal 1955. 

Twenty-four widely dispersed manufacturing divi
sions located coast to coast employ 50,000. 

The Bendix Systems Planning Group at headquarters 
in Detroit coordinates major systems work and gives 
you a single, centrally located contact. 

Bendix offers exceptional capabilities 
in every phase of systems work 
DISCUSSION • CONCEPTUAL DESIGN 

• ANALYSIS • RESEARCH & DEVELOPMENT 

• PROTOTYPE DESIGN & MANUFACTURE 

• ENVIRONMENTAL & OPERATIONAL TESTS 

• SYSTEMS PRODUCTION • SUPPORT 

& FIELD SERVICE 

AVIATION CORPORATION 
FISHER BLDG., DETROIT 2, MICHIGAN 
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PLOT OF GALAXIES was prepared by C. D. Shane from a photo· 

graphic plate exposed at the Lick Observatory. It covers a square 

area six degrees on a side. The sizes of the various symbols are a 

rough index of the brightness of the galaxies which they represent. 

combinations of disasters that may oc
cur in a family and provide us with in
surance. In other words, all happens as 
if we actually did draw balls before 
breakfast. 

It is plausible that a similar chance 
mechanism, functioning repeatedly over 
small units of space and time, would pro
duce the observed large-scale regulari
ties in the distribution of matter in the 
universe and the correct frequencies of 
the various local irregularities. In paral
lel with the division of the life span of 
an individual into days, we visualized 
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space as divided into an infinity of ele
ments of volume (small cubes, all of the 
same size). Just as each day is con
sidered as a potential date of death, each 
elementary volume in space was treated 
as a potential location of a galaxy. 

The simplest attack is to try to popu
late the universe by a single mechanism 
applied uniformly throughout space, 
and this is the one with which we began. 
Suppose that the chance mechanism is 
a roulette wheel with a very large, and 
specified, number of slots. Approach the 
first cube and spin the wheel. If the ball 

stops in the slot labeled 0, put a galaxy 
in the cube. Otherwise leave it empty. 
Repeat the procedure for all the cubes. 
(To keep the mathematics manageable 
we consider space to be Euclidean-not 
curved-and infinite.) Carried out 
through all space, this process would 
produce some kind of arrangement of 
galaxies. By mathematical calculations it 
is possible to determine what the distri
bution of galaxies on photographs of the 
sky would be like if such a mechanism 
functioned uniformly through space. 

When the calculated scheme of distri-
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ELGI N can miniaturize and 
mass produce your assemblies 

There's bigger profit in smaller products these days! 

When conserving space is vital (as in time and 

control devices, small actuators and other electro

mechanical devices) call on Elgin for creative 

engineering and specialized assembly facilities. 

Elgin's broad experience and skill can help you in 

the design of miniaturized components and in 

putting them into mass assembly on a low-cost basis. 

We will work with you on all phases of your 

miniaturization program. 

READ HOW ELGIN'S "PRACTICAL MINIATURIZATION" 
CAN HELP YOU NOW 
This booklet will open your 
eyes to new opportunities and 
profits through Elgin's 
"Practical Miniaturization". 
It tells how Elgin has helped 
others ... how Elgin can 
help you. Write today for the 
"M iniaturization" booklet. 

ELGIN NATIONAL WATCH COMPANY 

• 
MICRONlts DIVISION • ELGIN, ILLINOIS 

193 

© 1956 SCIENTIFIC AMERICAN, INC



r-------------------- cr':�·
------------��----�

0
---,,�0

-----0 --77--
0
�-----

.
------------------ -O--. ------��--------------, 

: 
• : , d � , 

.• 0 0 
' 0 

0 0 
0 <3 • � 0 0" 0 ,0 

• 00 , . • • o • 

, '. .0
,

'" • :�. 
(It 0 0 o · :", 0 " 0 Q( o • 

o 
o " • . ?' o 

· . ' �: 0 �o 0: o •• . .. . 
. . .0 9 

.0 o . ' 
• 9 0 • :' ,0. '0. • 

p O  .... :: If' o. • 
• 0 o 00 • 0 . ' . o • . . '0 

•
0" 

. ' 0 0 
• • 'A 

o • • • • �y 
. e· ·o • •  • � � � •• • 0 , ."? . .A.. . :�. 4 0 0 " .  

• ' ' :;:r; .o. " 00 .0. 0 
o -(,. °O! o 

d �'? 

" , . . 

1 •• -0 
0() 

o 

o • 

o i, Go. ., ., .. 

o 

.. 

o 
o .. 

' .' 

o· 
o 

. . o • 

. . , 
o - . 

• 0 

, . . . 

, '3 
o · 

" . " 

• • 
0 '0 

00 '. o 

d 
'0 '  ., 0 " 

. ' . 

, .. , \00. 

o • 
r 

tP . ' 0 .. 

o •• 
01'. °0

, 0 
• • • : . 

:.., . 0 
o 

. . ' 
. ' 

... ( ." , ' • • 0g '��. =-8 

.' 0" 0: 0 0 • 'o-y- . o 

• 
. . . . 

& 0 

• 

'0 

o • 

. . 
. . • 
.. o· 

o· o. 0 
o 0 

. . . 

... . . ' . 

O. 

: 

o 

. ' 

q, • : 
'. •. .. . . 

, '. • • 
·0 0 00 p 

o " . q, ' 
. . . . > . . n '''0· .,,' 00 

�o. " 

0 .. 
. . 

o 0 o . 
. . • 0.0 •• o .0 , 0 • 0 r • • •• •• # 0 

o ' . 0' " .� • : 'ocr 0 0 Q..,. • ' . &" ,: ' . � • • : •• : ' c\ 
o �. .' o· o •••• ,p 

i 
i 

'.' 

. , 

, '. 

o " • 

. . " 
, , 

• 

o 

, 
o • 

o· . 
o 

o 

" . 00:6' • 

o � 

. ' " , :. o ,. " 
0 0 '. 0: 

. ' 
o .0: 

0, • '0 

o 

' . 

'. 
00 : ", . : ••• _:. � .' .o� 'I"�, • 0 0 .,..0 .0  

o · 
.. 

:: . Jj ' 
0 0' 

'. Oro " ,,' '" " 
. �i 0.0'. 

".;:. 0 0 d: 0 .; 0 " 
... ' . Jop", • o· 'e; ". 

. :. *0,. • •  "0:
" � 

0,' 4\. • • 0 o o. o .  o ": 
'0 . . . . 

: .. 
.�. 1, o 

• 
• 0 •• 

. •  J'fI 0 ,' � 0 

o:o�., •• • cO • 0 . ,o·? 

" • o· • 
. . " '. 

#. ·. ·0000 ... • o. 4 0 . : . . ·0· � 
' s> ... 6' o 0: . 

'. 

o • 
. ' • 0 • o. 
. : . : •.. 

o 
o · o� •• 

. ' 
', l) o .  • 

o 
p 

.. . . 

• I .' 

. ' 8 • 

'0' 
'0 

o 
0° • • 
.. 0 0 
'b 

• 
6 a 

�'oo 0 : . .. .. . . ; o '� • • o, 
. ., ,, ' ..

.. 
.' . " 

•• 0 o 

l' 
" ' 

• :" . 

'II' , 

o ': ,pI 
00 0 0 0.0 0 o 

.. 
o " 

, 
• 

, .' 
•• 

.� 

.' '.: = " . '
4-�" ;' �o '" • 

. ' 
o 

0 'o� • , .. f-
o • • '0 .

.
... . . � 

o '0 

, .0 . 0' .0 

.. o o. 
' 0, 0 0 • •  o o o ••• • • 0 o· '0;0 .', 

o· o· <;>� ; 0 0• ,. • " 0 .. . .. o 0 
0 •• 0 

'. ' . 
o 0 o 0 

. . . -<;- . 
• 0 0 # 

.0' 
,,' o 
o • 

• o· o ,. .. 0 

. ' IS , . 

. . 
o 

, '. 
o· 

: 

. 
o 

o 

o : 
o 

o 

'. o 

... 

.. o · o 

,'. 

, . 

• 0 , 

, , 

o 

• • 0 

.. 

• 0 
o • • 

Cb 0 
. . 

. . 

o .' 
0 

. .... 
o 

:. 
• 

o 
'.0 

o 

o 
o 

o 

o 

• 
. . 

0.0 0 0 
.. • 

• 
• o :> o. 

• • q. .. ' 
• 0 • o 

. .. . o 
. 
. , o 

.' • • 0 

... 0 
o '. 

• 0 o 

'. . 

. .. 

' . . 

'. 

o 

o o . .. 

· . 
o 

00 o , .. 

o· 

.. 
" 

• 0 

.. , 
(, .0 

'0 

o 
'0 0 " 

" . . 
o 

o .' 
, . 

o 
o 

o 

o 

o 0 

0 0 

, o 
o 

"SYNTHETIC" PLOT of galaxies was made by actually applying 

the chance mechanism described in the text. The clnstering of 
galaxies, which this m"echanism guarantees, is not apparent from a 

casnal inspection. It is bronght out only by statistical analysis. 

bution was compared with the actual 
distribution of galaxies recorded in 
Shane's photographs of the sky [see page 
192], it became apparent that the simple 
mechanism postulated could not pro
duce a distribution resembling the one 
we see. In the real universe there is a 
much more pronounced tendency for 
galaxies to be grouped in clusters. 

This suggested a different approach 
to the game. Suppose we assume that 
galaxies always occur in clusters, vary
ing in the number of members. In prin
ciple we can consider even .an isolated 
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galaxy as a cluster containing but one 
member. We can then use a more elabo
rate chance mechanism to represent this 
situation. Approach the first cube, as be
fore, and spin the roulette wheel. If the 
ball hits 0, place in it not a galaxy but 
a "cluster center." After cluster centers 
have been placed by this random process 
in the whole space, we go back to the 
cluster centers to decide how many 
galaxies each cluster should contain. 
For each center we spin a roulette wheel 
again-this time a different wheel with 
a much smaller number of slots. If ° 

comes up on the first spin, we place just 
one galaxy in the cluster. If it does not, 
we spin the wheel repeatedly until it 
comes up: the number of spins needed 
to hit ° is taken as the number of galax
ies in the cluster. Finally, we must ar
range the galaxies in each cluster, de
ciding how far apart they shall be. For 
this we select a third appropriate roulette 
wheel. 

It is obvious that by trying many dif
ferent chance mechanisms and com
binations of mechanisms (e.g., adding a 
fourth step to create clusters of clus-
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los 
Los Alamos Scientific Loboratory Is 

operated bll the University of California 
for the U. S. Atomic Energy Commission. 

Los Alamos Scientific Laboratory is located in a 
delightful small city, high in the pine forests 
of northern New Mexico. It is a city of 

• • • 

and Career Opportunities 
The Laboratory has immediate openings for 
scientists in: 

THEORETICAL PHYSICS 
AND MATHEMATICS 

Theoretical studies provide guidance and 
support for all of the Laboratory programs as 
well as conceptual designs of nuclear weapons. 
In addition, basic research is carried on in 
theoretical physics and mathematics. All these 
activities are supported by four modem 
high-speed electronic computers. 

EXPERIMENTAL NUCLEAR PHYSICS 

Among the facilities available are three 
Van de Graaff generators, a variable energy 
cyclotron and a number of reactors. The 
Laboratory is well known for its basic research 
in neutron and charged-particle physics and, 
more recently, for its confirmation of the 
existence of the free neutrino. 

WEAPONS PHYSICS 

As the nation's principle institution for fission 
and thermo-nuclear weapons research, the 
Laboratory is interested in a wide variety of 
problems associated with the design, 
development and testing of systems for 
the release of nuclear energy. 

NUCLEAR REACTOR RESEARCH AND 
NUCLEAR PROPULSION 

In a large area of the peacetime application of 
nuclear energy, the Laboratory is currently 
developing new research reactors and power 
reactors of unusual design. Several remotely 
controlled critical assemblies constitute neutron 
research tools of a unique character. The 
Laboratory is actively engaged in the application 
of nuclear energy to the new and challenging 
field of sell-propelled mobile reactors. 

If you feel you are an above-average candidate, 
if you want to join the scientists at Los Alamos 
working at the very frontiers of their field, write: 

Director of Scientific Personnel Division 1212 

;alamos 
OF THE��!�a��!!�'F!:�oratory 

LOS ALAMOS, NEW MEXICO 
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faster, higher, farther . . .  

with the fuels of tomorrow 
The contribution of Olin Mathieson Chemical 
Corporation in the development of improved 
fuels for supersonic aircraft and missiles is an 
important part of the OMAR program. With 
Marquardt Aircraft, the West's largest jet 
engine research and development center, and 
Reaction Motors, the pioneer in America's 
rocket industry, Olin Mathieson participates 
in the joint OMAR program to advance the 

Marquardt Aircraft Company
' 

Von Nuys, California 
Olin Mathieson Chemical Corporation 

New York, New York 

science of supersonic powerplants and fuels 
- a science that will mean greater speeds, 
altitudes, range, and payloads for tomorrow's 
aircraft and missiles. 

The OMAR program exemplifies the in
tegrated effort of a well-coordinated ind us
trial team ... combining the chemical and 
mechanical experience needed for advanced 
power systems. 

Reaction Motors, Inc. 
Denville, New Jersey 

MARQUARDT AIRCRAFT 
OLIN MATHIESON CHEMICAL 

REACTION MOTORS 

4281 
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Engineers in 
training 

Experienced 
engLneers 

. . . 

. . . 

... there's no limit to the oppor
tunities open to you as members of 
the OMAR team in the fields of: 

Rocket and Ramjet Engines 
Propellants and Fuels 
Testing and Evaluation 

Positions are open for the foLLowing: 
mechanical engineers 
combustion engineers 
aeronautical engineers 
stress tmalysts 
turbine engineers 
thermodynamicists 
servo engineers 
electrical engineers 
nuclear engineers 
ordnance engineers 
instrumentation engineers 
test engineers 
development engineers 
process design engineers 
production engineers 
physicists 
mathematicians 
organo-metallic specialists 
inorganic chemists 
organic chemists 
polymer chemists 
electrochemists 
physical chemists 
analytical chemists 

On the OMAR team, you're affiliated 
with pioneers in the field of supersonic 
propulsion: Reaction Motors, Inc., 
first in the American rocket industry; 
Marquardt Aircraft Compauy, the 
'Vest's largest jet research and devel
opment center and first in ramjets; 
Olin Mathieson Chemical Corpora
tion, a leading producer of chemicals, 
metals, explosives, and high-energy fuels. 

You're on a team that unites for the 
first time both chemical and mechani
cal experience in research, develop
ment, and production of supersonic 
rockets, ramjets, and liquid and solid 
propellants. 

For further information write OMAR Employment Officer at the 
company nearest you. 

Olin Mathieson Chemical Corporation 
464 Park Avenue, New York 22, N. Y. 

Reaction Motors, Inc. 
Denville 3, New Jersey 

Marquardt Aircraft Company 
16556 S.ticoy Street 
Van Nuys, California 3907 

ters), we can produce a great variety of 
different distributions of galaxies, To 
determine the constants (i,e" the num
ber of slots in each roulette wheel) 
that give the best fit with the observed 
universe is a tedious mathematical 
process, It involves hundreds of long 
and repetitive computations on the 
probability equations that represent the 
"game." These are best done on a large 
computer. On the observational side, the 
distribution of galaxies in photographs 
of the sky must be analyzed painstak
ingly to disclose their statistical anatomy 
for comparison with the chance
mechanism picture, 

Some of this work has been finished 
and we have a tentative set of values 
for the constants which produces a dis
tribution of galaxies of a kind similar to 
the one actually observed on photo
graphic plates. 

I n the meantime a method of testing 
cosmological theories by studying the 

sky statistically has emerged. It rests 
upon the fact that the distribution we 
see is not a picture at one moment in 
time but represents distributions at 
widely different periods in the history of 

the universe. The more remote clus
ters are showing their distribution, or 
density, as it was hundreds of millions of 
years ago, because of the time it has 
taken their light to reach us. 

The chance-mechanism process we 
have described for reproducing the uni
verse assumes that the whole operation 
is carried out instantaneously. Thus any 
picture synthesized by this process is 
a picture of the universe at a single in
stant in time. If the universe is static 
(not expanding) or in a steady state, the 
density of galaxies in space should be 
the same, of course, however far back 
we look in time. But if the universe is ex
panding and no new matter is being cre
ated, the clusters of galaxies are more 
spread out now than they were in the 
past. Therefore in the far reaches of 
space, where we see a flashback to the 
population of space as it existed hun
dreds of millions of years ago, the clus
ters of galaxies should be closer together 
than they are now. That is to say, a given 
volume of "old," distant space should 
contain more clusters than the same 
volume of space near us [see diagrams 
below and on next page J. This indicates 
a test of the theories: if the density of 

STEADY·STATE or static universe would have a constant density of clusters throughout 

all of space. In this diagram equal volumes of space at any distance contain four clusters. 

197 

© 1956 SCIENTIFIC AMERICAN, INC



PRECISION 
OPTICAL 
PRODUCTS 

• 

erlscopes 
Often the answer to 
remote observation 

and control. Now in use throughout the 
nuclear, chemical, aircraft and many 
other industries. 
----------------. 

SNAIIUTE 
Projection Lenses 

Superb lenses for professional motion 
picture projection. First with high speed, 
fll.7 35 mm lenses. 

Telescopic Rifle Sights 
Truly the finest American made rifle 
scopes. Preferred by sportsmen, famous 
for brilliance, accuracy and "good 
hunting. " 

• • .  and hundreds of other precision 
optical pro du cts including Naval 
Per iscopes, Fire Contr ol Devices, 
Range Finders, Navigational Instru· 
ments and special optical systems for 
Industry and the Armed Services. 

347 King Street, Northompton, Moss. 
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clusters in space increases with distance 
from us, the universe is expanding and 
evolving; if the density remains con
stant, the universe is static or in a steady 
state. 

How can we compare the densitv of 
nearby and distant space? On a photo
graphic plate nearby clusters are super
posed on more distant ones, so that the 
images of their member galaxies are 
thoroughly scrambled. It is therefore 
extremel�' difficult, if not altogether im
practicable, to separate the distant clus
ters from the nearer ones. However, it 
occurred to us that a statistical analysis 
of the plate as a whole might resolve the 
question. The analysis depends on the 
fact that any cluster at a great distance 
will look smaller and more tightly 
packed than one of the same size close 
by. On this basis we can picture roughly 
how a plate might look if it contained a 
disproportionate number of distant clus
ters (as required by the evolving model) 
or a constant density (steady state). 
Greatly exaggerated versions of these 
alternative distributions are pictured in 
the diagrams on page 200. Comparing 
them with Shane's plate [page 192], it is 
plain that one cannot decide on the 
actual distribution simply by glancing 

at his plot. But they indicate that a 
statistical analysis could decide which 
alternative better fits the actual picture. 

Briefly, the method is as follows: Each 
map is divided into many small squares. 
The galaxie's in each square are counted. 
If a square happens to cover part of a 
rich cluster, this square will contain 
substantially more than the average 
number of galaxies. In that case the ad
joining squares are also likely to be at 
least partly within the cluster and to 
have a high galaxy count. So, too, the 
s(luares next to these and so on, but with 
decreasing probability of high counts as 
we get farther from the center of the 
cluster. The larger the cluster, the far
ther out the high count will extend. The 
plate is gone over square by square, and 
correlations are computed for adjacent 
squares, squares once removed, and so 
on. These correlations provide a basis for 
determining the distribution of cluster 
sizes in space and thus deciding between 
the opposing theories. 

The idea is simple enough but it in
volves an enormous amount of computa
tion, which is now in progress on a high
speed computer. At the moment we are 
analyzing plates made with the 20-inch 
telescope at the Lick Observatory. How-

YEARS AGO' 

EVOLVING UNIVERSE would show increasing density of clusters at increasing distance. 

Here equal volumes contain from four clusters locally to seven at 900 million light years. 
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Your 
future in 

MICROWAVES 
at the 

r----------------------------------- -1 
I I 

: HUGHES : 
I I 

! RESEARCH LABORATORY : 
l------------------------------------

U
---J 

The Microwave Laboratory at Hughes 
conducts fundamental research and 
long-range development in the field 
of microwave components and 
techniques. The antenna program is 
concerned with research on linear 
and two-dimensional arrays of slot 
radiators; transmission and radiation 
of surface-guided waves; very high 
resolution radar antennas; and the 
development and engineering of 
airborne communication, navi
gation and fire control antennas. 

Instrumentation is developed for new 
measuring equipment to meet needs 
of the program. This has included 
development of automatic imped
ance and antenna pattern recorders, 
microwave power supplies stabilized 
in amplitude and frequency, micro
wave circuitry, and microwave ap
plications· of ferrite devices. 

Scientific 
Staff Relations 
1----------------, 
I I 
: HUGHES: 
I I 
L ________________ � 
RESEARCH AND DEVELOPMENT 
LABORATORIES 
HUGHES AIRCRAFT COMPANY 

Culver City, Los Angeles County 
California 

These positions are open 
for Engineers and Physicists 
in the Hughes Laboratories: 

MICROWAVE OPTICS 
Engineers or Physicists experienced 

in electromagnetic wave diffraction 
and other behavior problems 

of slot antennas. 

ENGINEERS 
with design experience in large array 
antennas at microwave and 

UHF frequencies. Work involves 

design, calibration, and measurement 
of both airborne and ground arrays. 

ENGINEERS 
to study microwave tube applications 

to special and unique 

microwave circuits. 

ENGINEERS 
to make studies on the utilization 

of microwave tubes as extremely 

stable oscillators. 

ENGINEERS 
to apply newer traveling wave 

type tubes to problems of 

countermeasures. This involves such 

studies as noise modulation and 

frequency acquisition in 

search type receivers. 

VIDEO CIRCUIT ENGINEERS 
with experience in video amplifiers, 

pulse circuitry, coding and decoding 

circuits, and delay lines. 

You are invited to send resumes 

0/ your education and experience 

to the address at left. 
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about people who 
apply scientific 
I IDEAS I for I IBM I 

Dr. D. D. Wall 

This is Don Wall of IBM's Applied 
Science Division, holder of a graduate 
degree in number theory from the Uni
versity of California. After actuarial ex
perience, he joined IBM in 1951. Don 
works on computer applications-find
ing numerical methods for solving prob
lems. He has organized and conducted 
various classes to teach what can be done 
with electronic computers and how they 
are used. His particular job for IBM is 
to coordinate the company's activities 
with universities and colleges in adminis
tering a program that helps support com
puting laboratories on school campuses. 

Applied Science in IBM 
Don Wall is typical of the specialists who 
work for IBM Applied Science. He con
sults with leading organizations in apply
ing mathematics and scientific methods 
to management problems, and he applies 
computers to engineering and scientific 
research. 

There's an opportunity for you in 
Applied Science at IBM. The require
ments are high, the rewards unlimited. 
Young mathematicians, physicists and 
science majors are invited to apply. 
Write full details of education and inter
ests to Dr. C. R. De Carlo, Director 
Applied Science Division, International 
Business Machines Corporation, 590 
Madison Avenue, New York City. 
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ever, this instrument, with a range of 
only a few million light-years, does not 
cover a sufficient span of time to show 
detectable differences in density. Our 
hopes for a decision are tied to the new 
120-inch telescope now nearing comple
tion at the Lick Observatory. According 
to the present plan, as soon as this tele
scope is in operation a new survey of gal
axies will be undertaken in coordination 
with the old survey. When these data be
come available for analysis, the crucial 
moment will have come. Preliminary 
computations indicate that the 120-inch 
telescope is powerful enough to pene
trate far enough back in time to tell 
which of the two categories of cosmo
logical theories is closer to reality. 

".:.:. . '. ::,: 

CLUSTER PLOTS made with large tele· 

scopes may settle the questiou of the expan· 

sion of the universe. An excess of small, dis· 

tant clusters over large, near ones would 

indicate expansion. The diagrams above are 

greatly exaggerated schematic illustrations 

of two possibilities. At the top is a plot which 

might represent a static universe. It contains 

three large clusters and 10 small ones. At 

the bottom is a plot containing two large 

and 20 small clusters. A distribution of this 

type would be strong evidence in favor 

of the idea that the universe is expanding. 

about the people 
who research the 
I IDEAS I at IBM 

James Hanson 

Jim Hanson, who received his E. E. de
gree from the Illinois Institute of Tech
nology, became a member of IBM's 
ftngineering staff in 1951. Non-profes
sionally, he's well-known by co-workers 
and friends outside the company as a 
violinist of merit. Jim enjoys a chair with 
the first violins of the Dutchess County 
Philharmonic, and has performed with 
various symphonic and orchestral groups 
throughout the country. 

Robert M. Walker 

Senior Engineer Bob Walker, more than 
10 years with IBM, is currently doing 
development work with high-speed elec
tronic circuitry at the company's Watson 
Laboratory in New York City. A resi
dent of nearby Closter, N. J., Bob has 
taught electronics at Columbia Univer
sity, and before joining IBM was a staff 
member of the M.LT. Radiation Labora
tory. In his spare time, he operates his 
own ham station K2FK-a license he's 
held for 34 years! Bob is a Senior Mem
ber of the IRE, a member of the APS, 
and a registered Professional Engineer. 

• If you are a Creative Engineer who 
would like to put ideas to work at IBM, 
write, describing your background and 
interests, to William Hoyt, Room 1109, 
1BM,590MadisonAve.,New York 22, N. Y. 
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putting I I D EA S  I to work- research at l I BM I 
• Whisker Loader : allows accurate measurement of contact area 

between pointed .005" diameter wire and semiconductor surface. 
IBM Bulletin No. 300 . 

• Thimbleful of Liquid Memory : using the nuclei of hydrogen 

to store information. IBM Bulletin No. 301. 

Whisker Loader 
Transistors are a "natural" for computers 
because of their small size, long life, and 
lower power needs than vacuum tubes. 
While most transistors used today are of 
the junction type, some applications re
quire the point-contact type. In this 
type, the desired trace element is intro
duced into the germanium "heart" by 

j 
passing a large pulse of current through 
the pointed wire-which contains the 
desired trace element and which is in con
tact with the germanium. The result : 
heat causes the element to penetrate
or diffuse into the germanium. An im
portant problem in the development of a 
manufacturing process for this type of 
transistor was to determine-one at a 
time-the influence on the diffusion proc
ess of each of the various factors involved. 
Jim Hanson, of our Poughkeepsie Re
search Laboratory, tackled this problem 
and came up with some of the answers 
by using what he calls the Whisker 
Loader. This precision instrument which 
he developed makes it possible to place 
the point of a five one-thousandths inch 
diameter wire upon the germanium sur
face ; momentarily press the point against 
the surface with an accurately determined 
force of several grams ; remove the wire 
and measure and inspect the area of con
tact between the wire and the germanium 

with a microscope (as small as one hun
dred-millionth of a square inch) ; and 
then replace the wire on the germanium, 
in the same position it first occupied, for 
electrical pulse forming. Our knowledge 
and understanding of pulse-forming tech
niques have been greatly increased by 
the use of this instrument. 

A full report that clearly details test 
procedures, test results and other per
tinent data is available in IBM Bulletin 
No. 300. Write for your copy. 

Liquid Memory 
Put a small amount of liquid such as 
glycerine in a doc magnetic field, apply 
radio frequency pulses, and one can 
obtain radio frequency "echoes" of the 
applied pulses ! This is the essence of the 
spin-echo effect which has been used by 
IBM scientists to store information in 

PERMANENT MAGNET 

(a.) 
INPIIT TO T  

TIME 
.. 

OllrPtlT ON R 
> 

8.. 

liquids containing hydrogen nuclei. By 
proper combinations of r-f pulses, hun
dreds of echoes in "mirror order" or in 
"normal order" can be obtained. Refer-

DATA P ROC ESSI N G  • E L ECT R I C  TYPEW R ITERS . T I M E  EQU I PM ENT • M I L ITARY PRODUCTS ' 

ring to schematic below, when a liquid 
containing hydrogen-such as water or 
glycerine-is put into the test tube and 
pulses of r-f current are applied to coil T, 
pulses will be produced across the termi
nals of coil R as shown. The pulses e l , e2, 
and e3 are found only if pulses f l ,  f 2, and 
f3 have been applied and hence are 
called "echoes." 

The effect may be understood in terms 
of the magnetic moments and angular 
momenta or spins of the hydrogen nuclei. 
In the doc magnetic field, the nuclear 
moments are aligned so that the net 
moment throughout the sample is parallel 
to the field. A weak r-f pulse tilts the net 
moment away from the doc field, about 
which it then precesses. But, due to in
homogeneities in the field, moments in 
different parts of the sample process at 
slightly different rates . . . get out of 
phase with one another, and hence can
not be detected. The strong r-f pulse ro
tates all of the moments so that those 
which were farthest ahead in phase be
come farthest behind, and conversely. 
Subsequent precession brings the mo
ments back into phase, giving rise to the 
echo signal. 

A research group at the IBM Watson 
Laboratory in New York City, headed 
by Robert M. Walker, has investigated 
this effect and succeeded in storing a 
thousand "bits" of information in a 
thimbleful of liquid. Some day this form 
of memory may be an important com
ponent of a computing machine. 

This method of storage based upon the 
principles of free nuclear induction is 
more fully described in IBM Bulletin 
No. 301 .  

• RESEARCH at  IBM means IDEAS 

at work. For bulletins mentioned above, 
write International Business Machines 
Corp., Dept. SA-9, 590 Madison Ave., 
New York 22, N.Y. 

am DATA PROCE SSING 
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INVENTORY O F  M O R E  T H A N  3 0 0 0  glass formulas h a s  been 
developed and tested by A. O. Smith research in a con
tinuing program that began in 1928. All this for the sake 
of protecting the world's most useful metal - steel 
extending its life and performance abilitiel>. 

SHRUGS OFF CORRO S I V E  ATTACK. Photo shows two rods of 
steel immersed in a sulphuric acid bath. Oxidation oc
curs immediately to the unprotected steel rod on the left 
. . .  while the rod at right, with its sure-blue coat of A. O. 
Smith acid-alkali glass, remains unaffected. 

World's l arg est m a n u fact u re r  of g l ass-p rotected 

PERMAGLAS water heaters . . .  set 
new standards of life expectancy 
in tank linings. 

P E R M A G L A S  home heating and 
cooling . . .  ceramic-coated heat 
exchangers prevent oxidation 
and condensate corrosion. 

HARVESTORES for farm feed pro
cessing . . .  Permag!as mechan
ized storage s t r u c t u r e s ,  han
dling industrial bulk materials, 
turn losses to profits. 

GLASCOTE subsidiary 
products for sever
est c h e m i c a l  p r o 
cessing service . . . 
defeat corrosion and 
contamination. 
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MARRIAGE OF GLASS AND STE E L  takes place at temperatures 
up to 1600 0 F. After preparation, product is coated with spe
cial glass mixture called "slip." Then, it's fired in a furnace 
of u n i q u e  d e s i g n .  Result - far longer product life • • •  far 
broader range of effectiveness. 

NEW VERSATILITY FOR STEEL.  Specific glass formulas 
offer severe corrosion-resistance ; anti-abrasive, non
stick, dielectrical surface ;  minimal m a i n t e n a n c e ;  
flexibility equal t o  the yield point o f  the steel. Bond 
is both chemical and mechanical to :{500 psi. 

stee l  p rod u cts • • • fo r h o m e .  farm . a n d  

O u r  research a n d  
p ro d u ct i o n  fac i l it i e s  
m ay b e  a b l e  to s o l v e  
yo u r  p ro b l e m s .  
Write fo r fu l l  i nfor
m ati o n  . . .  a l s o  fre e ,  
i l l u strated b o o k l et,  
"The Sto ry of G l as s .  
P rotected Ste e l . "  

i n d u stry 

A.O.SmitJI 
C O R P O R A T I O N  

. MILWAUKEE 1", WISCO.NSIN 
12 plants in New Jersey, Pennsylvania, Ohio, 

. Illinois, V(isconsi.n. Texas apd ¢alifornia . 
Internationat Division: Milwaukee ·1. 'o'(i$consin. 
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RADIO SOURCE IN CYGNUS was located by radio interferome

ter in a rectangle of less than one square minute of arc, drawn on 

204 

this 48-inch Schmidt telescope photograph. A 200-inch photograph 

(see page 125) identified the source as two galaxies in collision_ 
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Radio Galaxies 
As indicated earlier in this lssue, colliding galaxies emit radio 

waves. The distribution of radio sources suggests that many are 

galaxies in collision beyond the range of the 200-inch telescope! 

J
ust 25 years ago, when astronomers 

on Mount Wilson were beginning 
to get their first glimpse of the ex

panding universe and to measure the 
flight of distant galaxies, a radio engi
neer at the B.ell Telephone Laboratories 
named Karl C. Jansky picked up some 
puzzling radio "static" which he decided 
must come from outside the atmosphere 
of the earth. It would have been impos
sible then to see any connection between 
the two events. But in the intervening 
25 years, indeed mainly by rapid devel
opments within the last 10, Jansky's 
static has ranged itself alongside the 
giant optical telescopes as a remarkable 
new window upon the universe. Radio 
astronomy gives us a totally new picture 
of our sun, of the Milky Way and even 
of what lies in interstellar space; but 
more than that, it now promises to ex
tend our view into the depths of the uni
verse and answer some of the central 
questions of cosmology. 

As Rudolph Minkowski relates in his 
article in this issue [page 125], five years 
ago radio astronomers located a pair of 
colliding galaxies some 300 million light
years away. The radio signals from this 
collision, called Cygnus A, are sufficient
ly strong so that it could be detected 
even if it were at a much greater dis
tance, beyond the range of the 200-inch 
telescope. Moreover, radio has an inher
ent advantage over light in probing to 
great distances. Reception is less weak
ened by the red-shift. This shift is very 
substantial at great distances. At three 
billion light-years, for example, the light 
from galaxies (there moving away from 
us at half the speed of light) would be 
shifted so far toward the red that photo
graphic plates could record only part of 
their spectrum in the visual range; the 
rest of their light would be lost [see 

by Martin Ryle 

diagmms on page 218]. Radio energy 
also suffers some loss with a wavelength 
shift, but this loss is comparatively small, 
as analysis of the Cygnus A radio spec
trum shows. 

Apart from the advantage in detect
ing galaxies at greater distances, this 
difference between radio and light has 
other important consequences. Because 

of the increasing red-shift, beyond a cer
tain remote distance optical telescopes 
will fail to get any appreciable light at 
all, and the background of the sky will 
therefore appear dark. Radio telescopes, 
on the other hand, should receive the 
merged background radiation to much 
greater distances, some of it originating 
from extremely distant sources. Thus ra-

BACKGROUND OF RADIO WAVES from the sky originates largely in a spherical "halo" 

(circle) which surrounds our galaxy. The galaxy is shown edge on in the center of the picture. 
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dio astronomy offers the possibility of 
sampling the material content of the uni
verse in very remote space and thereby 
testing cosmological theories. 

H ow has this possibility come about? 
To see how Jansky's discovery has 

become a tool for exploring the universe 
we must briefly examine the nature of 
the technique and the significant devel
opments that stimulated interest in it. At 
first, radio astronomers could find only 
diffuse regions of radio emission in the 
sky. The basic problem of radio astrono
my is that radio waves are so much long-

er than light waves. To equal the resolv
ing power of the human eye would re
quire a radio telescope about 10 miles 
wide. A second major problem is the 
weakness of the celestial radio signals as 
we receive them on the earth: the faint
est now detected have only a hundred
millionth of the power of a television 
signal. There is a limit to the sensitivity 
that can be achieved in a receiver. 

The cure for both problems, of course, 
is larger antennas. Increasing the size of 
the antenna improves resolution and col
lects more radio energy from the source, 
just as a larger mirror in an optical tele-

scope collects more light from a star. The 
wartime radar "dishes" first used gave 
way to larger and larger bowls and then 
to arrays of linked antennas spread over 
acres of countryside. As antennas grew 
in size, radio ash'onomers were able to 
narrow down the radio sources to smaller 
and smaller regions. 

It was less than ten years ago that the 
first so-cailed "radio stars" were discov
ered. They were located as narrow cen
ters of radio emission-almost "point" 
sources of radio energy. Quite evidently 
these objects were not ordinary stars: 
none corresponded to a visible star, but a 

RADIO SOURCES located by the University of Cambridge survey 

are shown in this sky map. The map is. drawn on galactic coordi· 

nates; i.e., the North Pole of the galaxy is at the top, and the plane 

of the Milky Way is the equator. Open circles mark sources of 
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few coincided with nebulae of peculiar 
characteristics. One of the first objects 
pinpointed as a radio star was the well
known Crab Nebula, an expanding 
gaseous cloud in our galaxy which repre
sents the remains of a supernova whose 
explosion was recorded by Chinese as
tronomers in the year 1054. 

The finding of radio stars naturally 
stimulated eHorts all over the world to 
erect radio telescopes of higher resolving 
power. Their development has taken 
two main lines. The first followed the 
lead of optical astronomy in building big
ger and bigger instruments of the reflec-

tor type-taking the form in the radio 
case of a huge paraboloid bowl. This ap
proach is illustrated by the 50-foot dish 
at the Naval Research Laboratory in 
Washington, the 75-foot one recently 
completed in the Netherlands, and final
ly the 250-foot giant soon to be put in 
operation at the University of Manches
ter in England. The paraboloid type of 
antenna has many advantages, especially 
maneuverability in scanning the sky. For 
the study of radio stars, however, it is 
necessary to tune into the longer radio 
wavelengths, where the stars' emission is 
strongest. To obtain sufficiently fine reso-

large diameter; the intensity of the other sources is indicated by the size of the hlack dots. 

The vacant space at the right is the portion of the sky that cannot be seen from Cambridge. 

NOW! 
Low-Cost Backing Material 

Cuts Upholstery and 
Backing Costs 

AIlFab is a revolutionary fabric of cardable 

fibers like wool, rayon, cotton, dynel, nylon 

and dacron combined with a resin binder. 

This thermoplastic binder has two big ad

vantages: (1) AIlFab will hold and give di· 

mension to any embossed pattern, and (2) 

it is possible to electronic "stitch" or heat 

seal, eliminating sewing. 

Result: A felt·like fabric with a tremendous 

range of fiber combinations, using selec· 

tions of diameters, lengths and gravities to 

meet your own specifications. 

Find out about this brand new all purpose, 

non·woven fabric NOW. Put its special 

properties to use as a low· cost filler and 

backing material. Call sales office nearest 

you, or send coupon below to: The Felters 

Co., 242 South St., Boston 11, Mass. 

Properties 
Can use almost any cardable fiber or 
combination 
Vary resin content from 15-45% 
Thickness from 111," to 1", specialties to 2" 
Weight from 4 oz. to 16 oz. and up 
Width from 16" to 80" but 72" preferred 
Color within mix limits, natural shades 

Another Fabric Fir$t in , , , 

'-�1!!��mH� 
I Send for FREE Sample I 
I and descriptive bulletin I 

!I I Name........................................... I 
I (Please Print) I 
I Company........................................ I 
I Sireel........................ ............. . ..... I I City ........................ Zone .... State........ I L ______________ � 
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... Electrical 
• . .  Mechanical 

CHALLENGING OPPORTUNITIES 
To men with a degree and 

an interest in 

GYRO 
ASSEMBLY 
and TEST 

Engineers who have a personal interest in 
precision mechanisms, where a high degree 
of accuracy is required ... men with pride 
in the precision of the product they help 
build. 

You will constantly be doing development 
work and testing ih one of the most versa
tile Laboratories in the country ... working 
with the top men in the field and with the 
finest test, research and development facili
ties. We are in the process of a Major, Per
manent, Expansion Program. New plant 
facilities being added in suburban Milwau
kee area. 

To aid you in your professional advance
ment AC will provide financial assistance 
toward your Master's degree. A Graduate 
Program is available evenings at the Uni
versity of Wisconsin, Milwaukee. 

GM's Electronics Division aggressive posi
tion in the field of manufacture and GM's 
long-standing policy of decentralization 
creates individual opportunity and recog
nition for each Engineer hired. 

Recent EE,ME 
Graduate Inquiries 

Also Invited 
• 

Milwaukee offers ideal family living in a 
progressixe I)eighborly community in cool, 
southern Wisconsin where swimming, boat
ing, big league baseball and every shopping 
and cultural advantage is yours for the 
taking. 

To arrange personal, confidential interview 
in your locality send full facts about your
self today to 

• 
Mr. John f_ HeRinger 

Supervisor of Salaried Personnel 
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STRONGEST RADIO SOURCE, located in Cassiopeia, has been identified with the faint 

nebulosities, apparently Lhin wisps of interstellar malter, shown in this 200·inch photograph. 

lution at these wavelengths any feasible 
dish is too small: larger antennas are 
needed. Most of the radio star observa
tions so far have been made with extend
ed antenna systems based on the inter
ferometer principle. 

The Simplest of these systems uses two 
dishes stationed a considerable distance 
apart. Where a single dish, scanning the 
sky, records the aggregate radiation from 
a region, the two-dish system picks out 
radio stars from the background [see 
charts on page 217]. With a device 
called phase switching, the background 

radiation can be wiped out so that the 
receiver records only the "point" sources. 
By increasing the sensitivity of the re
ceiver, weaker radio stars can be brought 
into the picture, as the last chart in this 
group shows. In this case the "images" 
overlap, however, and fainter sources 
can be detected only by improving the 
resolution. One way of doing this is to 
use two narrow antennas oriented in dif
ferent directions, one receiving a pattern 
in the north-south plane and the other 
in the east -west; it is thereby possible to 
resolve sources at the pOint where the 

EXTRAGALACTIC SOURCE of high intensity is identified with this peculiar object: an 

otherwise typical elliptical galaxy distinguished by the curious bright jet near its nucleus_ 

.... 
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G u 

THE CERAMIC 

THAT SEES, 

HEARS 
REMEMBERS 

New applications for the Barium Titanate Ceramic, pioneered and perfected by 

Gulton Industries, are now making possible such diverse contributions to human. and 

scientific progress as a cathode ray tube that portrays a visual pattern of sound, 

a catheter microphone that listens in the inner regions of the human heart, 

a computer memory no larger than a postage stamp. 

Barium Titanate development is only one of many outstanding technical 

advances that constantly stimulate the imagination of the integrated team at 

Gulton Industries . . . a dynamic group of forward looking scientists and 

engineers whose work will materially influence and improve your life. 

For more information about the diversified activities of Gulton Industries, 

write to Department 10. 

Visit the Gulton Industries' Exhibit at Booth #1426, 11th Annual Instruments

Automation Exhibit, New York Coliseum, September 17-21. 

LT o N 
N D U 5 T R E 5 N C 

DIVISIONS 
Vibro·Ceramics Division 
Thermistor Division 
Engineered Magnetics Division 

METUCHEN. NEW JERSEY 
. SUBSIDIARY 

Glenco Corporation 

ASSOCIATES 
Greibach Instruments Corporation 
Alleghany Instrument Company, Inc. 

IN CANADA 
Titania Electric Corporation of Canada, Ltd., 

Gananoque, Ontario 

PLANTS IN METUCHEN, N. J.; NEW ROCHELLE, N. Y.: CULVER C ITY. CAL.: CUMBERLAND, MD. 
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reception patterns coincide. B. Y. Mills 
in Australia has recently completed a 
large system of a similar type in which 
the two narrow antennas cross each 
other (the "Mills cross"). This system 
corresponds to a single dish of high re
solving power [see diagrams at bottom 
of page 212]. 

By 1950 our group at the University 
of Cambridge had located 50 radio 

stars in the northern hemisphere of the 
sky, and workers in Australia had found 
a similar number in the southern hemi
sphere. Of all these objects, only a few 
could be identified with luminous bodies. 
One was the Crab Nebula; another was 
the galaxy known as M 87, which has 
an unusual bright "jet" near its nucleus. 
The light from both the Crab Nebula 
and M 87 has been found to be strongly 
polarized, which may be a clue to the 
origin of the radio emission. It seems 
probable that the radio energy and 
part of the light from these two sources 
is generated by the motion of high-

energy electrons in a magnetic field. 
The immediate question was: Where 

did the unidentified radio stars lie in 
space? Were most of them within our 
own galaxy, or did many of them, like 
M 87, represent objects outside our gal
axy? For information on this question 
our group made a special study of the 
two strongest radio stars so far located
one in the constellation of Cassiopeia 
and the other in Cygnus. It soon became 
clear that to pinpoint the sources with 
sufficient accura"cy to identify them with 
any visible object would require higher 
resolving power than we had available. 
A new radio telescope of the interfer
ometer type was therefore built for the 
special purpose of identifying these two 
sources. During the spring of 1951 F. C. 
Smith succeeded in narrowing down the 
positions of both radio stars to small 
areas about one hundredth the size of 
the earlier locations. 

Walter Baade then photographed 
the positions with the 200-inch telescope 
on Palomar Mountain. The Cassiopeia 

source turned out to be a gaseous nebu
losity in our own galaxy, perhaps the re
mains of a supernova. But the source in 
Cygnus was identified with a faint nebu
la whose red-shift showed it to be about 
300 million light-years from us-far out
side our galaxy. The radio emission of 
this object was calculated to be about 
equal in energy to its light emission. Fur
ther study, as described in Minkowski's 
article, revealed that the object, named 
Cygnus A, was actually a pair of col
liding galaxies. 

The discovery was at once recognized 
to be of profound importance for cosmo
logical research. Not only did it open 
the prospect of extending our view be
yond the reach of the 200-inch telescope 
but it promised specific information of a 
kind that could never be obtained by op
tical means, however large the telescope. 
Extragalactic radio sources as intense as 
Cygnus A must be extremely rare: it is 
so much "brighter" than any other de
tected radio star (except for identified 
objects in our galaxy) that there cannot 

RADIO INTERFEROMETER at University of Cambridge employs 

a battery of four cylindrical parabolic antennas, three of which can 

be seen in this photograph. The antennas are oriented east to west 

and may be rotated about their longitudinal axes, making it possi· 

ble to sweep the entire sky as the earth rotates. The map of radio 

sources shown on pages 206 and 207 was made with this instrument. 
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MICROWAVE 
AIRLIFT . . •  

Transportable Packages Grow 
into Miles of Communications in 2 Hours 

A microwave station that can be transported to a site 

by helicopter and then put into operation in as little 

as two hours has been developed by Motorola for the 

U.S. Air Force. The equipment was designed to satisfy 

Air Force requirements [or high information handling 

capacity, transportability, and quick installation. 

Positions open jor Engineers and Physicists . 

• ��T!N��T!��S'� 
National Defense Department 

Microwave System capabilities in ... 
clude the transmission of voice com .. 
munications (up to 72 two-way chan .. 
nels), radar data and radar control 
1unctions. 

2710 N. Clybourn Ave., Chicago, III . •  Laboratories: Phoenix, Arizona and Riverside, California 
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RECEPTION PATTERNS of a single·antenna telescope and an interferometer are con· 

trasted. The lat'ge single lobe at left indicates the wide angle of resolution of the single an· 

tenna. The interferometer pattern, represented by mnltiple lobes, achieves finer resolution. 

CAMBRIDGE INTERFEROMETER, shown in photograph on page 210, is diagrammed 

here. The circuit indicated by red lines sets up a high.resolution reception pattern (left). 
The circuit indicated by the black lines produces a pattern with lower resolution (right). 

ORIENTATION OF ANTENNAS at right angles increases the resolution of radio inter

ferometers. Australian "Mills cross" is diagrammed at left; another Cambridge installation, 

at right. The two systems register only SOUrces that are picked up by both of their antennas. 
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be more than one such source in every 
100 million normal galaxies. Objects of 
this kind should therefore be detectable 
even at very great distances. If a way is 
found to recognize colliding galaxies and 
to determine what fraction of the radio 
stars are of this type, it should become 
possible, by statistical analysiS, to make 
direct deductions about the most distant 
parts of the universe. 

With the object of detecting more ra
dio stars to increase the number for 
analysis, and of obtaining more accurate 
positions, a new, considerably larger 
telescope was constructed at Cambridge 
in 1952. It is a double interferometer 
consisting of four aerials each 320 feet 
long [see middle diagmm at left]. The 
aerials can be tilted, and with the earth's 
rotation they can survey the whole sky 
at Cambridge. 

A comprehensive survey with this in-
strument, completed early in 1955, 

located 1,936 radio stars [see pages 206-
207]. The first question to be deter
mined, of course, is whether they lie in 
our own galaxy or outside it. Thirty of 
them give indications of being part of 
our system: their diameter is compara
tively large; they tend to be concentrated 
near the plane of the Milky Way, and 
several have been identified with gase
ous nebulosities within the galaxy. 

The remaining 1,906 are "point" 
sources, distributed uniformly across the 
sky. Very few of them can be identified 
with visible objects, and these give us 
no enlightenment on the population as a 
whole. Two are near supernovae in our 
system (discovered respectively by Ty
cho Brahe in 1572 and by Johannes Kep
ler in 1604); but, on the other hand, 
some coincide with extragalactic objects, 
including one in the Perseus cluster 
which has been identified as a collision 
between galaxies. 

Even intensive inspection of photo
graphic plates, then, fails to answer the 
question whether most of the radio stars 
are members of our galaxy or outside it. 
Their unifot:m distribution across the sky 
might suggest that they are extragalac
tic, because galaxies are distributed uni
formly over the whole sky while our own 
system is concentrated near the circle of 
the Milky Way. But it is conceivable that 
we are surrounded by radio-emitting ob
jects within our galaxy-a class of objects 
which we cannot see and whose ex
istence we have not hitherto suspected. 
Since we do not know what the intrinsic 
intensity of these radio sources is, we 
cannot tell how far away they are
whether close to us or outside the galaxy. 

We undertook to attack the problem 
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TORTURE TESTS like these for Syncroverter Switches are typical of Bristol's continuing drive for product quality. 

100 billion operations and they're still going strong! 
Syncroverter Choppers have run 
almost six years continuously 
at 400 and 600 cycles per second 
That's the laboratory shelf-test record of a 

group of Bristol's® Syncroverter® Switches that 
are being run at no load as a test for actual me
ch,mical wear out. They are still operating after 
almost six years. 

These Syncroverter Switches are predecessors 
of those being used in aircraft fire control sys
tems, guided missiles, electronic instruments, 
ground control equipment, and many other elec
tronic systems. 

Long life is a feature of the miniature Syncro
verter Chopper and High-Speed Polar Relay. 
They are unaffected during severe shock and vi
bration and are available with the typical operat
ing characteristics shown in the tables at right. 
They meet a wide variety of requirements. Write 
for further information on these precision com
ponents. Or we'll be glad to discuss specific 
application problems with you. The Bristol Com
pany, 133 Bristol Road, Waterbury 20, Conn. 

TYPICAL CHARACTERISTICS 
Bristol', Syncroverter Switch 

(covered by patents) 

Driving frequency range: 0-2000 cps 
(400 cps used for these 

characteristics) 
Coil voltage: 6.3V sine, square, pulse 

Coil current: 
Coil resistance: 

*Phase lag: 
:;:Dissymmetry: 

Temperature: 
*Switching time: 

Operating position: 
Mounting: 

wave 
55 milliamperes 
85 ohms 
550 ± 100 
less thon 4% 
-55°C to 100°C 
150 ± 5° 
Any 
Flange or plug - in - fits 
7 -pin miniature socket 

*These charaderistics bosed on sine-wove excitation 

Bristol's Syncroverter High-Speed Relay 
(covered by patents) 

Temperature range: -55°C to 100°C 
Operating shock: 30G; 11 milliseconds du-

ration 
Vibration: 10-55 cps (see below 

mounting): lOG 
Contact ratings: Up to 35V I 45 microam-

peres 
Stray contact capacitance: less than 15 mmf. 
Pull-in time As low as 200 micro-

(including bounce): seconds 
Drop-out time: 300 microseconds 
Life: Over a billion opera-

tions under dry-circuit 
conditions. 

Mounting: Octal tube socket; others 
available, including 
types for vibration to 
2000 cps 

BRISTOL TRAIL-BLAZERS 
IN PROCESS AUTOMATION 

AUTOMATIC CONTROLS · RECORDERS · TELEMETERS · SOCKET SCREWS · 

CHOPPERS AND HIGH-SPEED RELAYS · AIRCRAFT PRESSURE-OPERATED DEVICES 

6.47 
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After more than a year of operation covering over 42,000 nautical miles, the U.S.S. Noutilus is still operating on its original charge of 

WESTINGHOUSE ATOMIC 
OVER 42,000 MILES 

No other ship has ever approached the perform
ance of the first atomic submarine, Nautilus. 

The reactor that drives the Nautilus was built by 
Westinghouse for the Atomic Energy Commission. 
Its performance has opened a great new era in ship 
propulsion. Westinghouse is now building reactors for 
additional submarines and developing atomic power 
plants for large surface vessels. These reactors will 

power the world's first atomic fieet for your new Navy. 
Westinghouse is building the first full-scale atomic 

reactor to produce electric power for public use . . • 

for the Atomic Energy Commission and Duquesne 
Light Company, at Shippingport, near Pittsburgh, 
Pennsylvania. We are developing an entirely different 
type of reactor to produce power for the Pennsylvania 
Power & Light Company. A third reactor for atomic-
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atomic fuel. The atomic reactor which powers the Nautilus was built by Westinghouse for the Navy and the Atomic Energy Commission. 

REACTOR DRIVES NAUTILUS 
WITHOUT REFUELING 

electric power generation is being designed for the 
Yankee Atomic Electric Company-a group of New 
England utilities. Our own atomic reactor, for test 
purposes, is under construction. 

For more than seventy years, the products of 

Westinghouse research and engineering have been 
making a great many things better in America's 
homes and industries. Those things will multiply as 
we move forward in the atomic era. You can be sure 
. . . if it's Westinghouse. 

WATOH WESTINGHOUSE. .. f"irst in atomiC power! 
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From deadly sea \\bird" to underwater \\nest" 

.AMF has experience you can use 

Research, Development, 

Production in Ihese fields I 

• Armament 

• Ballistics 

• Rodar Antennae 

• Guided Missile 
Support Equipment 

• Auxiliary Power Supplies 

• Designing and producing ultra-modern ship-borne weapons, or building less spectacular 

but highly important underwater mines, AMF is engaged in hundreds of such complex tasks 

every day • The highly specialized yet widely diversified activities of some 35 engineering 

and production facilities provide AMF with a wealth of experience that covers nearly every 

field of industry. And it is immediately available to you • Call upon AMF with your problem. 

See for yourself why this all-around experience in answering the needs of government and 

industry alike has made AMF the "can do" company. 

DEFENSE 
PRODUCTS AMERICAN MACHINE & FOUNDRY COMPANY 

• 

• Control Systems _________ = 

Defense Products Group � 1101 North Royal Street, Alexandria, Va. . _ 
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in another way: an analysis to determine 
whether the density of distribution of 
the radio stars changes with distance 
from us. The basis of this analysis is the 
law that the intensity of a source of 
radiation (light or radio) decreases as 
the square of the distance. As a conse
quence of the law, it is possible to calcu
late how many stars within a spherical 
region will have more than a given 
brightness, if the stars are uniformly dis
tributed through it. For example, if we 
count a certain number of stars of one 
brightness, we should find that the num-
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ber of stars with at least one quarter of 
that brightness is eight times as great. 
But the ratio will vary from this if ( 1) 
the average density of the sources 
changes with distance from us, or (2) 
the average power of the sources 
changes with distance. 

When this method of analysis was ap
plied to the 1,906 radio stars, it was 
found that there were too many weak 
sources in relation to the intense ones. 
This result implied that one or the 
other of the nonuniform alternatives was 
true: that is, either the density of sources 

TIM!;. 

TIME 

TIME 

TIME 

AMPLITUDE CURVES produced by various radio telescope systems are diagrammed here. 

In the curve at the top, recorded by a single antenna, it is difficult to distinguish the radio 

stars from the smooth variation in amplitude across the Milky Way. The second curve, reo 

corded by an interferometer, registers the existence of two discrete sources, along with the 

variation in background. In the third curve, the background variation is suppressed and only 

the discrete sources are recorded; this is achieved by "phase·switching." With higher sensi. 

tivity, a phase·switching interferometer will produce the curve at bottom, which shows not 

only the strong sources but also numerous weak sources, so close together that they overlap. 

INDOX1 ... 

THE 
CERAMIC 

PERMANENT 
MAGNET 
• • .  That Opens New 
Fields for Product Design 

INVESTIGATE THESE 
CHARACTERISTICS 

• Higher coercive force thaa 
any other commercial, perma
nent magnet material • 

• Negligible hysteresis and 
eddy-current losses in mag
netic circuits having an alter
nating-current component. 

• High electrical resistivity. 

• No critical materials are 
required. 

• Lightweight. 

• Magnetization practical 
prior to assembly. 

Let our forty-seven years of 
accumulated permanent 
magnet experience help 
you to utilize this new 
magnet in your products. 
Write to Dept. J-9 for 
complete details. 

NDIANA 
PERMANENT 

MAGNETS 
The INDIANA STEEL PRODUCTS CO. 

VALPARAISO, INDIANA 
World'. largest Manufacturer of Permanent Magnets 
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* No·6 In A Series Devoted To 
: Practical Aspects of Automation 

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

15,000 Bits 

Equal 

1 Piece 

Doing applied research these days fre
quently suffers from a glut of loosely 
related data. Bits and fragments of infor· 
mation must be gathered, joined, and 
compared before the research man can 
draw conclusions-sound or otherwise. 

But altogether too often, physical events 
described in terms of Aow, pressure, tern· 
perature, viscosity, rpm, and strain, take 
place in a yery short time. The necessary 
plethora of data cannot be accumulated 
by manual or mechanical recording. 

With the adyent of the tape recorder, reo 
I searchers are able to record quantities of 

data at high speeds. Heretofore, taking 
data off tape has not been so fast. Charts 
and graphs were plotted, read, and the 
results translated into digital form. The 
inherent inaccuracy and awkwardness of 
this process consumed time and fre· 
quently temper as well. 

. 

Recently a leading airframe manufacturer 
who faced one instance of this problem, 
logging the static and dynamic behavior 
of an airplane in a wind tunnel under a 
\"ariety of conditions, asked Berkeley's 
Systems Engineering Department for an 
answer. 

Happily, Berkeley developed a system for 
him which records digitally, 15,000 bits 
of information per second, presents it in 
digital form for transcription by multiple 
electric typewriters, direct processing by 
digital computers, or direct in·line read· 
out presentation. O"erall accuracy ± 0.1 
percent. 

What does this mean to you? If you are 
an engineer or scientist building anything 
from a dam to an airplane-if you must 
assimilate masses of data before you can 
take the next step -Berkeley's systems 
engineers may be able to help you. They 
are specialists in information theory. Why 
not drop us a line and state your case '? 
We'll answer your letter promptly and in
clude a new summary 0/ systems and data 
handling problems we've solved. Address 
Dept. 09. 

� 
Berkeley BECKMAN INSTRUMENTS INC. 
�ICHMOND 3, CALIF . •  LANDSCAPE 6-7730 
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EFFECT OF RED·SHIFT on light waves and radio waves is contrasted in these two charts. 

The solid curve in chart at top shows the distribution of energy across the optical spectrum, 

from blue to red, in the light from a nearby star. The broken line in that chart shows how 

the red·shift of a distaut galaxy may cut off reception of light in the blue region to which 

photographic plates are most sensitive. The chart below similarly shows the distribution of 

energy in the spectrum of radio waves received from a nearby and a distant source. Though 

the radio spectrum is shifted, the reduction in the intensity of the radio energy received 

is slight. Tbe Cambridge radio·somce smvey was made at a wavelength of 3.7 meters. 

or the average power emitted increases 
with distance. Careful checks of both 
the data and the interpretation, includ
ing an analysis by an independent meth-

. od, confirmed this conclusion. 
Now the result may be interpreted in 

either of two ways. We may suppose that 
the radio stars are within the galaxy but 
we happen to lie in a region where their 
density is abnormally low, so that the 
density rises with distance from us. But 
then it is very difficult to explain why 
the radio stars are distributed symmetri
cally over the whole sky, for the supposi-

tion of a variation in density implies that 
these objects are not spread uniformly 
over the galaxy. Moreover, the aggregate 
amount of radiation from these radio 
stars is so large that they could not be a 
small eddy: they would have to occupy 
a considerable part of the galaxy. 

If, on the other hand, we suppose that 
most of the radio stars are outside our 
galaxy, we can see a consistent and 
reasonable picture. Calculations of the 
aggregate amount of radiation from the 
radio stars led our group to conclude that 
the region containing the detected radio 
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AMF MANIPULATORS 
produced in quantity for quality and low cost 

AMF ATOMICS - the nation's leading 
designer and producer of radio-active 
materials handling equipment-produces 
a complete line of Model 8 Master-Slave 
Manipulators, uniformly fashioned to the 
highest possible precision standards_ 

Unexcelled for dexterity and all-around Immediate Delivery-All Models 

Quantity production made possible by 
the large demand for AMF Manipulators 
assures uniform quality and parts inter
changeability difficult to achieve on a 
"custom made" basis_ And the variety of 
interchangeable parts produced allows 
assembly to individual needs_ (See chart.) 

reliability, the AMF Manipulator, Ar-
gonne Model 8, can be equipped with a 
variety of special-purpose slave ends to 
perforJ? the most specialized of hot cell 
operations. It has an extremely delicate 
touch, yet can handle weights up to 30 lbs. 
and more. And it can be easily transferred 
from one thru-wall position to another, to 
provide maximum usefulness_ 

For manipulators, or radio-active mate-
rials handling equipment of any kind, get 
in touch with AMF ATOMICS today. 

With Right or Left Hand Grip 
Model 
Number A B C 0 
3666 523,4 553,4 36 24 
3672 523,4 553,4 36 30 
3678 523,4 553/4 36 36 
3684 523,4 553/4 36 42 
3688 523/4 553,4 36 46 
3690 523,4 553,4 36 48 
3966 553,4 583,4 39 24 
3972 553,4 583,4 39 30 
3978 553/4 583,4 39 36 
3984 553,4 583/4 39 42 
3988 553/4 583,4 39 46 
3990 553,4 583,4 39 48 

• Radiation Process Equipment • Power and Research Reactors • Reactor Control Systems • Radio-active Materials Handling Equipment 

Be sure to see the 
AMF ATOMICS EXHIBIT 

Booth 407-9 
If you plan to attend the 
ATOMIC TRADE FAIR 

Navy Pier' Chicago' Sept. 24-28 

-�-
ATOMICS 

AMF ATOMICS Inc. 
AMF Building. 261 Madison Ave . •  New York 16, N. Y. 
Subsidiary of AMERICAN MACHINE & FOUNDRY COMPANY 
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Wh e n  t ro u b l e  
i s  p ra cti c a l ly 

n o  t ro u b l e  
In the process industries and among 

users of automatic machinery, trouble's 
minimized when i t ' s  caught e a r l y .  
That's the function o f  the Panalarm 
Annunciator System. 

Panalarm Annunciators are coordi
nated, multiple-signal systems that in
stantly alert operators to off - normal 
process conditions for immediate cor
rective action. This is particularly valu
able when one off-normal condition will 
cause a "chain reaction" of off-normals 
with accompanying dange r ,  expense 
or inefficiency. 

One typical adaptation of the basic 
Panalarm system sounds a horn and 
indicates visually the first off-normal, 
separating it from subsequent alarms. 

Being modular, Panalarm Annuncia
tor Systems are easily modified to meet 
future needs. A wide range of types are 
available to meet your specific require
ments. A Panellit sales engineer will be 
happy to make a survey of your require
ments to determine whether a Panalarm 
system can help increase efficiency and 
safety in your operation. 

D i v i s i o n  of 
PAN E L L I T ,  I N C. 

7497 N .  H a m l i n Ave., Skokie, I l l inois 
Pa n e l l i t  of Canada ltd.,  Toronto 14 

Engineerecl Information Systems for Inclustry 

� .' � j�:t�� . ,· 1] -c:- ' ' !":  ., '" 
a .. it< ,. rr' I · " " . 

' 
Panalog 

Gra p h i c  Panels,  I nformation I nstrument 
Contro l C enters Systems Services D i vision 
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stars must extend out to at least 500 mil
lion light-years, and that a large fraction 
of the stars are extragalactic sources of 
great power-comparable to that of 
Cygnus A. The apparent increase in 
density of the sources with distance may 
then be accounted for as an effect asso
ciated with the large red-shifts of the 
distant sources. Further, it becomes pos
sible to explain why no visible objects 
appear at the positions of most of the 
radio stars : if these stars are colliding 
galaxies, only a few dozens of them lie 
within reach of the 200-inch telescope ; 
the rest are beyond the visible range. 

The Cambridge conclusion about the 
distribution of radio stars in space far 
beyond our galaxy has been questioned 
by workers in Australia. A survey with 
the Mills-cross radio telescope has 
failed to show a marked excess of faint 
sources such as was found by the Cam
bridge group. The Australian survey, 
however, has not yet covered a large 
area of the sky, and it does indicate that 
radio stars are not distributed uniformly 
with distance. At Ohio State University 
observations with a pencil-beam radi� 
telescope by the radio astronomer J olm 

• 
• • • 

.' 

D. Kraus have confirmed the excess oE' 

faint sources. The question may be set
tled conclusively within the near future 
by completion of the Australian survey 
and of a new survey, using higher re
solving power, which is now under way 
at Cambridge. 

If these surveys verify that the density 
of radio sources in space does indeed in
crease with distance, they should help 
to make possible a decision between the 
evolutionary and steady-state theories of 
the universe. If most of the radio stars 
are in fact collisions between galaxies, 
such encounters apparently are con
Siderably more frequent in distant space 
(perhaps billions of light-years away) 
than near us. This disparity would argue 
against the steady-state hypothesis that 
the density of matter in space remains 
constant. The radio signals we are now 
receiving from distant collisions started 
on their way billions of years ago. If the 
evolutionary theory is correct, the uni
verse should have been denser then, and 
encounters between galaxies more like
ly. Thus our present conclusions from 
the radio work at Cambridge support the 
evolutionary view. 

• 
• • • 

• • • • • • 
• • • • 

• • • • • • 
• • • • • •

• • 

• 
• •

• • • 
• • °0 .

0 • •
• • 

• • 
• • • • • • 

• • 
• • •

• 
• • 
• • 

• • • • 
• • • • • 

• • • • • • 
• • • • 

• • • 
• 

• 

• 

• • • • 
• • • • • • • 

• 

• 

• 

• 

• • 
• • 

• • 

• 

• 

• 

• 

• 

. � .  • • 
• • • • • • • • • • • • • • 

• • • • • 
• • 

• • • • • • • • 

• 
• 

• 

• • 

• • 

• 
• • 

• • • • • • 

•
• • • 

• � eo • • 
• 

• 
• • • • • • • 

• • • • • • 

• • • • 

• • 

• 
• 

• 
• 

• 
• 

• • 

• 
• 

• 
• 

• 
• 

• 
• 

• 
• • 

• • • 
• • • 

• 

• 

• 

• • 
• 

• 

• 

• 

• 

• 
X 

• 

• 

• 

• 
• • • • 

• 
• • • • • 

• • • • 
• • • 

• . ' . 

• 
• • 

• • 

• 

• • • • • • • 
• •

• • • 
• • • • • • • 

• • •  • • 
• • • 

• 
• 

• • 
• 

• 
• 

• 
• 

• • 
• • 

• 
• 

• • 
• • 

• • 
• • • • 

• 

• 
• • • 

• •
• • 

• • • • •
•
•

• • 
• 

• 

• 

• 

• 

• 

• 

• 
• 

• 
• 

• 
• 

• 

• 

• 

• 

• 
• 

• 

• 

• 

• • • • • • • • 
• • 

• • • • • 
• • • 

• • • • • 
• • • • • • 

• • • • 
• • • • 

• • • • • • 
• • • • • • • 

• •  • 
• 

• • • • • • 
• • • • 

• • 
• • 

• 
• • • 

• • • • • °0 • 
• • • • • • • 

• • • • • • • • • 
• •

• • • • •
• • 

• 
• 

• • • • • • • • 
• • • • • •

•
• • 

.
. . .. . o . • • • • • • 

• •
•

• °0 • • • • • • • • • • • • 
• •

• • • • • • • • • • • • 
• • • •  • • • • • • 

• • • 

DISTRIBUTION OF RADIO SOURCES in space, as deduced by t he group at Cambridge, 

is diagrammed. The distribution of sources is symmetrical, but from the number of 

sources of different intensit y it appear s  that they must increase in density with distance. 
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P & B answers newest iet bomber re lay need 
puts big performance in tiny package 

Modern supersonic aircraft call for an 
entirely new concept of relay perform
ance and miniaturization. Vital relays 
must have incredible sensitivity . . .  mul
tiplicity of action . . .  unquestioned reli
ability. And they must be smaller than 
ever before ! 

Yet P&B has engineered and produced 
a relay for the world's most spectacular 
jet bomber, now in experimental pro
duction, that meets all these demands. 

Though details of application are re-

stricted, we can tell you this. The new 
P&B unit is really 1 9  individual relays 
in one 6" x 6" x 5" package that actually 
outper/m'ms a previous u n it n i n e  times 
t h e  size ! 

Your relay requirements may not be 
those of a: jet bomber. But whatevet· 
your problem or application, "stand
ard" or special, you can be sure you too 
will find the answer with the relay 
leader . . .  P&B. 

Write for your new Engineering Guide today. 

Hermetica l l y  sealed 6" x 6" x 5" relay 
u n it adds to P&B's  more tha n 20,000 
relay design variations. 

2 2 1 
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Research and 
Deve lopment Eng i neers 

The reference system for Vanguard i s  only 
one of Honeywell's  programs in inertial navi
gation and guidance. Important positions 
are open in this field for men wishing to do 
advanced research and development work 
along analytical and experimental lines, using 
modern equipment that includes up-to-date 
analog and digital computers plus compre
hensive test equipment. If you'd like to join 
the leader in aeronautical controls, call or 
wire collect for an interview. Or send your 
resume to Bruce Wood, 2608 Ridgway Rd." 
Minneapolis 13, Minnesota. 
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HoneY_elI and 
Project Vangllard "PRECISE CONTROL, " in Project Vanguard 

terms, is a difficult problem indeed. 
GUidance and stabilization of the rocket 

vehicle that places the first man -made satel_ 
lite in its orbit m US t be aCCura te beyon d 
precedent. 

To h elp in a chieving this a cc ura cy is 
Honeywell 's job. For the Martin Company, prime Contrac_ 

tor, Honeywell will provide a basic three-axis 
referen ce sYS tem for g U i ding Vangu ard 
through the first two stages of Bight- crucial 
Stages that will place the satellite in its orbital 

Position. 
Honeywell 's famo us HIG-6, the mOSt ac

Curate gyroscope eVer made, will be the heart 
of the Vanguard reference syStem. Three of 
these gyros, plus the necessary sYStem eq uip_ 

ment, will be packaged for mO unting in the 
giant roCket vehicle. The s uper-accurate HIGs, sensitive to the 

slightest motions of pitch, roll or yaw, will 
detect- and correct_ any devia tion from 
course. 

Honeywell 's HIG gyros have been proved 
thousands of times in a variety of guidance 
and Control applications. The HIG now is 
ready for its biggest job- Project Vanguard. 
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COSMOLOGY AND SCIENCE 

A historical epilogue to this issue. The argulnent: In earlier tilnes the 

search for knowledge ,vas handicapped by presupposed cosmological 

principles. Modern cosmologists must guard against the same tendency 

Since the advent of Einstein's gen
eral theory of relativity the subject 
of cosmology has assumed a much 

more prominent position in the world of 
physical science than it had occupied in 
recent times. It is natural to assume, as 
many do, that this is a result of the de
velopment of our knowledge and our 
means of observation-our ability to ex
amine very distant regions of space with 
powerful telescopes and the growing 
ability of mathematicians to make trust
worthy deductions from the seen to the 
unseen. In the earlier stages of science, 
so it is thought, men had to confine their 
consideration to the parts of the universe 
that were within reach, and so were con
cerned not with the universe as a whole 
but only with the local and the partial. 

Nothing could be further from the 
truth. The fact is that during by far the 
greater part of its history astronomy has 
been nothing but cosmology. Until the 
17th century the one aim of the astrono
mer (apart, of course, from such prac
tical applications as navigation, time 
measurement, astrology and so on) was 
to describe the working of the whole 
system of the universe as he saw it. But 
early in the 17th century two indepen
dent things happened at about the same 
time: the collapse of Aristotelian cos
mology and the birth of the telescope. 
Thenceforward observational astronomy 
advanced step by step and cosmology lay 
dead. Before very long a promise of a 
resurrection of cosmology in a new form 
came with th� conception of universal 
law introduced by Newton's great work. 
But universal law told you nothing about 
the actual structure of the universe. It 
told you how any possible universe 
would operate, and therefore could not 
distinguish between one possible uni
verse and another. 

The distinctive feature of our time, 
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by Herbert Dingle 

underlying the present revival of cos
mology, is that our improved knowledge 
of universal law, together with our ex
tended knowledge of the actual content 
of the celestial spaces and the behavior 
of the bodies in them, have reached a 
point at which they can be brought to
gether into a single scheme. The free
dom allowed by the fonner can be so 
limited by the latter as to give us a first 
approximation to an understanding of 
the whole universe which is capable of 
satisfying both our reason and our ob
servation of the heavens. 

It is the purpose of this article to 
compare the points of view of the an
cient and the modern cosmologies and 
to indicate how the one gave place to 
the other. This is not merely of historical 
interest. It can serve a very practical 
purpose in enabling us to avoid the 
errors that brought the work of our pred
ecessors to grief. 

To appreciate what kind of thinking 
created the cosmology of the Greek 

pioneers, beginning, as it inevitably had 
to in early times, from the natural as
sumption that the earth was the center 
of the universe [see article on page 72], 
we must understand a fundamental 
characteristic of Greek thought-which 
is at variance with the scientific outlook. 
They presupposed certain principles, 
which were assumed to be inviolable 
and were accepted without question. If 
appearances seemed to contradict them, 
then the appearances were deceptive. 
These principles must not be confused 
with what we call rational necessities, 
such as, for instance, the axiom that 
things which are equal to the same thing 
are equal to each other. This cannot 
conceivably be violated within the 
framework of ordinary geometry, be
cause it is inherent in the definition of 

equality, and not an assertion about the 
characteristics of things. But the ancient 
Greek principles (of which those that 
persisted longest were due mainly to 
Aristotle) were assertions about the 
characteristics of things. For example, 
they asserted that the only activity pos
sible to heavenly bodies was perfectly 
uniform and circular movement, and 
that apart from such eternal circulations 
no change of any kind could take place 
in the heavens. If a sunspot or some 
other change appeared to occur on the 
face of the sun, it could be taken only as 
an appearance and must be due to some
thing in the earth's atmosphere passing 
between the observer and the sun. And 
similarly, since the planets appeared not 
to move in circles at uniform speed, the 
apparently erratic movements of each 
planet must be the resultant of a set of 
circular movements. 

The aim of Greek cosmology was to 
arrive at the complex system of inter
locking spheres in motion that made up 
the universe. The individual heavenly 
bodies themselves were merely straws 
from which to determine how the wind 
blew: the wind was the important thing. 
Geometers of genius such as the Greeks 
produced were able to represent the 
observed movements of the planets with 
an accuracy equal to that of their im
perfect observations at any given time, 
but as time went on the discrepancies 

STAR CATALOGUE was compiled by Nic· 

olaus Copernicus. Its first page is shown at 

the right. On it the stars are identified by 

the part of a constellation they occupy. 

Their positions and magnitudes are given 

at the right side of the page. The reproduc· 

tion was made from the original catalogue 

in the Burndy Library in Norwalk, Conn. 
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When can 

adhesives 
help? 

Answers come faster 
with our Custom Service 

Flocking - Natural or synthetic fibres, 
V4 to 1 mm. long, cemented to fabric, 
paper, rubber, plastics, metals, wood, etc. 
to produce the effect of pile, suede, velvet 
or plush. 

Permanent Bonding - Foam or sponge 
bonded to fabric·backed vinyl; then to arm 
rest shell of plastic or metal. 

Desk Top 

Rigid Laminating - L inoleum, cured 
phenolic laminate, melamine laminate, or 
vinyl plastic top'sheeting permanently 
bonded to steel or wooden desks. 

Here you see a few samples of how 
Angier Adhesives are at work to
day. More and more industries 
think of Angier when they want 
to simplify and cut the cost of 
joining and fastening problems. 

For Every Industry 
Latest developments in Adhesives for 

Honeycomb Construction, Vinyl Film Bonding 
Rubber, latex and Resin Cements 

Pressure Sensitive Cements, Flocking Cements, 
laminants and Sealants 

Tie Coats Resin Emulsions 

Write for Free 
Descriptive Brochure 

Division of Interchemical Corporation 
120 Potter Street, Cambridge 42, Mass. 
Midwestern Plant: Huntington, Indiana 

226 

PRE·COPERNICAN UNIVERSE appears in Peter Apian's Cosmographia (1539). The earth 

is in the center. The sun, moon, planets and stars occupy a series of concentric spheres. 

between the geometrical requirements 
and the observed positions of planets in
creased, and so more spheres were in
troduced to annul them. This went on 
throughout the Middle Ages, until by 
the 16th century more than 80 spheres 
were necessary to account for the ob
served movements, and even that num
ber did it very imperfectly. 

Now if astronomy had stood by itself 
as an isolated study, this complexity 
might well have stimulated efforts at re
form earlier than it did. But the other 
spheres of study were so thoroughly in
terwoven with astronomy that it was 
impossible to reform astronomy without 
also reforming physics, chemistry, physi
ology, psychology and theology (to use 
modern terms for subjects not so clearly 
differentiated from one another then as 
now). It could not be done without up
setting the whole scheme of belief. The 
universe was then a universe in a much 
more literal sense than it has ever been 
since. A diagram taken from a text
book of the time makes this very evi
dent: Heaven, where God dwelt with 
the elect, had a location which was as 

much a part of the physical universe as 
the earth and the cosmic spheres. Each 
of the planets had its particular influ
ence on human temperament: thus we 
get our adjectives mercurial, martial, 
jovial, saturnine. A human calamity was 
a dis-aster-against the stars. An un
natural action was ex-orbitant-out of 
orbit. Terrestrial bodies were compound
ed of four elements-earth, water, air 
and fire-each of which tended to seek 
"its own place," and the heavenly bodies 
were composed of a perfect, unchange
able fifth element-a "quintessence"
which had no parallel on the changeable 
earth. And so on. 

Into this closely interwoven scheme it 
was clearly very hazardous to introduce 
any modification of a single part, be
cause of its possible unforeseen effect on 
the whole. Nevertheless, by the 16th cen
tury the cosmic machinery of spheres 
had become so unwieldy that Coper
nicus, a man dominated by the mathe
matician's passion for simple generaliza
tion, ventured to make what seemed to 
him the very slight change of transfer
ring the center of the universe from the 
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THE PRINCIPLE OF ALL RADAR 

is illustrated at right. Radio 
waves, indicated by arrows, 
bombard any objects in their 
path and bounce back, present
ing the object on the scope and 
indicating its range and bearing. 
With his Sperry Marine Radar, 
for example, the master of a ship 
(1) sees on the scope above the 
image of a ship in distress 9 
miles away (2) and in total 
darkness. 

FLYING IS SAFER, and navigation is 
simplified for Air Force planes equipped 
with Sperry APN-59 Radar. For exam
ple, thunderheads and other weather 
disturbances are revealed in advance, so 
course may be altered to avoid storms. 

RADAR: DETERRENT TO 
WAR, PROTECTOR OF LIVES 
Its uses Expand as its Ability to Detect the Unseen Increases 
In a few short years, radar has passed from the experimental stage into a highly 
dependable servant of humanity. It helps to keep the peace-because its use in early 
warning networks reduces the possibility of successful enemy attack, while its use 
in new bombing and missile systems increases the probability of deadly retaliation. 
By pushing darkness and storms aside, it increases safety in transportation, protects 
property and saves lives. 

To provide a thoroughly stable source of power for radar, Sperry developed the 
Klystron Tube. From this, Sperry has gone on to pioneer in every phase of radar 
development, working with every branch of the military, and with industry as well. 

MISSILES FOLLOW COURSES 

GUNFIRE CONTROL SYSTEMS owe much of their precision to 
radar. For example, an important one, this Mortar Locator 
developed by Sperry for the Army, uses radar to track an enemy 
shell, then plots its point of origin to locate an enemy battery. 

established by radar whether 

"18 
launched from air, land or 
shipboard, as in the case of 
these Navy Terriers, radar-

" GYROSCOPE CONPAKY 
I Great Neck, New York 

guided by Sperry. DIVISION OF SPERRY RAND CORPORA TlON 
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earth to the sun. By this device he was 
able to reduce the number of cosmic 
spheres by more than half. 

He made no other change, nor did he 
realize that any other was necessary. He 
clung as firmly as the most orthodox 
medieval philosopher to the machinery 
of spheres and to the Aristotelian prin
ciples of perfect celestial substances and 
uniform circular motions. He thought he 
could simplify without destroying. But 
in fact this one small change shattered 
the whole medieval universe. By the 
time of Calileo, some three quarters of 

a century later, it had become clear that 
there was no need for any spheres at all, 
and the simple change that we would 
now describe as no more than choosing 
a different origin of coordinates had 
generated a conflict of world-views such 
as the world had never before known. 
The cosmic conception of more than 
2,000 years' standing had in fact re
ceived its deathblow. 

Tycho Brahe and Johannes Kepler 
completed the job-the former by ob
serving change in the supposedly immu
table sphere of the stars and the latter 

by showing that the motion of a planet 
could be represented by a simple ellipse. 
Calileo and the invention of the tele
scope gave birth to a new astronomy
and to a new philosophy of science. Soon 
afterward the work of Newton opened 
up the possibility of a kind of cosmology 
not previously conceived. 

The contrast between the old and the 
new attitude can be fittingly introduced 
by the words of Newton himself: "To 
tell us that every Species of Things is 
endow'd with an occult specifick Quality 
by which it acts and produces manifest 

COPERNICAN UNIVERSE was depicted by Thomas Digges in 

1576. The sun is in the center, and the moon travels around the 
earth. Digges added another feature, though he was not aware of 

its importance. The stars are not in a sphere, but extend to infinity. 
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NEW BOOKLET DESCRIBES 

LATEST USES FOR STRAITS TIN 

IN MA�OR INDUSTRIES 

Revie ws Most Re ce nt Product-Improving, Cost-

Reducing Applications. Se nd lor Your Free Copy Now! 

This new booklet contains up-to-the-minute infor

mation about one of our most useful metals

Straits Tin from Malaya. Booklet explains why 

tin's properties make it so important to American 

industry, gives specific examples of new applica

tions solving various manufacturing problems. 

Sixteen pages, fully illustrated, factual and con

cise. Write now for your free copy of "STRAITS 

TIN FROM MALAYA, Its New Importance to 

American Industry." 

r-------------------------l 

BUREAU . 

The Malayan Tin Bureau 
Dept. lSJ, 1028 Connecticut Ave. 
Washington 6, D.C. 

Please send me a free copy of the new booklet, "STRAITS TIN 
FROM MALAYA, Its New Importance to American Industry." 

Name and Position' _____________ _ 
Campany ________________ _ 
Street __________________ _ 
City _________ Zone ___ State ___ _ 

-------------------------� 

Malayan Tin Bureau 
Dept. 15J, 1028 Connecticut Ave., Washington 6, D.C. 
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announcing the nevv 

.J1 e.cti / nJ telL. 

READ WITH 
A RULER • • •  

the exclusive recti( rite trigonometric link

age inscribes the true signal form on 

a standard rectilinear chart. You have 

frontal access for all controls and making 

chart notations . . . ± 1% accuracy over 

full 4Y2-inch scale; sensitivity-O.4S-inch/ 

100 microamperes; pen speed at a quar

ter-second over full 4Y2-inch deflection. 

Use ac or dc drive, spring drive, or 

external drive • • • with 10 optional 

chart speeds. 

For complete information on the modern 

and versatile recti/riler - write for 

Bulletin R-SOI. 

� HOUSTON TECHNICAL �,; LABORATORIES 
3701 BUFFALO SPEEDWAY • P. O. BOX 6027 

HOUSTON 6, nXAS 

instrumentation subsidiary of . 
TEXAS INSTRUMENTS INCORPORATED 6477 
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PRE·GALILEAN ASTRONOMY relied on such nontelescopic instruments as this qnadrant 

reproduced from Tycho Brahe's Astrollomiae lllstauratae M echanica, published in 1598. 

Effects, is to tell us nothing: But to de
rive two or three general Principles of 
Motion from Phaenomena, and after
wards to tell us how the Properties and 
Actions of all corporeal Things follow 
from those manifest Principles, would 
be a very great step in Philosophy, 
though the Causes of those Principles 
were not yet discover'd." What Newton 
referred to as "occult qualities" were 
neatly illustrated by the notions of "grav. 
ity" and "levity" in the old cosmology: 
this body fell downward because it was 
subject to gravity, that body rose up
ward because it was subject to levity. 

The principles were conceived merely 
because thev seemed fitting. Neither 
gra vity nor l�vity had any characteristics 
by which it could be identified except 
the movement it was supposed to ex
plain. They were mere names for the 
phenomena observed, masquerading as 
causes of those phenomena. The whole 
scheme of cosmological principles re
solved itself into a series of tautologies. 
It was logically impeccable but scien
tifically barren-completely unproduc
tive of knowledge. 

The Galilean-Newtonian philosophy, 
on the contrary, brought knowledge in 
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Admiral®'ends a hand 
to the Atomi�. Airp'a". 

Radiation effects 
being studied in 
special laboratory 
The flight date of the first atom-powered airplane 
may well be advanced as the result of a study being 
conducted by Admiral for the U.S. Air Force. The 
problem is to determine the effects of nuclear 
radiation on electronic components. 

All types of electronic components • . .  such as 
tubes, resistors, condensers, capacitors and coils • . .  are first bombarded by neutrons to make them 
radioactive prior to observation and testing. 

Admiral has equipped a special nucleonics lab
oratory to make this study. Test equipment is set 
up within heavily shielded "hot cells" and operated 
by remote controls outside each room. One of the 
"hot cells" contains environmental chambers for 
testing the radioactive components under extreme 
temperature and altitude conditions. The labora
tory also contains shielded underground storage 
facilities and a cobalt 60 source of gamma radiation 
as powerful as some atomic reactors. 

Working with radioactive materisls is not new to 
Admiral. For the past seven years the company 
has been engaged in designing, manufacturing and 
testing radiation measurement equipment. In this 
connection Admiral engineers have contributed 
much to the combined nucleonic-electronic sciences. 

Admiral® 
CORPORATION 

Government Laboratories Division, Chicago 41 

LOOK TO Admiral FOR 

RESEARCH. DEVELOPMENT. PRODUCTION 
IN THE FIELDS OF: 

COMMUNICATIONS UHF AND VHF. MILITARY TELEVISION 
RADAR • RADAR BEACONS AND IFF • RADIAC 

TELEMETERING • DISTANCE MEASURING 
MISSILE GUIDANCE • CODERS AND DECODERS 

CONSTANT DelAY LINES • TEST EQUIPMENT 

Facilit ies Brochure d e s c r ibing 
Admiral plants, equipment and ex
perience sent on request. 

ENGINEERS: The wide scope af work in progress at 
Admiral creates challenging opportunities in the fleld of 
your choice. Write Director of Engineering and Research, 
Admiral Corporation, Chicago 47, Illinois. 
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apparently boundless measure but was 
logically outrageous. From a few phe
nomena, or experiments, it proposed to 
derive principles to be applied universal
ly. Some bodies attract one another; this 
is a body; therefore it attracts every other 
body in the universe. No more patently 
invalid syllogism could be imagined; it 
was an error in Aristotelian logic of 
which even the youngest scholastic child 
could hardly have been capable. 

But it worked. And not only so, but 
similar generalizations later in other 
fields were found to work, and they go 
on working. We have never known heat 
to flow by itself from a colder to a hotter 

body, and we take it that it never has 
nor ever will anywhere in space. The 
brightness of a lamp in our laboratory 
falls off as the square of the distance as 
we walk away from it; hence we infer 
what the brightness of a distant galaxy 
must be. That is science. Its assertions 
about the universe are unlimited gener
alizations from a few momentary ob
servations at a point in space. 

From a purely logical point of view 
scientific cosmology would appear to 
have no justification, to be a gigantic 
impertinence. It is saved from this by a 
frank recognition by scientists of what 
it is and what its limitations are. The 
work of three centuries has shown that 
the scientific approach is on unassailable 
ground when it declares itself to be the 
best prescription yet devised for obtain
ing knowledge of the relations between 
phenomena. Whether or not its generali
zations have any right to be regarded as 
the tnlth, they lead to further knowledge 
-which, so far as we can see, would be 
quite unobtainable otherwise. But they 
do this only on the condition that we 
abandon them the moment we see that 
they cease to hold. They originate in 
phenomena and they are at the mercy 
of phenomena. 

The Aristotelian general principles, on 

OPTICAL SYSTEM OF THE FIRST TELESCOPE, made by Hans Lippersbey and Zacharias 

Jansen, is reproduced from Peter Borelli's De Vero Telescopie [nventore, published in 1655. 
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Your business is in the Age of Electronics 

Electronic test instruments-modern, low 
cost way to precision measurements . . . 
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Hewlett-Packard manufactures over 250 basic electronic 
test instruments for industry, science and the military. Their 
application, in the main, is an engineer's job. Hewlett
Packard engineers are in or near all major manufacturing 
centers. They can quickly evaluate, tell you if -hp
instruments can help. We will welcome a letter outlining 
your problem, telling whom the -hp- engineer should see. 
Illustrated is an -hp- 523B Electronic Counter, one 
of many -hp- counters capable of measurements such 
as those listed above (with suitable transducers). 
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the other hand, were conceived a priori, 
independently of phenomena, and phe
nomena were distorted at liberty so as 
to exemplify them. The problem was to 
"save the phenomena." The basic prin
ciples themselves could not be threat
ened; it was the phenomena that stood 
in need of salvation. 

Contrast with this the point of view 
that caused modern cosmologists to dis
card the Newtonian cosmology for the 
totally different Einsteinian cosmology
on the basis of the tiniest of differences 
between theory and observation. At the 
behest of measurements so fine that only 
in this age have they become possible at 
all, we have thrown over the whole pic
ture of a universe in which bodies are 
pushed along by a conspiracy of alien 
forces and have substituted in its place 
a system of free bodies moving along 
the paths which, so to speak, offer 
them the easiest course. We are pre
pared to revise our principles to fit ob
servation because man's whole experi
ence in seeking knowledge has taught 
us that nature is far more likely to fol
low in the large the laws we observe 
her to follow in the small than to be
have according to our intuitive ideas of 
decorum. 

I n most branches of science this philos-
ophy has been adhered to unswerv

ingly. The activities of experimental 
physicists, chemists and biologists are for 
the most part beyond reproach: we learn 
where we can, generalize from observa
tion and extend the generalizations until 
they are found to fail, when we replace 
them by wider ones. But in cosmology 
this restraint does not always hold. 
Some cosmologists have returned to the 
discredited practice of inventing arbi
trary general principles, with no justifi
cation except that they seem "right," and 
fitting phenomena to the requirements 
of the principles. We have been pre
sented, for example, with a "cosmo
logical principle" which demands that, 
on the large scale though not on the 
small (where it might readily be tested) , 
every part of the universe must be ex
actly the same as any other. This has 
been extended to a "perfect cosmological 
principle" which says that the uniform
ity of the universe must always hold 
true, its general appearance being eter
nally the same. If the scientific procedure 
of generalizing from observation leads 
to anything inconsistent with this, it 
must be wrong. The principles are of 
necessity inviolable, and all phenomena 
must be interpreted in accordance with 
them. There could scarcely be a more 
complete return to a kind of philosophy 
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Man, and particularly his young, asks many questions but none more ancient or more insistent 
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which we once thought had been aban
doned forever. 

Anyone acquainted with the history 
of cosmology can recognize the cosmo
logical principle and the perfect cosmo
logical principle as having precisely the 
same nature as perfectly circular orbits 
and immutable heavens. Indeed, the 
perfect cosmological principle is largely 
identical with the Aristotelian principle 
of unchanging celestial regions. 

We should not confuse the cosmo
logical principle with the valid scientific 
procedure of assuming, for purposes of 
investigation, that the rough approxi
mation to homogeneity which we ob
serve in space as far as we can see it 
extends to the whole of space. That is 
the normal type of scientific generaliza
tion, and it is usually made in relativistic 
cosmology in order to restrict the almost 
limitless field of investigation that would 
be open if all possibilities were taken 
into account. We calculate what it de
mands of the yet unexamined regions 
and hold ourselves ready to discard it if 
they should fail to meet those demands. 
The cosmological principle, however, al
ters observed facts to make them accord 
with its requirements. Observation ap
pears to show that the density of matter 
in the universe is continually decreasing. 
This cannot be so, says the principle: 
unobservable matter must be in process 
of creation out of nothing in just the 
right amount to keep the density con
stant. We have no evidence of such mat
ter. The only reason for supposing its 
creation is that otherwise the perfect cos
mological principle would be violated, 
and the only reason for supposing that 
this cannot happen is that a few mathe
maticians would not like it. It seems an 
insufficient reason. 

Such atavisms notwithstanding, in the 
main the cosmologies of our day are 

founded upon the scientific procedure: 
generalizing from what we know and 
then testing our generalizations by ob
servations on a larger scale. We have 
reached a point at which the theoretical 
generalizations can be compared with a 
sufficiently wide field of observation to 
entitle us to think that we can truly say 
something about the universe as a whole 
-not only about its laws of operation but 
also about the particular arrangement of 
bodies that exhibit those laws. Doubtless 
our present views will be modified and 
enlarged in the future, but they do em
brace a far wider range of knowledge 
than has ever been possible before. What 
that knowledge comes to in the year 
1956 A.D. is well summarized in the se
ries of articles presented here. 
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"Which one will qualify as a missile engineer? 
All-or none-depending on three important points! 
The desire for a real engineering challenge. The 
ability to work with a top team of experts in their 
respective fields. The capacity to take on individual 
responsibility. 

If this sounds like a lot, it's because North Ameri
can Aviation has a lot to offer. With research, devel
opment and manufacturing responsibility for the 
U. S. Air Force SM-64 Navaho Intercontinental Mis
sile, the scope of the art at North American is wide 
and the opportunity to assume a position of authority 

. great. In fact, all phases of this project -research, 
design, development and testing-are being accom
plished by North American engineers. 
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engineering environment? 

First of all- recognition that comes from the 
opportunity for individual effort. You will work 
with engineers who respect your opinions and pro
fessional status. Because missile engineering covers 
so many fields, you can work in the area of your 
choice. You will work on a team of specialists whose 
leadership in their fields will further you in the one 
you choose. You will live in Southern California and 
receive financial compensation limited only by your 
own ability. 

If you have the desire for a real engineering chal
lenge-Investigate Now. 

Contact: Mr. M. Brunetti, Missile Engineering Personnel 

Dept. 91-9 SA, 12214 Lakewood Boulevard, Downey, Calif. 
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• LOCKHEED 

Scientists and engineers are now performing advanced 

research and development in their new Lockheed 

Research Center at Stanford University's Industrial 

Park, Palo Alto, California. In recent ceremonies mark

ing its completion, the Research Center was dedicated 

to scientific progress. 

First step in a $20,000,000 expansion program, it 

provides the most modern facilities for scientific work 

related to missiles and space flight. Significant activities 

DEDICATES NE"W' 

are already being carried on in more than 40 areas, 

including upper-atmosphere problems, nuclear physics, 

hypersonic aerodynamics, use of new and rare mate

rials, propulsion and advanced electronics. 

Lockheed's expansion program, which includes 

recent developments of the utmost importance, has 

created positions on all levels for scientists and engineers 

in virtually every field of missile technology. Inquiries 

are invited from those possessing a high order of ability. 

�� MISSILE SYSTEMS DIVISION research and engineering staff 

LOCKHEED AIRCRAFT CORPORATION VAN NUYS. PALO ALTO • SUNNYVALE' CALIFORNIA 
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RESEARCH CENTER 

Scale model, new Lockheed Research Center 
at Palo Alto, California. 
Here scientists and engineers are now working 
in modern laboratories on a number of highly 
significant projects. 

Why Lockheed chose Palo Alto and 
Sunnyvale for its expansion: 
The Stanford-Palo Alto-Sunnyvale area 
offers scientists and engineers an ideal 
academic and technical environment in a 
growing scientific community. The living 
and climatic conditions are also favorable, 
combining scenic beauty with mild, 
pleasant temperatures. 

Scale model, Engineering and Manufacturing 
Center at Sunnyvale, California. 
Here engineering, manufacturing and 
administrative activities will be performed in 
conjunction with Lockheed's Research Center at 
Palo Alto, only eight miles away. Engineering 
and manufacturing projects are continuing at 
Lockheed Missile Systems Division's 
Van Nuys facilities. 
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G O O D  
B O O K S  

that (1) bring you some of 
g reatest ideas (2) are rewa rding in or 

out of you r  field (3) wi l l  he lp to 

Two significant new books publ ished by the Doubleday 

organization may conceivably influence you to move 

up ( the executive ladder)  or alit ( into space ) .  

A group of men u n ique to the 20th century-spec ies 

executive-has been studied with the acuity of a pre

cision microscope by the editors of Fortulle. In THE 

EXECUTIVE L I F E  ( $ 3 . 5 0 )  you'l l  find what is  perhaps the 

first  real istic appraisal of American management's place 

in society. Trenchant, detai led,  sometimes sardon ic, 

often humorous, this is a book that goes far beneath 

the veneer of the executive suite-from hiring to 

firing to retiring, from the slow sal ary hike to the 

quick nervous breakdown, from how much executives 

think they are worth to what they are really worth . 

Here is an exploration in depth of the men, and their 

ideas, that are shaping an enormous area of American 

l ife. This wil l  be of spec ial  interest to the technical 

management readers of Scientific A merican .  
With man's astonishing progress i n  t h e  exploration o f  
space has come t h e  fi rst authoritative book of o n e  of i t s  

more remarkable aspects. SATELLITE ( $ 3 . 95 ) b y  Erik 

Bergaust and William Beller i s  a complete, informed, 

lucid account of man's first step into his last great fron

tier. Among the topics covered are what sate l l ites are, 

how they work, what may be revealed about near 

planets and the sun, how new atmospheric data may be 

gleaned, space medicine, the I nternational G eophysical 

Year, and how our l ives may be changed because of 

sate l l ites. 

Since the first distingu ished Anchor Book was pub

l ished i n  1 95 3 ,  several m il l ion copies of these wide

ranging, inexpensive paperbacks have been bought by 

discriminating readers. Of particular interest are : T h e  

H u m a n  Use of H u m a n  Beings by Norbert Wiener, 75¢; 

The Metaphysical F o u n d a t i o n s  of M o d e r n  Sc ience by 

Edwin Arthur Burtt, 95¢;  Magic, S c i e n c e  a n d  R e l i g i o n  

by Bronislaw M a l inowski, 95 ¢ ;  Mod e r n  Scie nce and 

Modern Man by J ames B .  Conant,  65'1';  N u m ber, T h e  

L a n g u a g e  of Science by Tobias Dantzig, 9 5 ¢ .  Other 

titles in art, music, h istory, helles lelll'es, drama, soci
ology and polit ics are available at your booksel ler's. 

If you haven't been introduced to the 90 books in  this 

remarkable series, don't wait any longer. 

@ 
Scientists today are painful ly  aware that young minds 

need more stimulation and nurturing i f  tomorrow's

scientists are to develop. One definite aid is to give 

youngsters copies of worthwhile - scientific juvenile 

books.  Some of the best are : the first three titles in a 
marvelous series for every boy and girl  from 1 0  up

The Wonderful  World, The Wonderful  World of Math

ematics and The Wonderful  World of Archaeology 

( $2 . 9 5  each ) ;  I n sects i n  T h e i r  World, ages 9 up, $ 2 . 5 0 ;  

The B o o k  of Reptiles a n d  A m p h i b i p ns, ages 8 up, $2 .50;  

The Story of Power, ages 8 to 1 4 ,  $ 2 ;  The S e a  a n d  Its 

Rivers, ages 12 to 16, $2 .75 ; three bril l iant books i n  a 
vastly informative series-E xploring the Moon, Ex

ploring Mars and Exploring the U n iverse ( $2 each ) .  

The next time you visit  your booksel ler check the 

juvenile  section for books that will give the young 
minds you care about the encouragement they need. 

Visit him soon. 
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by E. U. Condon 

PEACEFUL USES OF ATOMIC ENERGY. 
United Nations (16 volumes; $6.50 
to $10 each). 

This truly monumental work is a 
complete record of the conference 
on peaceful uses of atomic energy 

which was held under the auspices of 
the United Nations in Geneva in August, 
1955. Its 16 volumes cover the discus
sions of the role of nuclear power in the 
world's energy requirements, the phys
ics, chemistry and technology of reac
tors and their materials, biological ef
fects of radiation, the uses of radio
isotopes, and the legal, administrative 
and safety aspects of any large-scale use 
of nuclear energy. 

Clear forecasts of the rapidly expand
ing energy needs of the world were 
presented. Coal, oil and hydroelectric 
power reserves are simply inadequate to 
meet future demands in view of the 
modernization and industrialization of 
Asia and Africa. Therefore nuclear 
power must be used: whatever the cost, 
eventually the price structure for power 
will adjust to it. There was an exchange 
of a great deal of specific scientific and 
technological information about detailed 
problems and proposed solutions in the 
now-developing power industry based 
on uranium and thorium fission. The 
conference provided an excellent forum 
for broadcast of information on applica
tions of radioactive isotopes to every 
phase of physics, chemistry, metallurgy, 
biology, medicine, agriculture and other 
useful arts. 

Besides these gains, a notable advance 
for science on the socio-political front 
was achieved. This was the first time 
since the war that the governments of 
the U. S. and the U.S.S.R. had per
mitted their scientists to sit down face 
to face and carry on normal scientific 
discussions. In this respect it was a wel
come indication of a reversal of the poli
cies of scientific isolationism that have 
dominated the governmental actions of 

BOOKS 
The record of the Geneva conference 
on the peaceful uses of atomic energy 

both countries during the past decade. 
In his remarks opening the conference 

Dag Hammarskjold, secretary-general of 
the UN, said: 

"We have a long road to traverse be
fore nations can hope to eliminate the 
threat of atomic destruction. But we 
cannot hope to travel at all unless we 
begin to take down the barriers to un
derstanding and friendship and begin 
to work together in growing confidence. 
The exchange of scientific and technical 
data which will take place here is only 
a first step, but it is an important and 
indispensable first step. By the willing 
help that the participating governments 
have given in the preparations for this 
conference and by the character and 
quality 6f the contributions that they 
are making to its harvest, there is every 
hope that this first step will prove even 
more valuable than had been antici
pated." 

Fortunately in the year that has 
elapsed since this first step was taken 
there have been signs of further progress 
in removing the barriers to international 
and scientific freedom. 

Many curtains still exist, of course. 
There are large areas of research un
necessarily shrouded in secrecy. A nota
ble omission in the Geneva conference 
was the absence of any discussion of, or 
even reference to, research on control of 
thermonuclear energy at the technical 
sessions of the conference. To my mind 
the controlled use of fusion energy for 
power is by all odds the most important 
technical problem today in the peaceful 
applications of atomic energy. The long
run economic importance of finding a 
solution to this problem lies in the fact 
that uranium and thorium probably will 
suffice to satisfy world power require
ments for only a century or so. But the 
deuterium content of the oceans consti
tutes an energy resource which could 
meet the world's needs for a good many 
centuries. 

Yet the only mention of this subject 
at Geneva was a few brief words by 
Homi J. Bhabha of India in his opening 
address as president of the conference: 

"It is well known that atomic energy 

can be obtained by a fusion process as 
in the H-bomb, and there is no basic sci
entific knowledge in our possession today 
to show that it is impossible for us to 
obtain this energy from the fusion pro
cess in a controlled manner. The techni
cal problems are formidable, but one 
should remember that it is not yet 15 
years since atomic energy was released 
in an atomic pile for the first time by 
Fermi. I venture to predict that a meth
od will be found for liberating fusion 
energy in a controlled manner within 
the next two decades. When that hap
pens, the energy problems of the world 
will truly have been solved forever, for 
the fuel will be as plentiful as the heavy 
hydrogen in the oceans." 

Much of the material in the 16-volume 
proceedings of the conference, valuable 
and important as it is, consists of specific 
detail and presupposes a thorough 
knowledge of the scientific background 
of what is being reported. It is therefore 
not suited for general readers. But Vol
ume 16, which contains the speeches at 
the opening and closing sessions and the 
10 evening lectures by distinguished sci
entists, has broad interest. 

Two of the evening lectures were con
cerned with high-energy accelerators. 
Ernest O. Lawrence of the University 
of California reviewed concisely the pro
gress of thinking on how to overcome 
difficulties imposed by the theory of rela
tivity on the design of machines for get
ting nuclear particles accelerated first to 
the range of hundreds of millions of elec
tron volts, then to billions of electron 
volts, and now up to tens of billions of 
electron volts. In the old days of prewar 
cyclotrons, the increase of particle mass 
with velocity entailed a fairly small cor
rection of the classical theory of me
chanics. But with proton energies of 
hundreds of millions or billions of elec
tron volts, relativistic considerations 
dominate the entire problem. At one 
Bev a proton has double its normal mass; 
at nine Bev, 10 times. 

Lawrence placed emphasis on the im
portance of getting large currents of par
ticles as well as high energy. He gave 
specific details of the new A-48 accele-
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PHILOSOPHICAL 
LIBRARY BOOKS 
o AN E N CYCLO P E D I A  OF THE I RO N  & STEEL 
I N D U STRY by A. K. Osborne. A concise description of the 
materials. plant, tools and processes lIsed in the Iron and 
Steel Industry, and in those industries closely allied to it, 
from the preparation of the ore down to the finished product. 
Defines the technical terms employed. $ 25.00 o COAL MINING by I. C. F. Statl/am. Throughout the 
whole book emphasis has been laid on the practical nature 
of the ,,"ork. $15.00 o TELEVI S I O N  E N GIN E E R I N G .  Principles and 
Practice, by S. W. Amos and D. C. BirkillsllUlc in collobo
ration with J. L. Bliss. A comprchensh'c survey of modern 
telerision principles and practice, on both the transmitting 
and receiving sides. Contents: Fundamentals-Camera Tubes 
-Television Optics-Electron Optics. ilil/strated. $15.00 o A HAN DBOOK OF HAR D  METALS by 11', A. 
Dawihl. An abridged translation of "llandbuch Der Hart
metalle" dealing with scicntific IJrinciples of sintering and 
the technique of production of hard metals. 11l1/strated. $10.00 o E N G I N E E R I N G  I N S P ECTIO N. MEASU REMENT 
A N D  TESTING by H. C. TOllm and R. Oolebourne. Ex
plains the function of the modern factory inspecting depart
ment, and briefly traces the derelopment up to the present 
day of recognized standards and methods of measurement. 
Pro/l/sely illustrated with p/lOtogra])lIs ami diagrams. $8.75 o I N D U CTIO N HEAT I N G  PRACTICE by D. 11'ar
l.mrton-Broum. A comprehensh'e studs of the high-frequency 
induction heating process. by a leading expert, which deals 
particularly with its practical application to industrial prob
lems. Oter 170 i1l1lstratiorls. $10.00 D ATO M I C  E N ERGY by A. Radcliffe alld E. C. Roberson. 
The book tells how the existence of atoms was proved and 
it shows what atoms are reallr like. It also tells what 
haPI)CnS when atoms explode, and how the encrgy released 
in these explosions can be used in bombs or to drh'e trains, 
ships. airplanes and clectric generators. $4.75 o ELECTR ICAL I NTERFERENCE by A. P. Hale. Corers 
thc causes of interference; the effects of interference; re
ceh'er aerial systems; measuremcnt of interference leycl: 
location of sources of interference; avoidance of interfer
ence; basic filters; safety; practical filters; and Faraday 
cages. $4.75 o FACTORY ELECTRIFICATION by F. T, Bartl .. and 
C. fl. Pike. The authors arc both experienccd power engi
neers. . $12.00 o RAI LWAYS THE WORLD OVER by Jan Alia ... At 
last, the average raBfan's pleas for an accurate but attrac
ti�'e introduction to all the mysteries of railways, their OU�IEAeMtANd
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the basic aspects of the art of good seamanship will assist 
all who wish to learn to practice it. $ 3.75 o THE ART OF ARCHITECT U R E  by A. p,. Riclw"d80n 
all(l Hector O. ('or/iato. A comprehensi\'e treatise on the de
sign of buildings, showing the emlution of architectural 
systems from the earliest times, and the continuity of basic 
principles in the art of building. 744 pages, illustrated Winl 
153 speciallu prepare([ plans and line drau:in9s and 513 
photograpils. $ 25.00 o BIRD A N D  BUTTERFLY MYSTERIES by Ber .. ard 
Acworth. Captain Acworth here offers in an omnibus ,'olume, 
with additions and amendments, his solutions of some of the 
m:rsteries surrounding the habits and life histories of birds 
and butterflies. $ 7.50 D PLANT PHYSIOLO GY by illeirio1! Thomas, Professor 
of Botany. King's College, Cnh'crsity of Durham. A general 
exhaustire surrey of the field. flit/strated. $12.00 D S L E E P  by Marie Stopes. In this book Dr. Stopes con
tributes many lIseful and new facts, enlh'cned by contro
versial ideas, which should be of the utmost interest to 
c\·erybody. $ 3.00 D TABOO by Pran: Stei.ner. Scholars ha\'e been trying to 
eXpiain taboo customs erer since Captain Cook disco\'ered 
them at first hand in Polynesia nearly 200 :years ago. $4.75 o MEASUREME NTS OF MIN D  A N D  MATTER bY G. 
lV. Scott Blair. In this book. the author discusses those 
problems in the borderline region between physics and 
psychology, a territorr which has been much neglected on 
account of the preoccupation of the physicists with the atom 
and of the psychologists with the Unconscious. $4.50 o ABACS OR N OMOGRAMS by A. Giel. �ot only 
demonstrates the many and \'aried applications of the abae 
or nomogram, but shows how eren those without highly 
specialized mathematical knowledge may construct their 
own charts. Illustrated. $12.00 o D I CT I O NARY OF PHOTOGRA PHY edited by A. L. 
M. Sowerby. '.fhis comprehensh'e reference book, alphabeti
calll' arranged, corers e\'ery aspect. Illustrated. $10.00 D THE TRI CKSTE R by Paul Radin. This study in Ameri
can Indian ml'thologl' concerns the exploits of a grotesque 
indh'ldual whose main phYSical features are enormous 
digesth'e and sexual organs and who unites in himself some 
of the traits of a gOd. an animal. and a human being. $6.00 o D I CT I O NARY OF CLASSICAL WO R D  O R I G I NS 
by Harry E. Wed·eck. In almost e\'ery intelligent statement 
one meets words that are fully understandable only if one 
knows something of their Greek or Latin origins. $3.75 o DEAD TOWNS A N D  L I VING MEN by S;r Leonard 
Woolley. The author is one of the world's foremost archaeolo
gists and the discO\'erer of the treasures of Vr. Illustrated. 

• $6.00 o L E I B N I Z-C LARKE C O R R E S PO N D E N C E .  One of the 
most important documents of that period. $ 4.75 o TREASURY OF WORLD L I T E RATU RE «Wed by 
Dauobert D. R1mes, PlI.D. It would take a lifetime of con
stant reading to explore fully the world's 'fast treasury of 
literary wealth now excerpted alld assembled between the 
corers or this monumental book! This is not just another 
anthology of familiar writers from America and the West. 
but a sampling or Yirtually e\'ery culture that has left a 
permanent literary record-including the Orient, and the 
countries or Middle and Eastern Europe. 

1400 complete pages $15.00 

MAIL THIS COUPON TODAY 
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rator being built at Berkeley by a group 
headed by Luis W. Alvarez, and men
tioned the highly original beam-focusing 
ideas of Keith R. Symon of the Univer
sity of Wisconsin. These are being in
corporated into the design of a new 
super-accelerator, planned for construc
tion by physicists of a cooperative group 
of Midwestern universities. The ma
chines are becoming too large for the 
scientific and technical resources of any 
single university. 

Vladimir I. Veksler of the U .S.S.R. 
gave a similar summary of advances in 
high-energy accelerator work in Russia. 
His major news was the announcement 
of the Soviet Union's construction of a 
10-Bev proton accelerator, on the same 
general principle as the Brookhaven 
Cosmotron and the Berkeley Bevatron 
in the U. S. 

Veksler pointed out that present ideas 
for accelerator designs could hardly go 
beyond 100 Bev, and he added : 

"Insofar as the potentialities of the 
usual proved methods appear to be ex
hausted, new ones will have to be looked 
for. For instance, we could make great 
progress if we could devise means of 
creating ultrapowerful magnetic fields, 
or of considerably increasing the maxi
mum voltages of the electric field in 
linear accelerators. It is true that even 
ultrapowerful magnetic fields will not 
lead to a substantial increase in the up
per limit of the energy of electrons, as 
this limit is in practice determined by 
radiation. . . . Therefore my personal 
opinion is that we must seek completely 
new approaches. There are several pos
sibilities, I think. But it would be pre
mature to discuss the problem here, as 
it still needs very thorough examination. 
I do not doubt, however, that experi
mental physiCS will succeed in solving 
this problem, too, and that we shall 
learn how to create artificially particles 
with enormous energies of the order of 
1012 and 1013 electron volts." 

Leafing through these admirable vol
umes, no one can fail to feel that these 
are exciting times in which to be a 
physicist. Truly it is to be hoped that 
international cooperation of scientists 
will again flourish in the future as it did 
in the past and that another such con
ference will soon take place. 

Short Reviews 

KIBBUTZ: VENTURE IN UTOPIA, by 
Melford E. Spiro. Harvard Univer

sity Press ($4.50). The Hebrew word 
kibbutz, which means literally a gather
ing or company, is used in Israel to de
note a collective settlement. Three types 

of cooperative agricultural villages have 
sprung up in Israel, with a total popu
lation of 76,000 members; among these, 
the kibbutz represents the sharpest de
parture from individualistic farming and 
living. With minor exceptions all prop
erty is collectively owned, all work col
lectively organized, and living arrange
ments, including the rearing of children, 
are to a great degree collective. The au
thor of this book, on the staff of the 
University of Connecticut, and his wife 
lived for almost a year in an uncompro
misingly socialistic kibbutz to which 
they have given the name Kiryat Ye
didim, preserving its anonymity. The 
Spiros are anthropologists who have had 
experience conducting field work among 
the people of Haluk, an atoll in the cen
tral Caroline Islands. Their Israel project 
was a continuation of a study, started 
in Micronesia, of "social cooperation 
and aggression." Kiryat Yedidim was 
founded 35 years ago by a small group 
of young Polish Jews. They were boys 
and girls 18 and 19 years of age, middle 
class, urban-reared and of idealistic and 
intellectual inclination. They departed 
their native country partly to escape 
anti-Semitism, partly in rebellion against 
parental authority, seeking mainly to 
achieve a "normal" existence and a ful
fillment of the values of a primitivistic, 
back-to-nature youth movement to 
whose social, economic and moral prin
ciples they were dedicated. Over the 
years they succeeded, despite severe ad
versities and hardships, in building a 
vigorous and successful farming commu
nity-self-supporting, self-governing, ro
bustly independent. The founding prin
ciples have to a considerable extent been 
maintained. The members are opposed 
to all formal religious creeds. Their econ
omy is communist. Their sovereignty re
sides in the town meeting, which by 
popular vote promulgates and enforces 
the rules of living and laboring in the vil
lage. They have their own dairy, carpen
try and tool shops; they maintain trucks, 
tractors and the most modern farming 
equipment; they have built homes, 
schools, a hospital, an assembly hall; 
they have no police, judges or courts, 
having found no need for such appur
tenances of polity; they eat in commu
nal dining rooms served by a communal 
kitchen; their children live and are 
raised and educated apart from them in 
communal nurseries, dormitories and 
schools. Kibbutz living reflects the as
cetic and the "anti-bourgeois" philoso
phy of the original youth movement. 
The members are opposed to premarital 
sexual relations, smoking, drinking, 
fancy clothes and "fast" living. Mar-
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photographs, charts and maps. 
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LEONARDO DA VINCI 

Edited by Edward MacCurdy. 
The reflections of Leonardo on 
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the first manifestations of the 
speculative mind of modern man. 
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Members' Price $5.00 
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Edna E. Kramer. A lively treatment of 
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applications. Pub. Ed. $5.00. Members' 
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man's many religious beliefs. Pub. Ed. $5.00. Members' Price $2.45. 

THE POWER ELITE. By C. Wright Mills. A 
searching study of America's new "top
drawer" ruling class. Pub. Ed. $6.00 . .  
Members' Price $3.75. 

POSITIVISM: A Study in Human 
Understanding. By Richard von Mises. A 
study of how the understanding of 
Janguage can promote intelligent inquiry. 
Members' Price $3.95. 

OL YMPIO: The Life of Victor Hugo. By 
Andre Maurois. Magnificent, full-bodied 
biography of a Romantic titan.lllus. 
Pub. Ed. $5.95. Members' Price $3.75. 
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PIONEER STUDIES 
IN SCIENCE 

Between the 
Planets 

By Fletcher G. Watson. A new, 

thoroughly revised and enlarged 

edition of the long·popular book 

about asteroids, comets, meteors 

and meteorites which move be· 

tween the planets. Important reo 

cent advances are taken fully 

into account; opportunities for 

further research are indicated. 

Without question, the finest one· 

volume survey of these small 

members of our solar system. 67 
p�otographs, 53 diagrams. $5.00 

Learning 
and Instinct 
in Animals 

W. H. Thorpe, F.R .S., presents 
a long·needed synthesis of the 
different methods of research 
and points of view-zoological, 
physiological, and psychological 
-pursued in the study of animal 
behavior. His book makes pos
sible for the student of learning 
on the one hand and the student 
of instinct on the other an over
all perspective on their joint ob
jective-the understanding of 
the learning ability of animals. 
With 9 halftone plates and 82 
diagrams. The John M. Prather 
Lectures, 1951. $10.00 

The Microbe's 
Contribution 

to Biology 
By A. J. Kluyver and C. B. van 
Niel. "The specialist ... cannot 
fail to be impressed by the broad 
view and historical perspective 
of the authors. This book will be 
of inspirational value to students 
in all branches of biology who 
have some training in biochemis
try .... Heartily recommended." 
-MARK H. ADAMS, in Scientific 
Monthly. The John M. Prather 
Lectures, 1954. $4.00 

For a complete list 0/ books 

about the sciences, write to �HARVARD 
m UNIVERSITY PRESS 

79 Garden Street, 
Cambridge 38, !\lass. 

riage does not exist as an institution; a 
man and a woman simply become a 
"pair," and if they no longer wish to live 
together, they separate. Nevertheless 
"divorces" are infrequent and the family 
ties are as strongly knit, especially where 
there are children, as in more conven
tional communities. There is an exalta
tion of physical labor; thus, while all 
members are equal, those who do the 
hardest work in the fields are most ad
mired. At the same time physical labor 
detached from intellectual and artistic 
values is regarded as "boorish and stulti
fying," so that the ideal is the person 
"who combines in a harmonious whole 
an attachment to the soil, a joy in work 
and an appreciation for, if not creativity 
in, art, science and literature." Freud 
and Marx, especially the latter, are 
looked up to as the prophets of the kib
butz faith; the sacred writings are Marx, 
as interpreted by Lenin and as reinter
preted by the Soviet Union, which, ac
cording to Spiro, occupies in the kibbutz 
belief system a position "combining that 
of the Vatican and of heaven." That a 
fiercely independent, thoroughly demo
cratic people admires a despotic state, 
that a Jewish kibbutz venerates a gov
ernment bitterly hostile to Zionism and 
Israel-these are among the paradoxes 
on which this paradoxical community 
seems to thrive. But not everything is 
rosy at Kiryat Yedidim. There is, Spiro 
concludes, a crisis in the kibbutz. Ten
sions within the social structure are in
creasing. The sense of social well-being 
is deteriorating. The older men and 
women are showing signs of fatigue; 
pressures are mounting for more privacy 
and more private property. There is less 
ardor for taking on communal responsi
bility and there are more resignations. 
The older women especially are begin
ning to chafe. They feel that despite 
their theoretical equality with men they 
have never really cast off the yoke of 
domestic chores-merely exchanging 
family housekeeping for housekeeping 
for an entire kibbutz. The women miss 
the full joys of motherhood. Spiro's book 
enables readers to see and understand 
and'sympathize with the problems of 
this complex and gallant society. His 
study is of social and scientific impor
tance. 

kTOMATION, FRIEND OR FOE?, by 
R. H. Macmillan. Cambridge Uni

versity Press ($1.95). Automation has 
already made itself felt technologically 
and economically; no one, however, has 
made clear how we are to prepare our
selves either for the crises or the bene
fits which this "second industrial revo-
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For later publication: 

VOL. III. Planets and Comets, Pad I: 
Planets and Satellites. 
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System. 

The most authoritative and compre

hensive treatment of our knowledge of 

the solar system. A monumental series 

that will give the solar physicist all he 
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advanced text for many years to come. 
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edited by Gerard P. Kuiper. $8.50 

THE FACE OF THE MOON 

by Ralph B. Baldwin. $5.00 

PRINCIPLES OF 

METEOROLOGICAL 
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by Walter 1. Saucier. 

Available at all bookstores 
or directly from 

$10.00 

The University of Chicago Press 
5750 Ellis Aven"e, Chicago 37, Illinois 
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lution" is likely to bring about. Macmil
lan's little book is a modest contribution 
to broader understanding. He sketches 
the history of control devices, the grad
ual evolution of automatic fabricating 
processes, the problems of control sys
tem design, the economics of automation, 
the operation of computers. A final chap
ter considers future prospects. The au
thor is an engineer on the staff at the 
University of Cambridge and has lec
tured at the Massachusetts Institute of 
Technology and other U. S. universi
ties on automatic control. The best fea
ture of his essay is his illustration of the 
uses of automation in manufacturing, 
but his attempts to simplify the work
ings of machines and to explain feed
back, nonlinearity, multiple loops, in
stability and other topics of the trade 
are not invariably lucid. 

ELECTRONS, WAVES AND MESSAGES, by 
John R. Pierce. Hanover House 

( $5). Dr. Pierce, noted for his work in 
high-frequency electronics and micro
wave radar, presents a broad survey of 
the art and science of modern electron
ics. His aim is to explain to readers with
out a technical background the princi
ples of radio, television, long-distance 
message transmission and radar. He 
finds it necessary, therefore, to develop 
his subject from the ground up, to set 
forth the fundamentals of physics upon 
which the technology rests. The prepa
ration consists of chapters on the laws 
of motion, electric fields and electrons, 
magnetic fields, waves and Maxwell's 
equations. There follow discussions of 
signals, band width, traveling wave 
tubes, noise, radiation, microwave sys
tems, television and communication the
ory. Pierce's book, brilliant in parts, is 
not wholly successful. When the exposi
tion is good, it is very, very good, but 
often it bogs down in technical details. 
The book can be highly recommended to 
persons with some scientific and mathe
matical training but it is in the main be
yond the resources of the beginner. 

CLASSICS OF BIOLOGY, by August 
Pi Suner. Philosophical Library 

($7.50). Dr. Suner, a Catalonian phy
sician and biologist who has contributed 
importantly to the growth of medical 
science in South America, has gathered 
in this volume extracts from some of the 
classics of biology. The book divides 
into 16 topics, such as cell theory, me
tabolism, growth and reproduction, sex
ual and asexual reproduction, heredity, 
embryology, evolution, paleontology, 
the nervous system. Among the pioneers 
of biology represented are Robert 
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Hooke, Rudolf Vlrchow, Claude Ber
nard, J. J. Berzelius, Charles Darwin, 
Gregor Mendel, Hugo De Vries, Charles 
Sherrington and Sigmund Freud. 

�NGUAGE, THOUGHT AND REALITY: SE-
LECTED WRITINGS OF BENJAMIN LEE 

WHORF, edited by John B. Carroll. Pub
lished jointly by The Technology Press 
and John Wiley & Sons, Inc. ($7). In 
this ably edited volume, prefaced by an 
excellent biographical essay, are collect
ed the principal papers of an exception
ally gifted social scientist. Benjamin 
Whorf had an unusual but tragically 
short career. He was born in Massa
chusetts in 1897, graduated from M.LT. 
in 1918 with a degree in chemical engi
neering, got a job with the Hartford 
Fire Insurance Company as a fire-pre
vention engineer and after 20 years of 
service, which he discharged with great 
technical skill, was elected an executive 
of the company just the year before he 
died at the age of 44. Along the line he 
became interested in linguistics, psy
chology and anthropology, and to each 
of these subjects, though he could give 
them little more than leisure time, he 
made provocative contributions. In 1924 
he became concerned about the conflict 
between science and religion and this 
led him to the study of Ancient Hebrew. 
A book by a forgotten 19th-century 
French philologist and mystic, Antoine 
Fabre d'Olivet, which attempted to show 
that the "hidden meanings of the Book 
of Genesis could be elucidated by an 
analyses au fond of the triliteral Hebrew 
root," made a strong impression on 
Whorf. According to Fabre d'Olivet, 
each letter of the Hebrew alphabet con
tains an inherent meaning (for example, 
aleph is "the sign of the power and 
stability of ideas"). Once the meanings 
are known, all Hebrew roots and the 
words in which they appear can be 
properly interpreted. Whorf elaborated 
this idea and extended it to other lan
guages; it inspired him throughout his 
work to persist in the struggle "to wrest 
from the bare linguistic fact its ultimate 
purport." He made a trip to Mexico to 
examine Maya hieroglyphs and began 
to write technical papers on linguistics. 
He became a pupil of the late Edward 
Sapir of Yale University, a foremost au
thority on American Indian languages 
and the science of language. Under 
Sapir's tutelage Whorf took up the study 
of the Hopi language and was fascinated 
by its strange grammar, which indicated 
to him that the Hopi perceived and con
ceived things differently from other peo
ple. Their notions of space and time and 
their descriptions of physical phenome-
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na are, as he came to believe, far more 
penetrating and accurate than those re
flected in European languages. In Eng
lish we say, "The light flashed," but a 
Hopi Indian simply says, 'Flash"-which 
fits the field concepts of physics better 
than the clumsy subject-predicate prop
osition. In these and various other areas, 
Whorf said, "English compared to Hopi 
is like a bludgeon compared to a 
rapier." After years of research and re
flection he conceived a theory of lin
guistic "relativity," which says, "at least 
as a hypothesis, that the structure of a 
human being's language influences the 
manner in which he understands reality 
and behaves with respect to it." Lan
guage does not merely mirror thought 
but by its structure shapes thought, thus 
taking part in a kind of feedback pro
cess. Whorf's methods and conclusions 
have won supporters and have attracted 
sharp criticism. No one denies, however, 
that he was an exquisitely sensitive and 
subtle student of language and culture, 
brimming with original ideas. 

FREUD : THE MAN AND HIS MIND, by 
Richard L. Schoenwald. Alfred A. 

Knopf ($4). SIGMUND FREUD : FOUR CEN

TENARY ADDRESSES, by Ernest Jones. Basic 
Books, Inc. ($3.75). Freud was born 100 
years ago and has been causing trouble 
ever since. Some of it, of course, is verv 
good trouble. These two volumes cel�
brate the memory and accomplishments 
of this remarkable man. Schoenwald's 
250-page book explains each of Freud's 
writings-a considerable service to lay
men interested in an over-all view of the 
evolution of psychoanalysis. The author's 
prose is facile, sentimental and very 
zippy. It is unlikely that Freud himself 
would have appreciated it, but the book 
clearly helps to propagate the faith. The 
Jones essays are pure hero-worship. The 
first piece is a mishmash about the nature 
of genius, quoting authorities on the sub
ject from the Marquis de L'H6pital to 
Thomas Mann. Freud, says Jones, had 
all the essential attributes of greatness, 
including a critical credulousness, or 
perhaps a credulous criticalness-it is 
hard to tell which. Jones is a graceful 
writer, but unless you are a collector you 
can skip this book. 

M AN AND THE UNDERWATER WORLD, 
by Pierre de Latil and Jean 

Rivoire. C. P. Putnam's Sons ($5). 
MAN UNDER THE SEA, by James Dugan. 
Harper & Brothers ($5). The story is 
told that during the Irish Saint Brendan's 
epic sea voyage in search of paradise 
his party of monks landed one day on 
a small, round island, without sand or 
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p s ychologists  recommend 
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grass, harbor or rocks. They hauled up 
their boat and started to cook their 
evening meal, when suddenly the island 
began to move. They had landed, it 
appeared, on a whale. "My sons," Saint 
Brendan apostrophized them, "do you 
not admire Him who made this island?" 
"We do, F<\ther, we do," they replied, 
"but, above all, we are afraid." The 
story may be taken as a paradigm of 
men's feelings about the sea ever since 
they' ventured upon or under it. Never
theless they have persevered, and de
spite their fears have steadily extended 
the knowledge of the deeps. These two 
books deal with the diHerent ways men 
have explored the underwater world 
and their different motives : curiosity, 
adventure, exploration, military advan
tage, pearls, sunken treasure, fish, oil, 
zoological and archaeological research 
and, more recently, l'amusement sportif. 
The first book, by a Parisian journalist 
and a deep .. sea practitioner, covers the 
history of submarine exploration from 
the Greek and Roman founders of the 
art of diving to the latest craze for 
"underwater tourism." In August, 1955, 
a monumental statue of Christ was 
erected on the bottom of the Bay of 
San Fruttoso on the Genoese Riviera
a neighborhood much favored by Italian 
underwater buHs. Among other his
torical items, the book describes the 
legend of Alexander the Great's glass 
diving case, which was covered with 
asses' skins and in which, accompanied 
by two secretaries, he sat deep under 
water for two days sketching pictures 
of hideous monsters; the contributions 
to diving of Leonardo da Vinci (in
cluding the webbed flippers in use to
day); the exploits of the astronomer 
Edmund Halley in a diving bell of his 
own design. The second book-less as
sertively learned-is an accomplished 
piece of journalism by the author of The 
Great Iron Ship. There is not a dull mo
ment as Dugan recounts the adventures 
of J. B. S. Haldane and his father in 
perfecting the art of self-suHocation and 
in battling the bends; the submarine ex
ploits of the U. S. S. Tang; the gallantries 
of the wet saboteurs of the Italian Tenth 
Light Flotilla; the insane journeys of 
sundry underwater cave explorers; the 
exciting descents of bathyspheres and 
bathyscaphes; and various incredible 
salvage operations, including the loca
tion of the hundreds of scattered pieces 
of the B.O.A.C. fet airliner Yoke Peter, 
which exploded over the Ligurian Sea. 
Other diversions : The grouper is a fish 
which can grow big enough to swallow a 
man whole; a 50-year old man on Babel
thuap Island was swallowed by a 
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grouper and made his escape through a 
gill. Japanese divers 100 years ago 
raised a number of vases containing Im
perial treasure by lowering octopuses 
into the wreck. The octopuses wriggled 
into the vases; the salvors hauled on the 
lines; the octopuses "braced them
selves," and "up came vases and ten
ants." Dugan lingers lovingly over gory 
details, but even the squeamish will find 
this a hugely entertaining book. 

CULTURE, PSYCHIATRY AND HUMAN 
VALUES, by Marvin K. Opler. 

Charles C. Thomas ($6 ) .  Dr. Opler is 
not a winning writer. His delivery is 
dense, jargon flourishes, and he crowds 
as much into each sentence as if he 
feared it might be his last. Nevertheless, 
when you have ground your way 
through this book you realize that it is 
a learned, sympathetic, thoughtful and 
worthwhile work. It is concerned with 
the relation between environment and 
mental illness. The subject is not new, 
but most psychiatrists have neglected it. 
While realizing that patients do not live 
in a cultural vacuum, that mental dis
orders in some sense constitute an ac
commodation to the demands and pres
sures of the social jungle, many psychi
atrists continue to diagnose and treat 
cases as if each represented a disease 
caused solely by innate qualities and the 
individual's response to his immediate 
environment-family, friends and the 
like. Psychiatrists have shrunk from 
formulating general rules linking culture 
and personality. Dr. Opler runs through 
a long roll call of recent cultural studies 
by social scientists-principally anthro
pologists-who have tried to relate men
tal disease to the ways of society. Their 
results have lit the imagination and 
widened the understanding of a number 
of leading psychiatrists. Some fruitful 
collaborations between psychiatrists and 
social scientists have been achieved. But 
the work has barely begun and has been 
marred in not a few instances by pre
tentiousness, extravagant claims and 
plain humbuggery. Besides reviewing 
the literature, Opler presents his own 
views on the cultural determinants of 
mental illness and the emerging "dynam
ic psychiatry," which may make a more 
effective assault upon the "processes de
structive of human happiness." 

THE OUTLOOK FOR NUCLEAR POWER 

IN JAPAN, by Michael Sapir and Sam 
J. Van Hyning. National Planning As
sociation ( $3.00 ) . This volume is the 
second in a series of National Planning 
Association case studies on the produc
tive uses of atomic energy. Other reports 
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/ r o m  T H E  I N N E R  S A N C T U M  0 /  
S I M O N a n d  S C H U S T E R 
Publishers • Rockefeller Center • New York 

About Mathematics, Imagination, Science 
and Mr. Newman 

� In J uly's Scientific American, 
Simon and Schuster announced the forth
coming publication of THE WORLD OF 
MATHEMATICS, the 4-volume library of 
mathematical literature ( Coming Sept. 25 
at $20 ; prepublication price $14.95 ) . 

� Advance orders for this set have 
been phenomenal. Though we have in
creased the print order, first to 25,000 then 
to 5 0 , 0 0 0  t h e n  t o  8 0 , 0 0 0 ,  a n d  n o w  to 
100,000, ( unheard of figure for a publica
tion at this price ) we expect to have empty 
shelves before Christmas_ 

� H e n c e  t h i s  r e m i n d e r : If y o u  
haven't already placed your reservation a t  
your bookseller's o r  v i a  Essandess, remem
ber that the $ 14.95 price expires Septem
ber 25th, and the supply of books is  likely 
to vanish shortly thereafter. 

� Now The World o/ Mathematics 
is, as you know, edited by JAMES R. NEW
MAN of the Board of Editors of this maga
zine. In 1 940 we published MATHEMATICS 
AND THE IMAGINATION ( 380 pages, 
$3.95 ) by MR . NEWMAN and EDWARD 
KASNER. It was and is  an entrancing book 
that deals with that realm of higher math
ematics where the human mind must tran
scend intuition and "common sense." 

� It has over the years become 
something of  a classic. If  you missed it, 
get it now. It deals with Googolplex ( the 
largest definite number anyone has yet 
bothered to conceive o f ) , with Rubber 
Sheet Geometry, with PIE ( 7r, i & e) and 
Puzzles, and all sorts of  brain-tingling 
matter from the calculus of chance to the 
problem of  removing your vest without 

taking off your coat. 

� It is beautifully written. In their 
introduction the authors say that what 
they have attempted is  not a populariza
tion but what the French call "Haute vul
garisation" : a work which neither offends 
by its condescension nor leaves the reader 
floundering in a mass of technical verbi
age. We promise that you will number this 
book among your special treasures. 

� Last year Mr. Newman gave us 
the superb book called WHAT IS  SCIENCE? 
To answer this question, he asked twelve 
of today's most distinguished scientists to 
explain their fields to the non-specialist in 
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pieces written especially for this  volume. 
H erewith the contents : 

Bertrand R ussell : Science and Human Lile 

Sir Edmund T. Whi ttaker : Mathematics and 
Logic 

Hermann Bondi : A stronomy and Cosmology 

Edward U. Condon : Physics 

John Read : Chemistry 

Ernest Baldwin : Bioch emistry 

Warder Clyde Allee : Biology 

Julian H uxley : Evolution and Genetics 

Edwin G. Borin g :  Psychology 

Clyde Kluckhohn : Anthropology 

Erich Fromm : Psychoanalysis 

Jacob Bronowski :  Science as Foresight 

� A n d  i n  h i s  i n tr o d u c t i o n  M r .  
Newman says : "Though written for per
sons without s pecial training, the pieces 
in this book are not always easy. Neither 
is  modern science. A decent respect for 
the reader requires that he be told when 
a subject admits of  no further simplifica
tion ; the contributors, I am glad to say, 
have not pretended to explain what cannot 
be explained. Nevertheless every effort has 
been made to speak plainly, to refrain 
from j argon and nebulous profundities, to 
enlighten rather than to astound." 493 en
tirely adult pages. $4.95. 

� According to our private Think
ing Machine (a non-electronic Editor who 
is occasionally accurate ) Mr. Newman's 
3 publications can solve 65.345 % o f  your 
Christmas problems. The coupon below 
will bring them to your door. 

-ESSANDESS 
- - - - - - - - - - - - - - - -.  

To your bookseller. or 
S I MON AND SCHUSTER, Publishers, 
Dept. 91, 630 Fifth Avenue, New York 20 

Please send me 

.. . . . . . . . . . .  sets o f  The World 0/ Mathematics. 
( $14.95 until  September 25th ; 
thereafter : $20) 

.. copies of Mathematics and the 
I m agin ation. $3.95 

. . . . . . . . . . . .  copies o f  What Is Scien ce? $4.95 

If, after examining these books I am not 
entirely delighted, I may return them with
i n  3 weeks and owe nothing.  Otherwise you 
will bill me at  the prices above, plus postage. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I Name... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 

Address. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 
City . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Zone . . . . . . . .  State . . . . . . . . . . . . . . . .  . D Check here if enclosi n g  remittance. 

This way publishers will  pay postage. 
Same refund privilege applies. 

I 
I 
I 
I 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  J 

are in preparation on Brazil, India, 
Israel, Italy and Pakistan. On the basis 
of field observations and economic and 
statistical analysis the authors conclude 
that the Japanese economy as a whole, 
both by reason of its weaknesses and 
strengths, is in a position to derive sub
stantial benefits from the development 
of a nuclear-power program. Japan is a 
predominantly hydro-based economy. 
But costs are rising and it seems proba
ble that hydropower "will cease to be 
economically attractive or available, as 
compared with thermal plants, much be
yond 1965." Expansion of the coal indus
try faces serious physical obstacles, and 
oil-fired capacity depends upon oil im
ports, which, in turn, must continue to 
burden an unsatisfactory balance-of
payments pOSition. The initial capital 
outlay required to erect central-station 
nuclear power plants of 75,000 kilowatts 
and above would be large; but by 1975, 
say the authors, Japan might develop 
the capacity to build domestically most 
of the equipment required in nuclear 
plants. (The uranium fuel costs, as such, 
are a minor factor.) Thus the exchange 
burdens of capital imports would gradu
ally vanish, and total nuclear power costs 
would probably fall to a level well un
der that of oil-fired capaCity. Low-cost 
nuclear power would be strongly reflect
ed, of course, in heavy-power-consum
ing industries, such as iron and steel, 
aluminum, nitrogen fertilizers, soda, 
chlorine and salt, and would generally 
stimulate the over-all expansion of 
national output. But, the report cau
tions, lower-cost power would not by 
itself have a revolutionary impact on the 
Japanese economy. A sober and en
lightening analysis of wide significance. 

I NVESTIGA TIONS ON THE THE OR Y OF THE 
BROWNIAN MOVEMENT, by Albert 

Einstein. Dover Publications, Inc. 
( $1.25). This book is an English transla
tion of five papers by Einstein which ap
peared between 1905 and 1908. The 
Brownian movement was described for 
the first time in 1828 by the botanist 
Robert Brown, who observed that small 
pollen particles dispersed in water dis
played an uninterrupted and irregular 
"swarming motion." Various 19th-cen
tury investigators followed up this dis
covery, noting, among other things, 
"that the motion is the more lively the 
smaller the viscosity of the liquid," and 
that the velocity of the movement de
creases with increase of size of the par
ticles and increases with rise of tempera
ture. The fact that the kinetic energy of 
the particle equals that of a gas mole
cule was first suggested by the Austrian 
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VALUES 
U P TO $ 22 

BENEFITS YOU ENJOY 
AS A MEMBER 

THIS NEW KIND OF BOOK CLUB 

� is for people interested in Science . .  0 

who want to keep abreast of scientific 

discoveries, inventions and develop

ments of all kinds the world over. 
You pay noth i n g  for the many advantanE'� of this forward-looking club,  which brings you 
the best and most odvonced works i n  the entire f ields of science and naturol h i story. Each month the Club's editors select an 

outstanding book. This and other signi

ficant works in the same field are de

scribed in The Science Report which 

you receive free. 

ENGINEER I N G  IN H ISTOR Y 

By R. S. KIRBY, S .  WITHINGTON. 
A.  B.  DARLING anrl F. G.  KILGOUR 

An engrossin g  narrative of man's jour
ney from a life of primitive simplicity 
to a highly mechanized civilization, 
forged by the inventive genius of scien
tists and engineers. Retail frice $8.50 

THE WORLD OF 

NATURAL HISTORY 

By JOHN R SAUNDERS 

A personally conducted tour of that 
fabulous treasure house, the American 
Museum of Natural H istory. 

Retail Price $5.00 

A TREASUR Y OF SCIENCI 

Edited by HARLOW SHAPLEY 

A massive anthology of man's entire 
universe of knowledge, � with selected 
writings of all the great scientists from 
Galileo to Einstein. Retail Price $ 5 . 95 

IXPLORING MARS 

By ROBERT S. RICHARDSON 

A stimulating survey of the mysterious 
Red Planet, describing in detail how 
and when man can travel through space 
to reach it. Expressed simply, but with 
scientific enthusiasm. Retail Pr;ce $4.00 

APES, ANGELS, AND 

VICTORIANS 

By WILLIAM IRVINE 

The story of Darwin and his discoveries 
in Evolution , their effect on science and 
religion, and of eloquent Huxley who 
championed him in an antagonistic 
world. Retail Price $5.00 

FRONTIER TO SPACE 

By ERIC BURGESS 

A lucid and exciting account of the vari
ous fields of investigation pertaining to 
the upper atmosphere, methods em
p l o y e d  b y  s c i e n t i s t s ,  and r e s u l t s  
obtained. Retail Price $4.50 

THI PURSUIT OF SCIENCE 

IN REVOLUTIONA R Y  AMERICA 

By BROOKE HINDLE 

" Successfully chronicles the beginnings 
of science in this country • . • demon
strates with insi ght and clarity how 
interdependent scientific advance and 
social change really were . "  

- Carl Bridenbaugh, Univ. of Calif. Retail Price $7.50 

MAN AND ENERGY 

By A. R. UBBELOHDE 

A splendid survey of the science of 
energy from earliest times to the pres
ent, and how it led to striking changes 
in human affairs and ways of living. Retail P,;ce $5.00 

IDEAS AND OPINIONS OF 

ALlERT EINSTEIN 

Assembled under the supervision of 
Einstein himself, this is the most com
plete collection of his popular writings 
ever published. Retail Price $4.00 

MIN, ROCKITS, AND 

SPACE RATS 

By LLOYD MALLAN 

The startling story of today's achieve
ments in the exploration of outer space 
and miraculous advances in rocket de
velopment. Reveals formerly secret in
formation. Retail Price $6.00 

SALAMANDIRS AND 

OTHER WONDE RS 

By W I L L Y  LEY 

Marvelous scientific truths about little
known and extinct species. A fabulous 
collection of scientific wonders by a 
famous writer in the field of science. 

Re,ail Price $ 3 . 95 

SECRIT ENEMY 

By JAMES CLEUGH 

Frankly discusses the origins and treat
ment of syphilis throughout history. 
and shows how enlightenment, toler
ance, and modern science can conquer 
this scourge of mankind. Retail P,;ce $5.00 
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CLIMATE? POWER? WATER? 
LABOR? TAXES? SAFETY? 

TRANSPORTATION? MARKETS? 
SITE? COMMU NITY? SPECIAL I N DUCEMENTS? 

A Noted Plant Location Consultant 
Now Answers Management's Key Questions . . .  

It  is startling to see how far many communities 
are going to keep and attract i ndustry • • .  

O n e  community built a $500,000 plant for 
a paper cup mfr . . .  another gave a valu
able site to expand an existing watch 
plant • . .  

Yet such special inducements may be the least 
important factor,  as shifting population, markets, 
soaring freight costs,  taxes and other changes 
have reshaped the industrial map of the United 
States and undermined the competitive position 
of many firms. 

Now the American Research Council 's  new vol
ume PLANT L O CATI O N  makes available the 
first authoritative guide to scientific plant loca
tion, prepared by the country's foremost expert. 
I t  enables business firms to benefit from new 
location techniques in three ways : 

F I RST, to see how present wage, tax, shipping, 
power and other costs compare with competi
tors i n  other areas ; 

SECOND,  to improve your competitive position in 
your p resent location ; 

T H I RD,  to save 10% to 1 5 %  on manufacturing and 
distribution in planning new plant or ware
house facilities.  

PLANT L O CATI O N  is unique in that it  is 
written by the plant location consultant to many 
of America's largest corporations. Leonard C. Ya-

EXPANDING 
UNIVERSES 
by Erwin Schrodinger 

Professor Schrodinger ex· 
plains in a way which can 
be visualized, and with the 
help of a series of carefully 
constructed scale· drawings, 

some of the puzzling prop
erties of expanding flat and 
spherically closed world
models. There are chapters 
on The de Sitter Universe, 
The Theory 0/ Geodesics, 
Waves in General Rieman
nian Space- Time, and Waves 
in an Expanding Universe. 
The exposition requires the 
knowledge of calculus and 
of analytic geometry, but it 
does not presuppose a 
thorough previous acquaint-
ance with Einstein's theory 
of gravitation. Bibliography. 

$3.50, through your 
bookstore 

CAMBRIDGE 
UNIVERSITY 

PRESS 
32 Eas"t 57th Street, 

New York 22, N, y, 
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seen, Senior Partner of Fantus Factory Locating 
Service, has located some 1 500 plants and ware
houses for Philco, Westinghouse, Rockwell, 
Sperry and others in every type of industry. 

As a result, top management will find PLANT 
L O CATI O N  a complete working manual  to all  
factors determining a site,  with scores of  maps 
and tables  on taxes,  wages,  cl imate,  transporta
tion, power sources, etc.-answering such ques
tions as : How can a competitor's favorable mar
ket position be  equalized ? how do you check 
actual labor costs and productivity ? how can you 
j udge a community ? and many more. 

" This should be the bible of industrial develop
ment for years to come . . .  a magnificent vol
ume." ( F irst National B ank & Trust, Okla.  City) 
" The thoroughness and practicality of the con
tents has never been equalled under one cover. " 
( Southwestern Electric Service Co.,  Dallas)  

F REE EXAMINATION-write today.--"""I 
It would cost many thousands of dol
lars and man-hours to gather the tre .. 
mendous fund of information in PLANT 
LOCAT I O N .  Send for a free exa mina
tion copy. If you keep it.  pay only $1 0.00 plus shipping ( or save by re
mitting $1 0.00 now-refund guaran
teed l .  

Write American Research Council . 
Dept. SA-2, 11 East 44th St. , New York 
17,  N. Y. 

JUST PUBLISHED : A provocative 
discussion of one of the most 
serious problems of 0111' time 

New York University Press 
Washington Square East · New York 3 

Please send me copies of 
THE GROWING SHORTAGE OF SCIENTISTS AND 
ENGINEERS @ $4.00.  
Name' ______________________________ _ 

Address ____________________________ _ 

City & State ___________ _ 

D CHECK ENCLOSED D BILL ME 

physicist Franz Exner, but the relation
ship, as demanded by the molecular
kinetic theory of heat, was not verified . 
until measurements were made accord
ing to methods laid down by Einstein. 
His several papers discuss the funda
mental theory of Brownian movement, 
the determination of molecular dimen
sions, the methods of theoretical 
observation; a concluding section pre
sents an attractively lucid exposition of 
the phenomenon on an elementary 
level ( "for chemists" ) .  The present 
edition, a reprinting of a 1926 issue, 
contains useful notes by R. Fi.irth. 

E SSA YS AND SKETCHES IN BIOGRAPHY, 

by John Maynard Keynes. Meridian 
Books ( $1.35 ) .  Bound together in this 
attractive and well-pi'inted paper-back 
are Keynes's Essays in Biography and 
Two Memoirs . The subjects of the bio
graphical sketches include Robert Mal
thus, Alfred Marshall, Frank Ramsey, 
William Stanley Jevons, Winston 
Churchill, Leon Trotsky, David Lloyd 
George, Edwin Montagu, Isaac New
ton. The memoirs include "My Early 
Beliefs," a charming reminiscence of 
Keynes's years at Cambridge, his philo
sophical preoccupations, his friendships 
with, among others, Bertrand Russell, 
G. E. Moore, Lytton Straclley and David 
Garnett. A delectable literary package. 

P SYCHOLOCY OF INDUSTRIAL CON-

FLICT, by Ross Stagner. John Wiley 
& Sons, Inc. ( $8 ) . WOHK AND AUTHORI

TY IN INDUSTRY, by Reinhard Bendix. 
John Wiley & Sons, Inc. ( $7.50 ) . 
Many a corporation president has been 
shocked by the determination of his 
workers to strike even when they obvi
ously would not be able to recoup for 
years the amounts lost in unpaid wages. 
Union leaders, on the other hand, have 
often listened incredulously to manage
ment's aggressive rejection of sound sug
gestions for improvement of production 
methods. Ross Stagner, of the University 
of Illinois, has dug beneath the hostile 
and irrational behavior common in la
bor-management disputes to reveal the 
hidden frustrations that motivate both 
sides. His description of the psychologi
cal pressures that push worker and 
manager into conflict is the core of a 

many-sided work that merits close study 
by every practitioner and serious student 
of industrial relations. It is perhaps to be 
regretted that he did not devote more 
space to the effect of family difficulties 
on workers' states of mind-a field that 
needs further investigation-but his book 
stands as an exceptionally comprehen
sive and useful review. The men on 
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EVO L U T I O N  I N  T H E  FLOWE R I N G  PLANT 

By R. D. Good, University of Hull. Angiosperms in general ecology and the role they have 

played in the evolutionary process-a systematic study of this important phase in the devel

opment of life forms. 1956. 400 pp. 5% by 8 in. Figures. $6.00. 

TEXTBOO K  OF TH EORETICAL BOTANY 

B y  R .  C .  McLean, University o f  Wales, and the late W .  R .  I .  Cook. A complete survey 

of all aspects of theoretical botany. In four volumes, 6% by 10 in. ( Vols. III and IV 

in preparation. ) 

Vol. I :  General Classification and the Primitive Plants. 1951. 1069 pp. 314 figures. 

727 plates. $16.75. 

Vol. II : Morphology of Flowers and Processes of Pollination. 1956. 1032 pp. Figures 

and plates. $17.50. 

T H E  BOTANY OF TRO P I CAL PLANTS 

B y  L .  S. Cobley, formerly o f  University College, Khartoum. A text o n  the botany o f  tropical 

plants producing food, fibers, drugs, beverage s, spices, oils and rubber. Ready, October. 360 

pp. 5% by 8 in. 79 figures. 32 plates. $7.00. 

T H E  PHYSIOLOGY OF R E P RO D U CT I O N  

By F .  H .  A .  Marshall, late o f  Cambridge Uni versity. The physiology o f  the reproductive 

process in animals from protozoa to man, with emphasis on mammals ; for students 

and specialists in biology, biochemistry, animal husbandry and medicine. Third 

Edition, edited by A. S. Parkes,  National Institute for Medical Research. In three 

volumes, 6% by 10 in., figures and plates. 

Vol. I, Part I. 1956. 688 pp. $29.00 

Part II. Ready, Autumn 1957. 

Vol. II. 1952. 900 pp. $34.00. 

BACT E R I O LOGY AN D I M M U N I TY 

By Ronald Hare, University of London. Classification, growth and media of micro-organisms, 

endemic and epidemic infections, the use and action of therapeutic drugs, the nature and de

velopment of immunity, and other aspects of the subject, chiefly from the medical point of 

view. Ready, November. About 428 pp. 6% by 10 in. Figures and plates. About $6.00. 

C H I S H O L M ' S  H A N D B O O K  OF CO M M E RCIAL G EO G RAPHY 

Details o f  the geographical and economic aspects o f  natural resources, processing 

and manufacturing, agriculture, exchange and transportation, in relation to all coun

tries. Fifteenth Edition, edited by L. D. St amp and S. C. Gilmour. 1956. 915 pp. 6 by 

9 in. Figures, maps and tables. $16.00. 

I NTRO D U CT I O N  TO ATO M I C  PHYS I C S  

B y  Samuel Tolansky, formerly o f  the University o f  Manchester. General revision, with new 

chapters on the detection of single atomic particles, on mesons, on high-energy particle ac

celerators, and on atomic energy nuclear reactors. Fourth Edition. 1956. 435 pp. 6 by 9 in. 

Figures and plates. $5.00. 
-

LONGMANS, GREEN AND CO.,  Inc., 55 Fifth Avenue, New York 3, N. Y .  
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FRONTI ER TO SPACE 
By Eric Burgess 

An absorbing account of recent explora
tions into the earth's upper atmosphere by 
means of rockets bearing scientific instru
ments. The book contains the technic.al 
background of the various phases of �IS
sile research, including instrumentation 
and experimental methods. It offers a first
hand account of the cosmic rays and other 
aspects of high altitude physics. An entire 
chapter is devoted to the timely problem 
of launching an artificial satellite. " . . .  an 
introduction to the layman . . .  and a re/
erellce guide lor the specialist." 
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1 74 pages, 1 1 8  illustrations. $4.50 
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whom industrial peace depends, he 
makes it plain, need to strip off their 
mental blinders if they are to commu
nicate effectively with one another and 
achieve sustained cooperation. The book 
by Dr. Bendix, of the University of Cali
fornia, approaches the problem of main
taining industrial peace through an 
examination of several historical situa
tions : England in the Industrial Revolu
tion; Russia under the Tsars and the 
Soviets; the U. S. since 1880; East Ger
many today. He deals essentially with 
the ideologies and techniques through 
which the private or public managers of 
industry, in each of these societies, suc
ceeded in establishing their authority 
over their labor forces. One of the keys 
to his thinking is the statement that "the 
revolutionary dangers of industrial civi
lization materialize when the various 
dominant groups are unable or unwilling 
to compromise." 

'r HE MARINE AND FRESH-WATEH 

PLANKTON, by Charles C. Davis. 
Michigan State University Press 
($10). The tiny, delicate plankton 
organisms, now recognized as the main 
source of food for the larger life of the 
sea, figure in the planning of many who 
are concerned about man's future food 
supply. This scholarly monograph de
scribes these dwellers in the watery 
world whence man came and to which 
he may have to turn for nourishment. 
Many illustrations and an extensive bib
liography. 

T HE MEANING OF RELATIVITY, by Al-
bert Einstein. Princeton University 

Press ($3.75 ) .  For this fifth edition of 
his celebrated little book, based on lec
tures he gave in Princeton in 1921, Ein
stein completely revised the "General
ized Theory of Gravitation" under the 
title "Relativistic Theory of the Non
SymmetriC Field." He expressed the 
hope that he had thereby simplified the 
derivations and form of the field equa
tions and made the whole theory "more 
transparent without changing its con
tent." The work was completed shortly 
before his death. 

BETWEEN THE PLANETS, hy Fletcher G. 
Watson. Harvard University Press 

( $5 ) . A revised edition of Dr. Watson's 
book on the small fry of the solar system. 
He offers an up-to-date, concise but re- . 
markably comprehensive account of the 
thousands of little bodies that move 
around the sun ( principally in the region 
between the orbits of Mars and Jupiter); 
asteroids, comets, meteorites and dust. 
An attractively written and instructive 

Arth u r  C.  
C la rke 

THE COAST OF CORAL 
ADVENTU RES U N D ERWATER  A N D  

ALONG TH E S H O RES OF  
TH E G R EAT BARRI ER  REEF  

Alert, inquisitive, adventurous, the 
man whose EXPLORATION OF 
SPACE delighted earthbound read· 
ers now explores a region less remote 
than the moon and the planets, but, 
in many ways, hardly less fantastic. 
"He conveys the blend of color and 
suspense . . .  the same excitement of 
peering into the unknown-only this 
time the strange environment was the 
depths of the sea."-N. Y. Times 
Book Review 

Illustrated with 40 pages of 
photographs (eight pages in full 
color ) .  $5.00 

H A R P E R  & BROTH E RS. New York 1 6  

An i ntroduct ion to modern statistics 
- an i nva luab le  a id  to researchers 
who wish to read and interpret the 
resu lts of stat ist ical  investigation.  

�itUtiUltt 
a new approach 

by W. ALLEN WALLlS - Prof. of  Stat ist ics  & 
Econo m i c s ,  U .  01 C h i cago;  e d i to r  of The Journa l 

of the  A m e r i c a n  Sta t i st i c a l  Assoc i a t i o n  

& HARRY V. ROBERTS - A s s o c .  P r o f .  of Sta

t i s t i c s ,  U. of  C h i cago 

An exc e l l e n t  expos i t ion  of stat i s t i ca l  rea
son i ng and the methods of stat ist ics  w h i c h  
presents sound and accu rate e x p l a n a t i o n s  
of the  c e n t r a l  conce pts a n d  modes o f  
ana lys i s  of stat ist ics .  

I nc l uded  are t reatments  of stat i s t i ca l  i n 
f e r e n c e ,  d e s i g n  of i nvest igat ion ,  stat i s t ica l  
q u a l i ty contro l ,  t i m e  ser ies  and  non·para·  
metr ic  methods.  $6 

_ _  n n  _ _ _ I FREE TRIAL OFFER 1 _ _ _ _ _ _ _ _  , 

THE FREE PRESS, G l e n c o e ,  I I I . ,  d e p t .  1 

E n c losed p l ea s e  f i n d  for c o p i e s  
of STAT IST ICS:  a new approach at $6 p e r  c o p y .  
I f  I a m  not c o m p l e t e l y  s a t i s f i e d  I w i l l  return 
the book within 10  days lor i m m ed i ate ref u n d .  

N a m e  

Address 

C i ty . .  State . .  

, , 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  J 
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ElECTR ICAL UTILITIES 
E n ergy A n d  T h e  H i story of T h e  I n 
d ustr ial  Revolut ion  • N uclear En er�y 
Power P lants  

POWER IND USTRY 

A S u m m ary of The N uclear Fuels Busi
ness • Nuclear  E n erqy Power P lants · 
T h e  Deve l o p m e n t  of N uclear Rea ctors 
• The Future of Nuc lear  Power in C a n ·  
a d a  • A Study of T h e  E co n o m i c  As
pects of S m a l l  Sca l e  N u c l eor Power 
P lants  

PETRO LEUM IND USTRY 
The Petro l e u m  I n d ustry in Relat ion To 
N uclear E n erllY • A Study of Radio
isotopes i n  The Petro l e u m  I n d ustry 

METAL IND USTRY 
The I m pact  of Ato m i c  E n erllY on t h e  
Meta l I n d ustry 

EQUIPMENT MANUFACTURERS 
T h e  O utlook For N uclear Securit ies • 
T h e  E q u i p m e n t  Man ufactu rers a n d  
C o m p a n i e s  i n  T h e  Ato m i c  E q u i p m e n t  
Bus i ness 

INSTRUMENT AND CONTROL COMPANIES 

A Further  Study of T h e  Com p a n i e s  E n 
llalled i n  Nuc lear  E n erllY 

CHEMICAL I N D USTRY 
The C h e m ical  I n d ustry and Nuc lear  
E n erllY • A Study of Certa i n  Chemical  
Aspects of T h e  N u clear  E n erllY I n d ustry 

INSURANCE IND USTRY 
The I n s urance R i s k  and legal l i a b i l ity 
in Nuc lear  Activit ies 

S H I PPING AND SH IPBUILD ING  
A S t u d y  of N u c l ea r  Power i n  T h e  S h i p 
b u i l d i n ll  I n d u stry • Newport News 

'S h i p b u i l d i n g  and Dry Dock Company 
-A Pioneer i n  T h e  A p p l i cat ion of  
Nuc lear  Power ' A New Era i n  S h i p
p i n ll-T h e  N uclear Aile 

URAN I U M  IND USTRY 
T h e  Outlook For The Ura n i u m  I n d ustry 
and Ura n i u m  Securi t ies  

FOOD AND PAC KAGING 
H o w  T h e  N uclear Revol ution W i l l  
C h a n g e  The Food a n d  Pa c ka g i n g  I n 
d ustries 

AGRICULTURE 

N uclear E nergy May Revol ut ionize 
Allricu l ture 

MEDICINE AND B I O LOGY 

T h e  Med ical  Aspects  of Ato m i c  E n erllY 
• The Med ical  and Biological Use of 
Radio isotopes 

INTERNATIONAL TRADE  
I n ternat ional  Trade a n d  Control o f  
N u c l e a r  Activit ies ( I n  Two Parts) 

INVESTMENTS 
T h e  Outlook For N uclear Securit ies 
Etc. ( l i sted under  E q u i p m e n t  Ma n ufac
t urers) • A Further Study of T h e  Com
p a n i es Engaged i n  N uclear E n erllY • 
A Study of Nuc lear  Securit ies  From 
The Sta n d po i n t  Of The I nvestor a n d  
T h e  S p e c u l a tor 

CASE STU D I ES 

General  Dyna m ics Corporation • T h e  
Ba bock & W i l cox Company ' A m erican 
Mac h i n e  & Foundry Company P lans  To 
Beca m e  An Ato m i c  E q u i p m ent Depart
ment Store 

SPECIAL REPORTS 
A Study of Patents  in T h e  F i e l d  of 
Nuc lear  EnerllY ( I n  Two Paris) 

GENERAL 
A Study of Wor l d  Deve lopments  in  
N u dear Energy • Russ ian  Develop
ments i n  The Pea ceful  A p p l ication of 
Ato m i c  EnerllY (In Twa Parts) • D i s 
Dasal  Pro b l e m s  of Radioactive Waste 
Prod ucts • World Conference o n  T h e  
Peaceful  Uses Of Ato m i c  E n erllY at  
Geneva,  Switzerl a n d · N uclear E n erqy 
vs.  Radiat ion - EnerllY - Matter a n d  
Economics · Radioisotopes F o r  I n d us· 
try ' Pea ceful  Uses of Ato m i c  Ener llY 
in The U.  S. S. R. 

JRE SCIENTISTS EN111TLED 

TO MJKE PRO FITS 

FROM NUCLEJR ENERGY? 
We think they are ! We see no valid reason why scientists 

engaged in this work should not participate in the financial 
growth of the industry. 

Pure research will always spark the world's progress  in the 
field of nuclear energy. However, the economic side will in· 
evitably influence such research. That is  why everyone con· 
cerned with any aspect of the atomic program can benefit 
from the regular reports of the 

· . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
· . 

N U C LEAR E N E RGY 
· R ESEARCH B U REAU · 

. 
· . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

This is a private bureau which 
continuously studies the eco· 
nomic effects of nuclear energy. 
I t s  R e p o r t s ,  as s h o w n  in t h e  
p anel, range from world reports 
on peaceful uses of atomic en· 
ergy to its impact upon particu. 
lar industries and p articular 
comp anies, including their see 
curities. 

T h e s e  R e p o r t s  s u p p ly t h e  
economic and practical infor. 
m ation so vitaHy needed hy tech· 
nical personnel. They contain 

carefully compiled b asic infor· 
m ation about areas other than 
that of the average scientist and 
may accordingly prove invalu
able to creative thinking and 
progress. 

As an example of the types 
of research that we do- ( in. 
cluding studies of companies 
most likely to profit Y-we shall 
be  pleased to send you, without 
cost any one of this list of stud
ies, upon receiving the coupon 
helow. 

W E  S E R V E  C L I E N T S  I N  2 8 C O U N T R I E S  
. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

N u clear E n e rgy Research B u reau 
6 8  William Street, N e w  York 5 ,  N e w  York 

P l e a s e  s e n d  me a free c o py of r e p o rt I h av e  u n d e rl i n e d .  

w o u l d  a l s o  l i k e  to o bt a i n f u rt h e r  i nf o r m at i o n  a b o u t  y o u r  B u re a u .  

I a m  t o  b e  u n d e r  n o  o b l i g at i o n .  

N a nn e  ________________________________________________________ ___ 

Street ________________________________________________________ ___ 

C itY _______________________________ State ______________________ __ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
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PEAC E MAKE R 
They called this  weapon the Peacemaker. 
In the hands of the Western lawmen,  it 
brought peace and order to the turbulen t 
frontier. 

In the West today, Sandia Corporation en· 
gineers and scientists explore new frontiers 
in research and development engineering 
to produce m odern peace m a kers . . .  the 
nuclear weapons that deter aggression and 
provide a vital element of security for the 
nations of the free world. 

Sandia  Corporati o n ,  a subs i d i ary of the 
Western Electric Company, operates Sandia 
Laboratory i n  Albuquerque, N. M.  and a 
branch installation at Livermore, Cal. under 
direct contract with the Atomic  Energy 
Commiss ion.  At both of these locations, 
engi neers and scientists who look to the 
future fina challenge and opportunity . . .  
the chal lenge of adva nced problems in a 
broad range of research and development 
activities, and the opportunity for profes· 
sional growth and individual advancement 
in a stimulating new field. In addition, they 
enj oy excellent living and working condi· 
'clons, and outstanding employee benefits. 

Qualified engineers and scientists interested 
in joining our professional staff are invited 
to write for further details. 

Please address 
STA F F  E M PLOY M E N T  D I V I S I O N  5 6 9 .  
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volume for amateurs and professionals. 
Fine illustrations. 

Notes 

ADVANCES IN BIOLOGICAL AND MEDI
CAL PHYSICS, VOL. IV, edited by John H. 
Lawrence and Cornelius A. Tobias. Aca
demic Press Inc. ($8.80). This volume 
contains, among other articles, papers on 
X-ray diffraction applied to crystalline 
proteins, information transfer from the 
nucleic acids to proteins, the biophysical 
and biochemical study of cell division, 
the aging process, infrared spectrometry, 
lethal effects of high and low tempera
tures on unicellular organisms. 

BACTERIAL ANATOMY, edited bv 
E. T. C. Spooner and B. A. D. Stocke�· .  
Cambridge University Press ( $6 ) .  The 
Sixth Symposium of the Society for 
General Microbiology includes articles 
on cellular organization in bacteria, bac
terial flagella, osmotic function and 
structure in bacteria, bacterial proto
plasts, chromosomes in microorganisms, 
bacterial cytoplasm . 

STATISTICS, by L. H. C .  Tippett. Ox
ford University Press ( $ 1 . 20 ) . Tippett's 
little volume in the Home University 
Library series has long been recognized 
as one of the best introductions to sta
tistical ideas and methods for the general 
reader. This second edition takes ac
count of developments in the subject 
during the past few years and replaces 
some of the original illustrative material 
with more up-to-date examples. 

THE 'VREN, by Edward A. Armstrong. 
The Macmillan Company ( $6 ) . Another 
engaging book in the New Naturalis t 
series. The author, a distinguished "par
son ornithologist" in the tradition exem
plified by Gilbert White, describes from 
long and loving observation the be
havior and habitat of this familiar bird, 
its songs and calls, sexual display, nest 
building, care of the nestlings, victimiza
�ion by the cuckoo and other species, 
arising and roosting. A quiet, gentle and 
immensely instructive monograph. 

HURRICANES : THEIR NATURE AND HIS
TORY, by Ivan Ray Tannehill . Princeton 
University Press ($4.50). It is proof of 
how hurricane-minded we have become 
since Carols, Hazels and Ednas have 
been plaguing us that this excellent book 
is now in its ninth revised edition. A long 
appendix has been added on observing 
and forecasting hurricanes, and on the 
storms from 1952 through 1955. 

An enthralling survey of I 
i the universe as it is known �; �, to modern astronomy. 

it � � FRED ) �: \ 
" 

;� :,' ./ 
: � : \t ' 

� HOYLE'S .... 

\ 
FRONTIERS OF 

I ASTRONOMY 
" Readers who join H oyle on 
his wide ranging chase through 
the pages of this book," says 
GERARD P I E L ,  "will have a 
vivid experience of the excite-
ment that is to be found today 
on the frontiers of astronomy." 

This fascinating and audacious 
book by the famous "Cam-
bridge Cosmographer" is illus-
trated with 48 pages of photo-
graphs-many of them made 
with the 200-inch telescope-
and 67 drawings. 

At all bookstores $S  .00 

HARPER & BROTHERS 
49 East 33rd  St . ,  New York  1 6  

Want t o  contact a scientist?  
Y on'II find data on 73,000 of  them 

in the new 

AMERICAN MEN OF SCI ENCE 
Almost everything you want to 

knolV about top scientists in the U.S .  
a n d  Canada is in this reference : home 

and business address, specialty, educa

tional background, positions held, and 

professional affiliations .  \Vhether you 

lVant to trace a certain authority or hire 

an assi stant, here' s the place to look. 

Volume I ,  The P hysical Sciences, 

and Volume I I , The Biological Sciences, 

cover the leaders in chemistry, physics, 

biology, genetics,  etc. $20 each net pp.  

Volume III,  Th e Social and Behavior

al Sc iences, offers data on economists, 

stati sticians, psychologists, anthropolo

gists, etc. Ready Fall ' 56-$ 1 8  net pp. 

R. R. Bowker Co. Dept. SA 

62 W. 45 St. N. Y. 36, N. Y. 
Please send me A M E R I C A :'>!  MEN OF 
S C I E N C E  on approval. . . . . . . . .  copies Vol. I at 

$20 net p p . ; . . . . . . . .  copies Vol. n at $20 net p p . ; 

. . . . . . . . . .  copies Vol.  I I I  at $ 1 8  net pp. before 

pub. ; $20 after. I f  not absolutely satisfied. I 

may return the book with no obl igation. 

Name . . .  

Address . . . .  
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L IFE -TI ME REFERENCE WORKSI $1 .50 to $5.50 
Years o f  compi lation and research are avai lab le t o  you th rough the m i racle of 

low-cost books! Many organ izations spend thousands of dol lars need lessly and 

hours of dup l i cate research for information that cou ld be found at the fl i p  of a finger! 

8269. T H EORY O F  G R O U PS & Q U A N T U M  M E C H A N I C S , 
H. Wey l .  Group theory fully developed, Pauli, Burnside, 
BI'og-lie, etc. Bibliography over 200 items. Symbol glossary. 
4 4 6  pp. Paperbound $1 .95 

814 4 .  F O U N D A T I O N S  O F  POT E N T I A L  T H EO R Y ,  O .  D .  K e f ·  
l o g g .  Much material n o t  elsewhcJ'e; rigorous. Laplace equa· 
tions, force fieldS, etc. Bibliography. �at��bO��� �r :98 

S248 THE BIOLOGY OF 
THE LABORATORY M OUSE 
Edited by G. D. Snell.  pre
pared by the staff of the R. B.  
Jackson ),Iemorial Laboratory, 
this is the standard treatise on 
the laboratory mouse, Covers 
completely ontology, genetics, 
pathology, with special refer
ence to cancer : milk influence, 
e n d o c r i n e  s e c r e t i o n .  t u m o r  
transplanting. etc. Special 
strains. breeding, recording. 
e t c .  T H E  S T A N D A R D  

REFERENCE WOnK. gathering 

together m ateria1 that you might spend months finding. 

Bibliography of 1122  items ,  classifled. 172 figures, in

cluding 128 photos. 506 pP. 6% x 9 % . . 
Clothbound 56.00 

8174 . M A T H E M A T I C A L  T H EORY O F  ELAST I C ITY, A .  E .  H. 
Love. Theory. applicatioll; problems, sOlutic;m�; basi�. 

��t:�� ' Jn�,::.
s�6 �1����i

.
tY66t�P . g;;:r

x g?/� . bibliographic 

Paperbound $2.95 

815 P A RT I A L  D I F F E R E N T I A L  E Q U AT I O N S  O F  M A T H .  
P H y

'
S I C S  H .  Bate m a n .  P.d.e. by definite analytical expres

sions. " Must be In hands of all:., interested," Bull. Am. 
Math. Soc. Over 175 examples, 64v pp. 6 x 9. Cloth. $4.9S 

S303. H Y D R O D Y N A M I C S ,  H .  D r Y d, e n ,  F .  M u rnaghan , . H .  
Eate m a n .  National Rcsearch CounCil coverage of claSSIcal 
hvdrodynamics. Turhulence, viscosity, etc. 23 ligures. 
Bibliog. over 2900 items! Index. 634 pp. Paperbd. $2.50 

8318. ASYM PTOT I C  E X P A N S I O N S ,  A .  Erde l y i .  Only modern 
wOI'k in English. Prepared for Olllce of Naval Research. 
Bibliography. 1 1 4  pp. Paperbound $ 1 .35 

8 2 4 4 .  I N T R O .  TO R E LA X AT I O N  M ET H O D S ,  F .  S .  Shaw. 
Fluid mechanics. linear slmult. eQuations, Eigenvalue, 

���:ie�.
n��x3 d�;g/at:i�, ��bJi�}� .. 72 tables irrti;;:�� ���no 

866. M EC H A N I CS O F  GYROSCOPE, R _  D e i m e l .  Rotation, 
gyroscopic horizon; free, dammed, etc. Exercises. Index. 
75 figures. 208 pp. Paperbd. $ 1 .60 

S 2 29. D Y N A M I C S  O F  A SYSTEM O F  R I G I D  B O D I E S ,  E .  J .  
Routh.  Much unique material. l\lovlng axes, oscillation, etc. 
Index. 64 figures. 498 PP. Paper. $ 1 . 9 5  

8 2 2 .  H Y D R O D Y N A M I C S ,  Study o f  Log i c ,  Fact, S i m i l itude, 
G .  B i rkhoff. Theory, experiment, paradoxes, modelling. 
group theory, etc. 78 item bibliog. Index. 20 figures. 
199 pp. Papel'bound $ 1 .85 

819. F O U N D A T I O N S  O F  N U C L E A R  P H Y S I C S ,  R .  Beyer, 
editor. 13 facsimiles, original languages: Anderson. Curie, 
Fermi, Yukawa, etc. Bibliography over 4000 books, arti
cles. 57 figures. 288 pp. 61/s x 9 1/" .  Paper. $ 1 . 7 5  

�I��,� ; S::';�RI" M�el"!:�?�:iat�;l t�eY!h 
" �!�ar�e�:�; 

classical space time. 15 diagrams. Bibliography. 348 pp. 
Paperbound $ 1 . 7 5  

8311. EVO L U T I O N  O F  I G N EO U S  ROCKS, N .  Bowe n .  Appli
cation of physical science to fractional crystallization, etc. 
263 bibllog. notes,_ bibliog. of Bowen. 82 figures. 352 pp. 

Paperbound 51 .85  

848. I N T R O .  T O  T H EORY O F  F O U R I E R ' S  S E R I ES &. I N· 
T E G R A LS ,  H. Cars taw. Infinite series, convergence, peri
odogram, etc. 84 examples. Bibliography over 250 items. 
39 figures. 381 pp. Paperbd. $ 1 .95 

8 1 33. T A B L E S  O F  F U N CT I O N S  W I T H  F O R M U L A E  &. 
C U R V E S ,  E. J a h n k e ,  F .  Emde. World's most comprehensive 
I vol. Enl;lish-text! 76 p. not in other English editions. 
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394 pp. Paperbound $2.00 

S 1 93. H I G H E R  M A T H .  F O R  STU D E NTS O F  C H E M I ST R Y  &. 
P H Y S I C S ,  J. M e l lor.  Practical, familiar material. Differen
tial, integ-I'al, variational calculus, etc. 800 problems. 18 
tables. Index. 189 figures. 662 pp. Papel'bound $2.00 

892. P H A S E  R U L E  A N D  I TS A P P L I C AT I O N ,  A .  F i n d l ay. 
"Standard, "  Nature. 1 ,  2 ,  3 ,  4, multiple component sys
tems. Triangular coordinates. 505 bibliographic footnotes. 
236 figures. 506 pp. Paperbound $2.00 

S349. O R D I N A R Y  D I F F E R E N T I A L  EQ U A T I O N S ,  E .  I nce_ 
Most compendious; real, complex. Transformation groups, 
boundaries, etc. "Highest praise , "  Bull. Anl. Math. Soc. 
Bibliography. Index. 18 figures. 566 pp. Paperbd. $2.45 

S81. T H E  P R I N C I P L E  O F  R E LAT I V I TY, E i nste i n ,  Lorentz, 
M i n kows k i ,  Wey l .  11 papers found general, special the
ories. Notes by 8ommerfeld. "Indispensable, "  NatUre. 7 
diag"l'ams. 2 2 4  pp. Paperbound $ 1 .65 

8263. P A RT I A L  D I F F .  E Q U A T I O N S  O F  M A T H .  P H Y S I CS. 
A .  Webster. Elasticity, compression, potential, vibration, 
etc. Fourier, Cauchy, etc. 97 figures. Index. 4 4 7  pp. 

Paperbd. $ 1 .98 

T295. H OW TO CALCULATE QUIC KLY by H. SI�ker 
A tried & true method for helping you in the basic 
arithmetic of daily life : addition, subtraction, multi
l)lication , division, fractions, etc. Designed to awaken 
your "number sense," or the ability to see relationships 
between numbers as whole quantities. Xot a collection 
of tricks, but a serious course of over 9,000 problems 
and solutions. Teaches special techniques not taught in 
schools : left to right multiplication, etc. Invaluable for 
the scientific worker who m ay be at home in higher 
math, but is  not satisfied with his speed and accuracy 
in  lower math. 256 pP. 5 x 7 %. .  Paperbound 5 1 .00 

Aids for the non-special ist! Puzzles, mathematical amusements! 
S 1 09. V ECTOR &. T E N S O R  A N A LYS I S ,  G. Hay. Introduc
tory 8tart simple definitions, end mastering vectors, ten
SOl'S : etc. Applications. All fundamental formulas demon
strated. 195 problems. 166 figures. 201 pp. 

Papel·bd. $ 1 . 7 5  
8 1 20 .  I N T R O .  TO D I F F E R E N T I A L  E Q U AT I O N S  O F  
P H Y S I C S ,  L .  Hopf. For non·speclalists. Causality, energy 
theorem, cylindrical, spherical coordinates, etc. Index. 
4 8  ligures. 160 pp. Paperbound $ 1 .25  
8 2 7 .  N O N _ E U C L I D EA N  G EO M ETRY, R .  Bonola.  Historical, 
mathematical; standard. Contains texts of Bolyal, Loba
chevski. 180 diab'Tam.s. Jndex. 431 pp. Paperbd. $ 1 .95 
5 1 82 .  G E O M ET R Y  O F  4 D I M E N S I O N S ,  H .  M a n n i n g .  Simple 
clear coverage. Hyperspheres, hypervolume, etc. Glossary. 
78 figures. 357 pp. Paperbd. $ 1 .95 

T 2 .  EVO L U T I O N  O F  S C I E N T I F I C  T H O U G H T  F R O M  N EW
T O N  TO E I N S T E I N .  A .  d ' Abro. 1 st inexpensive edition. �r::;���' efi.
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T3-4. R I S E  OF T H E  N EW P H Y S I C S ,  A. d ' Abro. Classical & 
modern physics: causality. method, Hamilton, Maxwell, 
Newton, Einstein, Bohr. etc. coverage for intelligent lay
man; special math chapters for specialists. 994 pp. 2 
volume set. The set. paperbound $3.90 
8105. LECTU R E S  ON C A U C H Y ' S  P R O B L E M ,  J. Hadamard . 
Discusses work of Riemann, Kirchhoff, Volterra and the 
author's own research on the hyperbolic case in linear 
partial differential equations. 32 figures. 319 pp . 

Paperbound $ 1 . 75 
A l l  books 53/. x 8 u n l ess otherwise i n d icated. 

8289. M O N O G R A P H S  O N  TOP I C S  O F  M O D E R N  M A T H . ,  
J .  W .  A .  You n g ,  editor. Foundations o f  geometry, pure 
non-euclidean geometry, functions, calculus, number the
ory, eQuations, etc. 9 papers for readers who haven't gone 
beyond high school algebra. 100 diagrams. 432 PP. 
6 1/8 x 9 1J4 . Paperbound $ 1 .95 
T t 63. M A T H E M A T I C A L  R E C R EAT I O N S ,  M .  Kraitch i k .  254 
problems. expert & beginner. Magic squares, probability, �����. erc�t�
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numbers, permutations, etc. 8olutions, breakdown; roots, 
primes, tr iangular numbers, etc. 248 pp_ Paperbd. $1 .00 
S300. I N T R O D U C T I O N  TO THE T H EORY O F  G R O U PS OF 
F I N I T E  O R D E R ,  R .  Car m i c h ae l .  Fundamental theorems and 

their application. No other math needed except one chapter. 
783 exercises, problems. 462 pp. Paperbound $2.00 

JUST R E I SSUED I BEST CRYPTOG RAPHY BOOK I 
'1'97. C R Y P T A N A LY S I S. H. F. G a i nes. (Formerly 
ELE�lE�TARY CRYPTA::-JALYSIS. ) For serious stu· 
dents. elementary & intermediate text. Not a rehaSh, 
but much not known except to experts. Concealment, 
substitution, transportation ; Kasiski, Vigenere, Ohaver, 
l'layfair, multafid. etc. Appendix : word, letter. com 
bination frequencies ; 167 specimen ciphers. Solutions 
first supplied in thIs new edition ! Index. 173 flgures ,  
236 IlP .  Paperbd. 5 1 .95 

8 2 9 0 .  T R I G O N O M ET R I C A L  S E R I ES, A .  Zyg m u n d .  Unique 
ITIoctern advanced. Trigonometrical, orthogonal, Fourier, 
Bibliography over 300 Hems. Outstanding for Russian, 
Eastern math. 3 29 pp. Paperbound $ 1 . 8 5  

S262. S E L E C T E D  P A P E R S  O N  N O I S E ,  STOC H A S T I C  PROC. 
E S S ,  N .  Wax, editor. Random processes, application etc. 

�h8¥��asekhar, Kae, Doob. Blbllog. 60 it��s.;
r�gJnSP$2�¥� 

8114. S E N S A T I O N S  OF TO N E ,  H H e l m ho l tz. Classic COver
age of physics, math, physiology. Temperament, calculating 
cents, etc. Index. New intro. Prof. Margenau, Yale. 70 fig
ures. 608 pp. Clothbound $4.95 

8 3 0 4 .  I NV E S T I G A T I O N S  • • •  B R OW N I A N  M O V E M E N T ,  
A .  E i nste i n .  5 baSic papers translated. 3 3  pp. notes b y  
R. Furth. Index. 1 2 4  p p .  Paperbound $ 1 .25  

8168. N U M E R I CA L  S O L U T I O N S  O F  D I F F .  E Q U A T I O N S ,  
H .  Levy, E .  Baggott. Numerical, graphical. " Should be i n  

�:�:,s
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p.
in research in applied mathp'�p�r

a����d 2�1�15 

834. WAVE P R O P A G A T I O N  IN P E R I O D I C  S T R U C T U R E S ,  
L .  B r i l l o u i n .  General method, application; electrical en
gineering, pure physics, etc. 131 Illustrations. 254 pp. 

Paperbd. $ 1 . 8 5  

S292·3, THE, TH EORY OF SOUND, Lord Rayleigh 
This classic compendium 
covers all aspects of sound 
and vibration. experi
mental and theoretical. 
Covering harmonic vI
brations, vibrating sys
tems. vibrating bars. 
plates, reflection, refrac
tion. theory of resonators, 
ultrasonics, electric vibra
tions . etc. Methods used in 
this book may be allPlied to 
almost any vibrating system 
liable to be met in practice. 
Bibliography. 97 figures. Total or 1 
paperbound. 

2 volume set. 
Set. $3.90 

8 1 4 .  M A T H .  A N A LYS I S  OF E L ECTR I C A L ,  OPT I C A L  WAVE 
MOT I O N ,  H .  Bate m a n .  Tricks of trade I n  electromagnetic 
theory & p.d.e. 's. Bibliography. 168 pp. Paperbd. $ 1 .60 

895. K I N ET I C  T H EORY O F  L I Q U I DS ,  J .  Fren k e l .  LiQuids 
as extensions of theory of solid bodies. 216 bibliographic 
notes, index. 55 figures. 496 pp. Paper. $ 1 . 9 5  

864. POLAR M O L E C U L E S ,  P. Debye. Classic statement by 
Nobel Laureate on dielectrics. etc. Quantum theory. 1 7 2  
pp. Index. Paperbound $ 1 . 50 

8 1 36. D Y N A M I C A L  T H EORY O F  G A S E S ,  J.  Jeans. Thermo
dynamics, kinetic theory, etc. 28 figuI·es. Index. 444 pp. 
6 1/8 x 9 1/" .  Paperbound $2.00 
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THERE'S MORE FUN 
AND FUTURE AT 

LOCKHEED IN GEORGIA 

The hours a t  wo r k a re p l easant  
and rewa rd ing in the ca l i b re of  
you r  associates a n d  the re c og 
nit ion o f your  effo rts-the h ou rs 
away from the j o b  a re reward 
i ng  i n  the o p p o rtu n i ty o f ad
vanc ed study in exceptiona ll y  
p ro.g ressi ve atmosp h e re ---:- the 
h o u rs of l e i su re wi th you r  family 
a nd a sso c i a tes are exce pt ion 
a l ly rewa rd i ng  beca u se of th e 
ro u n d - t h e - clock - t h r o u g h o u t 
the -yea r advan tages of c l i m a te 
- t� r ra i n  - n a tu ra l reso u rces 
a nd d e v e l oped rec rea t i o n a l  i n 
sta l l a ti o n s-so eve ry h o u r
eve ry day - there ' s  m o re 
a chieveme n t  a n d  p l easu re fo r 
you a t  Lockheed i n  G e o rg ia
wh e re two a dd i t i o n a l  m u l ti 
m i l l i o n  d o l l a r  d e v e l o pm e nts a re 
now u n d e rway - a sepa rate 
E n g i n e e r i ng  Ce n te r  a nd the h u g e 
new N u c l ea r P l a n e  P ro ject. 
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THE AMATEUR SCIENTIST 

Strip the astronomical telescope of its 
clock drive, film magazine, spec
trograph and related accessories 

and you put it in a class with a blind 
man's cane. Like the cane, it informs you 
that something is out in front. Shorn of 
appendages, the telescope tells you next 
to nothing about the size, temperature, 
density, composition or other physical 
facts of the bodies which populate space. 
Not more than 20 celestial objects, other 
than comets, appear through the eye
piece as interesting patterns of light and 
shade. Only one, the moon, displays any 
richness of surface detail. All other 
bodies look much as they do to the naked 
eye. There is a greater profusion of stars, 
but as a spectacle the night sky remains 
substantially unchanged. 

That is why the experience of build
ing a telescope leaves some amateurs 
with the feeling of having been cheated. 
A few turns at the eyepiece apparently 
exhaust the novelty of the show, and 
they turn to other avocations. 

:3934 3968 

About a diffraction-grating spectrograph 

made of materials costing less than $100 

Other amateurs, like Walter J. Seme
rau of Kenmore, N.Y., are not so easily 
discouraged. They pursue their hobby 
until they arrive at the boundless realm 
of astrophysics. Here they may observe 
the explOSion of a star, the slow rotation 
of a galaxy, the flaming prominences 
of the sun and many other events in the 
drama of the heavens. 

Semerau invested more than 700 
hours of labor in the construction of his 
first telescope, described in this depart
ment in May, 1948. "I must confess," 
he writes, "that what 1 saw with it 
seemed poor compensation for the time 
and effort. That, however, overlooks 
other satisfactions: the solution of fas
cinating mechanical and optical prob
lems. Considered in these terms, that 
first instrument was the buy of a life
time." 

Semerau soon decided, however, that 
he had to have a larger telescope 
equipped with devices to gather more 
information than his eye could detect. 
Accordingly he went to work on a 12)�
inch Newtonian reflector, complete with 
film magazine and four-inch astro
graphic camera. Both were assembled 
on a heavy mounting with an electric 
drive, calibrated setting-circles and 
slow-motion adjustments. He could now 

not only probe more deeply into space 
but also do such things as determine 
the distance of a nearby star by meas
uring its change in position as the earth 
moves around the sun. To put it another 
way, he had made his "cane" longer and 
increased his control of it. When the 
sensitivity of modern photographic 
emulsions are taken into account, Seme
rau's new instruments were almost on a 
par with those in the world�s best obser
vatories 50 years ago. 

During these 50 years, as Cecilia 
Payne-Gaposchkin of the Harvard Col
lege Observatory has pointed out, we 
have gained most of our knowledge of 
the physics of the universe. Most of this 
knowledge has come through the devel
opment of ingenious accessories for the 
telescope which sort out the complex 
waves radiated by celestial objects. 

Semerau now decided that he had to 
tackle the construction of some of these 
accessories and to try his hand at the 
more sophisticated techniques of observ
ing that went with them. He went to 
work on a monochromator, a device 
which artificially edipses the sun and 
enables the observer to study the solar 
atmosphere. Semerau's description of 
the apparatus, together with color pho
tographs of solar prominences made 

I 
4100 

Sltnspot spectrograms made by Walter L. Semeralt. The first·order spectrltm is at the lop; the second· order, at the bottom 
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if you can't get 
excited about 
NUCLEAR 
AIRCRAFT 

PROPULSION 

what can you get 
excited about? 

Engineers who can envisage the 
changing world just ahead of us, 
now have the opportunity to in· 
fluence the development of the 
next great scientific triumph
practical application of nuclear 
energy to aircraft propulsion. 

The group of experts in this field 
at the Aircraft Gas Turbine Di· 
vision is now being enlarged. 
Qualifications are high but reo 
wards are higher. The possibili. 
ties for advancement and profes· 
sional recognition in engineer
ing circles throughout the coun· 
try are of the "once in a life· 
time" calibre. 

IMMEDIATE OPENINGS FOR: 
Nuclear Power Systems Engineer 

. . .  conceives futuristic power sys

tems utilizing operating principles 

and characleristics of all types of 

aircraft nuclear reactors. 

Nuclear Systems Installation Engi-

neet ... evaluates and recommends 

general nuclear propulsion systems, 

including externol aerodynamic de-

sign, accessibility, maintenance and 

;50101;0001 hazards associated with 

reactors. 

Advanced Propulsion Engineer . . . 

generates conceptual designs lor 

very advanced propulsion systems 

utilizing nuclear energy. 

Weapons Systems Analysis Engi-

neet ... creates conceptual weapon 

systems and evaluates propulsion 

systems for compatibility. 

Yon can connt on attractive liv· 
ing conditions, top benefits, ideal 
intellectual climate and excel· 
lent salary at AGT. 

.---....... 
12 'l'z inch 

Newtonian 
telescope 

a.xi� 

optical drrangement of 
the sold." telescope 

dnd spe:cbogrAph 

/ 

5liding p"i�m 
to shift image 
from spect.-o

graph to 
eyepiece 

Semerau's telescope, astrographic camera, monochromator and spectrograph 

with it, appeared in this department just 
a year ago. 

Having built the monochromator, 
Semerau felt he was ready to attempt 
one of the most demanding jobs in op
tics: the making of a spectrograph. Di
rectly or indirectly the spectrograph can 
function as a yardstick, speedometer, 
tachometer, balance, thermometer and 
chemical laboratory all in one. In addi
tion, it enables the observer to study all 
kinds of magnetic and electrical effects. 

In principle the instrument is rela-

tively simple. Light falls on an optical 
element which separates its constituent 
wavelengths or colors in a fan-shaped 
array; the longest waves occupying one 
edge of the fan and the shortest the 
other. The element responsible for the 
separation may be either a prism or a 
diffraction grating: a surface ruled with 
many straight and evenly spaced lines. 
The spectrograph is improved by equip
ping it with a system of lenses ( or a 
concave mirror ) to concentrate the light, 
and with an aperture ill the form of a 
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thin slit. When the dispersed rays of 
white light are brought to focus on a 
screen, such as a piece of white card
board, the slit appears as a series of mul
tiple images so closely spaced that a 
continuous ribbon of color is formed 
which runs the gamut of the rainbow. 

As previously discussed in this depart
ment [June, 1955], each atom and mole
cule, when sufficiently energized, emits 
a series of light waves of characteristic 
length. These appear as bright lines in 
the spectrum and enable the investigator 
to identify the chemical elements of the 
incandescent source. Similarly, the atoms 
of a gas at lower temperature than the 
source absorb energy at these character
istic wavelengths from light transmitted 
through the gas. The absorption pattern 
appears as dark lines. As the tempera
ture of the source increases, waves of 
shorter and shorter length join the emis
sion, and the spectrum becomes more 
intense toward the blue end. Thus the 
spectral pattern can serve as an index 
of temperature. 

The characteristic lines of a substance 
need not always appear at the same po
sition in the spectrum. When a source 
of light is moving toward the observer, 
for example, its waves are shortened
the Doppler effect so frequently men
tioned in this issue. In consequence the 
spectral lines of atoms moving toward 
the observer are shifted toward the blue 
end of the spectrum. The lines of atoms 
moving away are shifted toward the red. 
Velocity can thus be measured by ob
serving the spectral shift. 

When an atom is ionized, i.e., elec
trically charged, it can be influenced by 
a magnetic field. Its spectral lines may 
then be split: the phenomenon known 
as the Zeeman effect. Intense electrical 
fields similarly leave their mark on the 
spectrum. 

These and other variations in normal 
spectra provide the astrophysicist with 
most of his clues to the nature of stars, 
nebulae, galaxies and the large-scale 
features of the universe. The amateur 
can hardly hope to compete with these 
observations, particularly those of faint 
objects. However, with well-built equip
ment he can come to grips with a rich 
variety of effects in the nearer and 
brighter ones. 

"If you are willing to settle for the 
sun," writes Semerau, "you shuck off a 
lot of labor. A three-inch objective lens, 
or a mirror of similar size, will give you 
all the light you need. The rest is easy. 
Many amateurs have stayed away from 
spectroscopes because most conventional 
designs call for lathes and other facili
ties beyond reach of the basement work-

The First in a Series of Announcements 

on Progressive Expansion of Program 

and Facilities in Mathematics at the 

Knolls Atomic Power Laboratory: 

GENERAL ELECTRIC'S 

KNOllS ATOMIC POWER LABORATORY 

CONSTRUCTION OF A MODERN 
CENTER FOR MATHEMATICS 

Because we believe that theory is our most powerful weapon 

in dealing with reality, we are expanding our Mathematical 

Analysis Program. One of the first elements in this expan

sion is the aeation of a new and modern building for math

ematicians and physicists, which will be the center of the 

Laboratory's efforts to meet by theoretical means the 

challenges of the nuclear energy field. 

We are seeking men with strong mathematical training at 

all degree levels to participate in this expanding Numerical 

Analysis Program - a program growing not only in staff, 

equipment, and facilities, but also in concept and function. 

They will work in close association with our theoretical 

and experimental physicists. There are openings in each 

of the following fields: 

RESEARCH IN MATHEMATICAL TECHNIQUES 
Nllme,ical solution 0/ the diffusion equation lor complicated geomttrical arrays 

taxes even the mosl powerful electronic computers. Fundamental work in iterative 

techniques must be carried out. 

FORMULATION AND EVALUATION OF THEORIES 
Due to the natuTe 01 physical situations now being encountered, the rough ap

proximations which were formerly adequate must now be improved. The ultimate 

test of such improvement is comparison with experiment. 

APPLICATIONS TO REACTOR PROBLEMS 
A broad program of computational tools for reactor design must be eOeeted incor. 

/lorating the best available techniques. Strong interests in computation and in 
machine properties are indicated. The program at Knolls oOers the atmosphere, 

the equipment, the richness of subject matler and the material benefits conducive 

to a satisfying career in applications of mathematics. 

A LETTER TO O·R. S. R. ACKER. EXPRESSING YOUR INTEREST. 

WILL RECEIVE IMMEOIATE ATTENTION. 

K� A�PbttH!/l..L� 
GENERAL ., ELECTRIC 

SCHENECTAOY_ N.Y. 
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New. A MACHINE THAT 
COMPOSES MUSIC! 

f@ 1 n IW � hi; JJ ;tjttij 
I, JJJJIJJJJIJJJJIJJ;I 

Actual tune com posed on Gen i ac 

� __ �=m,,� __ .. ,�_">=� 

BUILD IT YOURSELF in a few hours! Using a statistical analysIs of simple tones plus the special circuitry oJ GENIAC. the Electric Brain Construction Kit. you can compose original tunes automatically. These new circuits are not available elsewhere! 
ma�����C ori��� ��er:.�er!��! incYv�u&�O��h 1��s l°lni� be built with the t!td:��IU��Ir��s�infr; t�����cU�:d also a binary to decimal converter. p�;.��,�n�tg?��ngy�ac�!�esbe�� �hl� rna ae·tae and Nim), actuarial analysis 
:���nit�!�1t���: ���i��narseet��o��g fJ'lsth:it�4 die· 
theTl�ft ���r����;:q�i:rnio o�y�}do�lltJ��\�gh�m:a��;� for power. Simple enough for a child to build (with complete wiring diagrams), they are fascinating for adults. GENIAC is a comprehensive introduction to basic computer and problem solving circuits. 

WHO ARE O U R  C U STOMERS? 
I nternat ional B u s i n ess M achi nes . West i nghouse Elec� 
tric • Remi ngton· Rand • Albert E i nst e i n  M ed.i cal 
College . B arnard- College . Naval Research Labora
tori es • Los A n geles Publ i c  Schools . Bell Telephone 
Laborator i es • and thousands of other satisfied' cus .. 
torners, 

A broadcast band all· transistor radio has been designed with RF reflex 
;����itvfg. ���Vi�:ns'� ity. In moderate signal strength areas, no an. tenna is required up to a distance of 25 mites from a broadcast station 

$2995 �n�i]�;��:����e���
G
�n miles with the use of a wire from 6 inches to 3 feet. The use of transistors 

���eJu�g�n:.7g�q�:li��e ��p������t�e t�s;�b:ill!J��:�: 
���iac�or�:lihe tnfe ��a���sV�[str�Ullen�.O�x�:e to �� 
amy of' operation is obtained through the use tal ��i�Wl o�e��r���rc�l c��l';,. ci!��e��aWussIZ�r Fe the ideal radio. It can be worn on the wrist it ea�ily fits under the sleeve of' a jacket or worn in a shlrt pocket. 

HUMAN BRAIN 

ROBOTS AND NERVE ANALOGS 

rSU�ig��B:?� �����ln!:n�ft����aWi:enthft �� 
�:=:�t�y��a��v��g?;on�,:w:nDt;sl��Jsbin6�. \Valter ("The Living Brain"), it operat cells. Complete plans and blueprints .... NERVE ANALOG. Duplicates the electric basis of nerve 
r,;�g�Olo:�than�n�I�;Si�II��y Rg��;e����i d������at��� of' nerve action and the compleXities of beha\'iour possible with simple electrical circuits. Blueprints, parts list. wiring dlagrams ............. .................... $4.00 
O'i'iVerGarfi:i'dCo7DC'Pt::'"'SA-96 - - - ---
126 Lexington Avenue, New York 16, New York Please send me a GE::-{JAC KI T postpaid $19.95 (add SOc west of Mississippi, $2.00 for outside United Stntes). Please send me the three dimensional model of' the hll�ll��S�r:!��l ��c�v�¥S��<iD$Ii·9$829.95 Postpaid. Please send me Plans & Blueprints of' Robot, $5 
po�re��� send me Blueprints of Nerve Analog, $4 Postpaid. Name and Addrefi,s are attnched. 
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shop, and many are too heavy or un
wieldy for backyard use. 

"About four years ago I chanced on a 
design that seemed to fill the bill. My 
employer, the Linde Air Products Com
pany, a division of the Union Carbide 
and Carbon Corporation, needed a spe
cial spectroscope for ind ush·ial research 
and could not find a commercial instru
ment that met their specifications. The 
Bausch & Lomb Optical Company final
ly located a design that looked promis
ing. As things worked out, it was 
adopted and is now on the market. My 
instrument, shown mounted on page 
260, is a copy of that design. 

"The concept was proposed by H. 

film 

from 
gratin 

to fjlm 

from .:.Iit 
� �rating 

5" �utoc.o"im a.ting mirror 
45%" foedl length 

Optical train of the spectrograph 

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

Defriv: a simulated map war game 

involving defensive operations 

along a river line under conditions 

of simulated atomic warfare. Map 

battles, fought by groups of field

experienced officers, evaluated by 

a team of scientists and officers, 

improve our Army's ability to wage 

modern war-a typical example of 

the work of Combat Operations 

Research Group. 

� PHYSICISTS 
� MATHEMATICIANS 
� and other SCI E N TIS T S 

will find in CORG a small but 

growing research group, with free

dom to think and limitless creative 

opportunity. Varied scientific dis

ciplines, good living conditions, 

and all usual benefits, make CORG 
a "good place to work." Find out 

for yourself. 

for information, write to: 
Dr. F. C. Brooks, Director 

COMBAT OPERATIONS RESEARCH GROUP 
Fort Monroe, Virginia 

TECHNICAL 
OPERATIONS 

INCORPORATED 
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Ebert just before the turn of the century. 
The instrument is of the high dispersion, 
stigmatic type and employs a plane dif
fraction grating. As conceived by Ebert, 
the design was at least 50 years ahead 
of its time. In his day plane gratings 
were ruled on speculum metal, an alloy 
of 68 per cent copper and 32 per cent 
tin which is subject to tarnishing. This 
fact alone made the idea impractical. 
Ebert also specified a spherical mirror 
for collimating and imaging the light. 
Prior to 1900 mirrors were also made of 
speculum metal. It was possible but not 
practical to repolish the mirror but nei
ther possible nor practical to refinish the 
finely ruled grating. Consequently a bril
liant idea lay fallow, waiting for some
one to develop a method of depositing a 
thin film of metal onto glass that would 
reflect light effectively and resist tarnish
ing. Then John Strong, now director of 
the Laboratory of Astrophysics and 
Physical Meteorology at the Johns Hop
kins University, perfected a method of 
depositing a thin film of aluminum on 
glass. 

"The process opened the way for many 
new developments in the field of optics. 
One of these is the production of high
precision reflectance gratings ruled on 
aluminized glass. Prior to being coated 
the glass is ground and polished to a 
plane that does not depart from flatness 
by more than a 100,000th of an inch. 
The metallic film is then ruled with a 
series of straight, parallel saw-tooth 
grooves-as many as 30,000 per inch. 
The spacing between the rulings is uni
form to within a few millionths of an 
inch; the angle of the saw-tooth walls, 
the so-called 'blaze angle,' is held simi
larly constant. The ruling operation is 
without question one of the most exact
ing mechanical processes known, and ac
counts for the high cost and limited pro
duction of gratings. 

"In consequence few spectrographs 
were designed around gratings until re
cently. About five years ago, however, 
Bausch and Lomb introduced the 'cer
tified precision grating.' These are casts 
taken from an original grating. It is mis
leading to describe them as replicas, be
cause the term suggests the numerous 
unsatisfactory reproductions which have 
appeared in the past. The Bausch and 
Lomb casts perform astonishingly well 
at moderate temperatures and will not 
tarnish in a normal laboratory atmos
phere. The grooves are as straight and 
evenly spaced as those of the original. 
The blaze angle can be readilv con
trolled to concentrate the spect;'al en
ergy into any desired region of the spec
trum, making the gratings nearly as effi-

UNCONVENTIONAL 
In the chemist's Periodic Table of the Elements, the 

first family comprises the Alkali Metals, of which 
lithium (Li) is a member-the first and lightest. The 
others are sodium, potassium, rubidium, cesium and 
francium. All are characterized by the presence of ex
actly one electron in their outer, or valence shells: 

® (@) m '-

Schematic diagram of the theoretical slructures of Lilhium (Li). 

Sodium (Na) and Potassium (K). Nole single ouler-shell electrons. 

Thus, Li shares a number of properties with its better-known 
cousins, sodium and potassium. Although Li forms homologs 
of most of the important salts, the behavior of Li and its com
pounds often bears little resemblance to that of the other 
Group One elements. Lithium carbonate (LhC03), for 
example, is much less soluble in water than the carbonates of 
sodium (Na2C03) or potassium (K2C03). In this and other 
respects, Li has properties more closely akin to those of the 
Alkaline Earths, magnesium, calcium, strontium and barium. 

Such "non-conformity" isacommon occurrencewithLi, which 
accounts for much of its interest and value. It also poses 
two problems. 

One is the discovery of basic chemical knowledge about Li, 
its compounds and their reactions. Over the past 25 years, we 
at Foote have pioneered in raising lithium from comparative 
obscurity to numerous highly successful industrial applica
tions. Much information has been generated in our labora
tories; others have contributed. Much more remains to be 
known, and the work goes on. 

The second problem is that of disseminating basic informa
tion to those it will benefit most (or whose interest it will ex
cite). Hence this advertisement. 

We have prepared a loose-leaf booklet, "Chemical and Physi
cal Properties of Lithium Compounds." We invite you to 
write for a copy if you think it might be useful or interesting. 
(Those not disposed to read significance and potentiality into 
raw data will find it rather austere.) 

Lithium chemistry is a rapidly growing branch of the sciences, 
and gauged by past successes, it bodes well for those who pro
ject it into their future. 

FOOTE MINERAL COMPANY 
454 Eighteen West Chellen Building, Philadelphia 44, Po. 
RESEARCH LABORATORIES: Berwyn, Po. 
PLANTS: Exton, Pa.; Kings Mountain, N.C.; 

Knoxville. Tenn.; Sunbright, Va. 
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More scientists read HIGH FIDELITY than 

any home music magazine (which isn't so 

amazing because more doctors, lawyers, In· 
dian Chiefs read HIGH FIDELITY, too-it's 
far and away the circulation leader in the 

field). 

What is amazing is the way HIGH FIDELITY 

will add to your enjoyment of music in your 

home. Whether you own a hi·fi system now 

or plan t6 add one soon, HIGH FIDELITY 

is must reading every month. 

Each big issue (some run to nearly 200 
pages!) gives. you tested·in·the·home reports 

on new sound reproduction equipment . • •  

suggestions for making your system sound 
even better • • •  the Audio Forum • . .  over 100 
authoritative reviews of the latest record 
releases (from Scarlatti to Satchmo) • . .  the 
popular "Discographies" • • • plus articles 
about (and often by) the great men of music. 

SPECIAL $1 
INTRODUCTORY OFFER 

Find out for yourself why HIGH FIDELITY 
circulation is at an all time high. Send $1 for 
a special three·month subscription (regular 
single·copy price : $1.80). 
Thi. offer i. limited • • • • 0 
fill out and mail the (ou· 

while it'. before you! 

High JidelftlJ 
o-n_ 

2645 Publishing House • Great Barrington. Mass. 

Please enter my HIGH FIDELITY subscrip· 
tion at the special rate of 3 months for only 
$1. My dollar is enclosed. (Offer good only 

in U. S. and Canada.) 

Name ____________ _ 

Address 

City_, ____________ _ 

Zone State' _______ , 
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screws for 
tilting grating 

solay 
ima�c; 

film 
holder 

ruled dred. 
of grating 

'--

ddjustments 

cdlibrdtcd dial 
for orientdting 

rating 

Details 0/ the spectrograph assembly 

cient for spectroscopic work as the glass 
prisms more commonly used in commer
cial instruments. Certified precision 
gratings sell at about a tenth the price 
of originals; they cost from $ 100 to 
$ 1,800, depending upon the size of the 
ruled area and the density of the rulings. 
Replicas of lesser quality, but entirely 
adequate for amateur use, can be pur
chased from laboratory supply houses 
for approximately $5 to $25. 

"The remaining parts of the Ebert 
spectrograph-mirror, cell, tube, slit and 

film holder-should cost no more than 
an eight-inch Newtonian reflector. De
pending on where you buy the mate
rials, the entire rig should come to less 
than $100. By begging materials from 
all my friends, and keeping an eye on 
the Linde scrap pile, mine cost far less. 

"There is nothing sacred about the 
design of the main tube and related 
mechanical parts. You can make the tube 
of plywood or go in for fancy aluminum 
castings, depending upon your pleasure 
and your fiscal policy. If the instrument 
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REPUBLIC KNOWS HOW 
TO FIT AN ENGINEER 
WITH AN OPPORTUNITY 
•• • how to select an advanced aircraft assignment 

that utilizes an individual engineer's 

professional know-how and creative talents 

to the best advantage of the man and the company 

•• • AT REPUBLIC AVIATION we don't shove an engi
neer into a particular "slot," just because an opening 
exists, without regard for his individual interests and 

capacities . 

• . .  when a project is completed, we never push the pro

fessional staff "on to the strcet." I nstead, we plan ahead 
and have jobs ready for them. In fact, in the last decade, 

not a single engineer or scientist has been dropped at 

this company for lack of a suitable assignment. 

• • .  when we hire a man at Republic, we like to think 
it's "for keeps" if his work equals our expectations. 

Republic Aviation can follow this policy because we've 

been expanding for 25 years, not only in the design, 
development and production of advanced aircraft, but 

in the missiles field as well. A growth record like this is 
the best assurance of job permanence an able man can 

have. 

Proud as Republic men are of our many pioneering 

achievements in aircraft design, such as the F-84 Thun
derjet, F-84F Thunderstreak, RF-84F Thunderflash

and the incredible new F-I05 and F-I03, there's no 
temptation to rest on past laurels here. In the highly 
competitive aircraft industry, it's always the future that 

counts. 

This means that new openings are continually being 

created at Republic for professional men with sound 

technical knowledge and creative ideas. 

And Republic has a salary scale and benefits program 
that is a model for the industry. 

POSITIONS OPEN AT ALL LEVELS IN: 

Aerodynamics • Systems • Propulsion • Operations Research • Dynamics 

• Stress • Controls • Electronics • Staff Engineering • Electromechanics • 

Flight Test • Research • Thermodynamics • Flutter & Vibrations • Weights 

Weapons Systems Analysis Servo Airframe & Mechanical Design • 

Analog Computers Antennae Controls Systems Instrumentation 

An important adjunct to a Republic job is life on Long Island, fabulous playground of the East Coast. 

Please address complete resume outlining details of your technical background to: 
AIRCRAFT: 

Engineering Personnel Manager 

Mr. D. G. Reid 

Farmingdale, Long Island, N. Y. 

M ISSI LES: 

Administrative Enginee�' 

Mr. R. R. Reissig 

Hicksville, Long Island, N. Y. 
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Interested in Astronomy? 
YOU NEED THESE 

Sky pu"lication� 
Sky and Telescope 

The largest astronomical magazine in the 
world. Profusely illustrated, each month's 
issue contains articles by leading astrono
mers, observing and telescope-making de
partments, star and planet charts. and book 
reviews. Subscription-V. S. and posses
sions: $5.00, one year; $9.00. two years. 
Canadian and foreign rates on request. Send 
check or money order, or \\Tite for a sample. 

The History of the Telescope 
By Henry C. King. Widely acclaimed as a 
major contribution to the history of science, 
this book is the first to tell the full story of 
the telescope. 456 pages; 196 illustrations. 

$[2.50 postpaid 

Making Your Own Telescope 

By Allyn J. Thompson. Like thousands ·of 
others, you can make your own high-quality 
6-inch reRecting telescope. following the 
step-by-step instructions in this unique book. 
Your instrument will collect 1,000 times as 
much light as the unaided eye and magnifica
tions up to 250 times can be used on the sun, 
moon, planets. stars and galaxies. 211 pages. 
98 figures. and 6 plates. $-\.00 postpaid 

Write for free circulars describillg 
all SKY PUBLICATIONS. 

SKY PUBLISHING CORPORATION 
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313 Harvard Observatory 

Cambridge 38, Massachusetts 

is to be mounted alongside the telescope. 
however, weight becomes an important 
factor. The prime requirement is suffi
cient rigidity and strength to hold the 
optical elements in precise alignment. If 
the spectrograph is to be used for labora
torv work such as the analvsis of miner
als : sheet steel may be used to good ad
vantage. For astronomical work you are 
faced with the problem of balancing 
rigidity and lightness. Duralumin is a 
good compromise in many respects. Iron 
has long been a favored material for the 
structural parts of laboratory spectro
graphs because its coefficient of expan
sion closely approaches that of glass. 
\\Then mirrors are made of Pyrex, an es
pecially tough cast iron known as mee
hanite has been used to counteract the 
effects of temperature variation. 

"The optical elements of my instru
ment are supported by a tube with a 
length of 45 inches and an inside diame
ter of 8J4 inches [see drawing on page 
262]. The walls of the tube are a six
teenth of an inch thick. The eight-inch 
spherical mirror has a focal length of 45�8 
inches. The grating is two inches square; 
it is ruled with 15,000 lines per inch. 
The long face of the saw-tooth groove is 
slanted about 20 degrees to the plane of 
the grating. The width of each groove 
is 5,000 Angstrom units, or about 20 
millionths of an inch. Such a grating will 
strongly reRect waves with a length of 
10,000 A., which are in the infrared re
gion. The grating is said to be 'blazed' 
for 10.000 A. A grating of this blazing 
will also reRect waves of 5,000 A., though 
less strongly. These waves give rise to 
'second-order' spectra which lie in the 
center of the visible region: the green. 
In addition, some third-order spectra 
occur; their wavelength is about 3,300 
A. Waves of this length lie in the ultra
violet region. 

"The angle at which light is reRected 

3934 3968 

Sunspot in the fourth spectral order 

Billy 
Eagle 
Wing's 
Last 
Stand 

Billy is olle of Alllerica's forgotten chil
dren. He is a Navajo indian, an innocellt 
victilll of lIeglect alld denial of opportunity. 
As a youth of !Iille, he already faces prob
lellls other boys alld gi.-ls do not !mow 
about. His clothes a're tattered alld patched 
-he has 110 warm coat, 110 stltrdy shoes. H·is 
health is fair 1I0W, bu.t bitter cold weather 
fillds him vulllerable to disease. 

His father. a hard-working sheep-herder, 
ekes out a meager living on the reservation 
for the family. Father and mother have high 
hopes for Billy's future, for a life with op
portunity and usefulness. But they can do 
nothing for Billy to give him a chance. 

This is Billy's last stand against the pov
erty and misery that surround him and dark
en his future. As a native American and in
heritor of a glorious tradition, he deserves a 
chance to live and become a useful citizen. 

HOW YOU CAN HELP 
You can help Billy or another needy 

Navajo child through the Child Sponsor
ship Plan of SAVE THE CHILDREN 
FEDERA TION. For just $8 a month, $96 
a year, you will provide "your" child with 
funds to buy warm clothing. sturdy shoes and 
other needed items. 

You will receive a case history. like the 
story of Billy Eagle Wing, and a photo
graph. You may correspond with "your" 
child. so that your generous material aid be
comes part of a larger gift of understanding 
and friendship. 

Your contribution in any amount will help. 
SCF NATIONAL SPONSORS (a partial list) 

Faith Baldwin, Mrs. Dwight D. Eisenhower, 
Herbert Hoover, Henry R. Luce, Rabbi 
Edgar F. Magnin, Norman Rockwell, Dr. 
Ralph W. Sockman. 
r-------------------·-----� 

Established 1932 

SAVE THE children FEDERATION 
"The llOpeof tOlllorrowis the child of today" 

Carnegie Endowment International Center. 
United Nations Plaza, New York 17, N. Y . 

• I would like to sponsor a Navajo child for 
one year. T will pay $9(; for one year. En
closed is payment for the full 'year O. $24 for 
the first Quarter O. $8 for the first month O. 
Please send me the child's name, story and 
picture. 

• T cannot sponsor a child, but I want to 
help by gidng $ .... 

Xame 

Address 

City.. . ....... Zon • ..... SI.I ............ SA-14 
CQt,lribulio,JS are deductible 

for i"come lax purposes. 
�-------------------------� 
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ENGINEERS 
PARTS APPLICATION 

(Reliability) 

ME or EE degree with design ex

perience and/or application ex
perience. Job will be to recom
mend types of parts to be used 
and how these parts shall be used. 

Qualified men will become a vital 
part of a Reliability Group. 

GM 
INERTIAL GUIDANCE 
SYSTEM PROGRAM 

• ELECTRONICS DIV., 
Milwaukee 2, Wis. 

Enjoy Challe�ging Opportunities in the 
most versatile Laboratories in the country. 
Work with the top men in the field and 
with the finest test, research and develop
ment facilities. We are in the process of a 
Major, Permanent, Expansion Program. 
New Plant facilities being added in sub
urban Milwaukee area. 
To aid you in your professional advance
ment AC will provide financial assistance 
toward your Master's degree. A Graduate 
Program is available evenings at the Uni
versity of W isconsin, Milwaukee. 
GM's Electronics Division aggressive posi
tion in the field of manufacture and GM's 
long-standing policy of decentralization 
creates individual opportunity and recog
nition for each Engineer hired. 

Recent EE,ME 
Graduate Inquiries 

Also Invited 
Milwaukee offers ideal family living in a 
progressive neighborly community in cool, 
southern Wisconsin where swimming, boat
ing, big league baseball and every shopping 
and cultural advantage is yours for the 
taking. 
To arrange personal, confidential interview 
in your locality send full facts about your
self toda y to 

Mr_ John F. Heffinger 
Supervisor of Salaried Personnel 

from the grating depends upon the 
length of its waves. The long waves are 
bent more than the short ones; hence the 
long and short waves are dispersed. A 
grating blazed for 10,000 A. will dis
perse a 14.5-A. segment of the first-order 
spectrum over a millimeter. My instru
ment thus spreads a 2,200-A. band of 
the spectrum on a six-inch strip of film. 

"The film holder of my spectroscope 
is designed for rolls of 35-millimeter film. 
Light is admitted to the holder through 
a rectangular port six inches long and 
four tenths of an inch wide. By moving 
the holder across the port, it is possible 
to make three narrow exposures on one 
strip. This is a convenience in arriving 
at the proper exposure. The exposure 
time is estimated on the basis of past 
experience for one portion of the film; 
the interval is then bracketed by dou
bling the exposure for the second por
tion and halving it for the third. 

"The most difficult part of the spec
trograph to make is the yoke which sup
ports the grating. Much depends on how 
well this part functions. It must permit 
the grating to be rotated through 45 de
grees to each side, and provide adjust
ments for aligning the grating with re
spect to the mirror. The ruled surface 
must be located precisely on the center 
line of the yoke axis, preferably with 
provision for tilting within the yoke so 
that the rulings can be made to parallel 
the axis. In my arrangement this adjust
ment is provided by two screws which 
act against opposing springs, as shown 
in the drawing on page 264. The pres
sure necessary to keep the grating in the 
parallel position is provided by four 
springs located behind it. Two leaf 
springs, one above the other, hold the 
grating in place. The assembly is sup
ported by an end plate from which a 
shaft extends. The shaft turns in a pair 
of tapered roller-bearings which, to
gether with their housing, were formerly 
part of an automobile water-pump. A 
Bange at the outer end of the housing 
serves as the fixture for attaching the 
yoke assembly to the main tube. It is 
fastened in place by two sets of three 
screws each, the members of each set 
spaced over 120 degrees around the 
Bange. One set passes through oversized 
holes in the Bange and engages threads 
in the tube. These act as pull-downs. 
The other set engages threads in the 
Bange and presses against the tube, pro
viding push-up. Adjusting the two sets 
makes it possible to align the yoke axis 
with respect to the tube. 

"The shaft of the yoke is driven by a 
single thread, 36-tooth worm gear that 
carries a dial graduated in one-degree 

fngineers 

Here's a challenging 

piDkuJY 
for your career 

Air pick-up equipment, tow-target 
-reels and air-sea rescue devices, uni
versal landing gear equipment, energy 
absorption mechanisms - put them all 
together and you have a picture of the 
challenging, stimulating developments 
at All American. 

These and many other projects typify 
All American's original, inventive ap
proach to tough problems - and, point 
the way to big, interesting futures for 
you Aero and Mechanical Ellgilleers. 

Want to grow with a young, dynamic 
and successful engineering and devel
opment company? Then, drop a line right 
away to Ray Janney, Chief Engineer. 

OU'ONT AIRPOU · WILMINGTON. DELAWAIE 
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If you are a qua l i f ied eng ineer  in any of 

numerous f ie lds  and are l ooking for new and 

cha l l enging opportun it ies ,  a good-pay ing 

pos it ion with an  assured future awaits  you in 
Southern Ca l iforn i a  at Northrop Aircraft, I nc. 

Here you can apply your  ta l ents in fast· 

growing jet a i rcraft and gu ided miss i l e  

research , development,  and production 

p rograms.  For 1 6  years Northrop has p i oneered 

i n  these d ramat ic f ie lds .  Today, u n l i m ited 

opportun it ies  sti l l  exist at Northrop in  a l l  

phases of manned and unmanned fl ight. 

Where bette r cou ld  you be ,  and �, than with 

a p ioneer ? You can work on many interesting 

p rojects among fr iend ly associates in  a 

stream l i ned organ izat ion ,  with ever·new 

assignments that w i l l  g ive your  ab i l ity ful l  p lay. 

Too, you can l ive in Southe rn Ca l iforn ia ,  where 

c l imate,  sea,  mounta ins and desert combine to 

give new zest to l ife.  

For compl ete information about the many 

career posit ions now avai l ab l e  at North rop, we 

invite you to contact the Manager of 

Engineer ing Industr ia l  Re lat ions,  Northrop 

A i rcraft, Inc. ,  1010 East Broadway, Hawthorne, 

Ca l iforn i a .  Te lephone ORegon 8-9 1 1 1 ,  
Extens ion 1893. 

NORTHROP AIRCRAFT, INC. 
Producers of Scorpion F-89 Long-Range I nterceptors 
and Snark SM-62 I ntercont inental Miss i les. 

steps. The worm engaging the gear also 
bears a dial, graduated in 100 parts, each 
representing a tenth of a degree. The 
arrangement is satisfactory for position
ing spectra on the ground glass or film 
but is inadequate for determining wave
lengths. 

"All plane gratings should be illu
minated with parallel rays. Hence the 
entrance slit and photographic plate 
must both lie in the focal plane of the 
mirror. Small departures from this ideal 
may be compensated by moving the mir
ror slightly up or down the tube. 

"The spectral lines of the Ebert spec
trograph are vertical only near the zero 
order and tilt increasingly as the grating 
is rotated to bring the higher orders un
der observation. The tilting may be com
pensated by rotating the entrance slit in 
the opposite direction while viewing the 
the lines on a ground glass or through 
the eyepiece. The effect is aggravated in 
instruments of short focal length. 

"The cell supporting the mirror, and 
its essential adjustments, are identical 
with those of conventional reflecting 
telescopes. If no cell is provided and the 
adjustment screws bear directly on the 
mirror-which invites a chipped back
then no more than three screws, spaced 
120 degrees apart, should be used. This 
is particularly important if the screws 
are opposed by compression springs; 
more than three will almost certainly re
sult in a twisted mirror. 

"The film magazine is equipped with 
a 48-pitch rack and pinion, purposely 
adjusted to a tight mesh so each tooth 
can be felt as it comes into engagement. 
It is this arrangement that makes it pos
sible to move the film along the exposure 
port and make three exposures on each 
strip of film. Lateral spacing during the 
racking operation is determined by 
counting the meshes. Although the mag
azine accommodates standard casettes 
for 35-mm. film, it is not equipped with 
a device for counting exposures. I merely 
count the number of turns of the film 
spool and record them in a notebook. 

"The back of the magazine is provided 
with a removable cover so that a ground 
glass may be inserted as desired. It also 
takes a 35-mm. camera, a convenience 
when interest is confined to a narrow 
region of the spectrum such as the H and 
K lines of calcium or the alpha line of 
hydrogen. The back may be changed 
over to an eyepiece fixture which may 
be slid along the full six inches of spec
trum. This arrangement provides for a 
visual check prior to making an expo
sure; it is especially helpful to the be
ginner. 

"Care must be taken in illuminating 
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U N U S U A L  
S PITZ 

MOONSCO PE 
A precision-made 32 power reflecting 
telescope-by the makers of Spitz Plan
etarium. Clearly reveals the cratcl's of 
the moon, shows Saturn, Jupiter, other 
wonders oC the heavens. Based on same 
principles as world's giant telescopes. 
Stands 36" high on removable legs. Ad· 
justable 3" polished and corrected mirror. 
Fork type AIt-Azimuth rotates on full 3600 
circle-swings to any location in the sky, 
Fascinating I S-page lnsh'uetion book is in
cluded. Instrument packed in sturdy carry
ing case. 

Stock No. 70. 068·S . . . . . . . .  $ 1 4 . 9 5  Pstpd. 

Take Telephoto 

Shots Thru 

7 X 50 
MONOCULAR 

T h i s  i s  fi n e  Quality, Am erican m a d e  instrument-war 

surplus ! Actually % of U . S ,  Gavt. 7 x 50 Binocular. Used 

for general observation both day and night and to take 

fascinating telephoto shots with your camera. Brand new. 

$95 value. Due to Japanese competition we close these out 

a t  a bargain prIce. 

Stock No. 5 0 . 003-S . . . . . . . . . . . . . . . . . . . . . . . . . .  $ 1 5 . 0 0  Pstpd. I'IJ U LTRA H IGH POWER 

. �� m�t �,�Sl,� I�����n���nd 
.. 

miles away. Excepti onally large objective 
Lenses-almost 2'h" diam eter-provide amaz-

ing light-gathering Qualities-bright. crystal clear, 

sharply defined viewing. Individual focus eyepieces . 

Leather case and neck strap included. Mfgd. by a high 

grade producer in Japan-a domestic counterpal't would 

cost several times the price. Full moneY-back guarantee. 

Stock # 1 536·S . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $75.90 Pstpd. 

N EW !  S T A T I C  E L E C T R I C I TY 
G E N E R A TO R  

BUILD A SOLAR ENERGY FURNACEI 
A fascinating new field. You can build your own 
Solar Furnace foJ' experimentat ion-many prac-

tical uses. It's casy-inexpen-� sive. \Ve furnish instruction 

: sheet. This sun powered furnace 
, will generate telTific heat-pro-

. 
duces many unusual fusing ef-
fects. Sets paper aflame in sec-

\ 
onds. Order these components : 

. . , Stock #80 . 040-5 Fresnel Lens.  
s i.e 1 1 '/. " . 1 6 1;'''-f. l .  1 9" .  

$3. 5 0  Postpaid 

50-150-300 POWER MICROSCOPE 
L o w  P r i c e  Y e t  Suitable f o r  Classroom U se !  
3 A c h romati c  O bject i ve Lenses on R e 
vol v i n g  T urret ! Im ported I The color-cor
rected, cemented achrom atic lenses in the 
objectives gIve you far superior results to 
the single lenses found in the III icroscropes 
selling for $9.95 ! Results are worth the 
difference ! Fine rack and vinion focusing. 

Stock No. 7 0 . 008-S .... $ 1 4.95 Pstpd . 

MOUNTED 500 POWER OBJECTIVE 
. . . Threaded for easy attachment on 

above microscope. Achromatic lenses fOI' 
fine viewing. 3 mm. focal length. 

Stock #30 . 1 97·S . . . . . . . . . .  $ 5 . 0 0  Pstpd. 

O P T I C A L  B A R G A  I N S  
6 "  R E F L E C T I N G  T E L E S C O P E  

Complete with heavy duty equatorial mounting and 
tripod. Tripod has cast a luminum h ead and rugged 
wooden Jegs for stability. ( F olds for storage . )  EQua 
torial mount has 1" diameter shafts with Boston B ronze 
Bearings. 5 lb. counterweight for perfect balance. 
Locks on both declination and polar axis. Polar axis set at ��.-'�(II.i;�� 4 0 ° ; latitude adjustment made with tripod legs. Black crinkle finish 011 
mount. Telescope tube made of aluminum ; white enamel finish on outside. 
Hack anrl pinion focusing eyepiece mount. 7X Achromatic finder with cross
line reticle. 6" Pyrex ParaboJic mirl'or-4S" F.L. ( f/8 ) . . .  aluminized 
Ilnd ovel'coated-guaranteed to give theoretical limit 01' I'esolutinn, Minor 
m ount machined cast a luminum. Kellner Eyepiece gives you 40X and a 
G oto combination eyepiece gives 60X and 1 2 0X. A Barlow lens is included 
to give l50X and 300X. Shipping weight 7 5  lbs. 
Stock No.  85. 024-S .. . . . . . . . . . . . . . . . . . . . ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $24 5 . 0 0  f . o . b .  

Check, Measure, Inspect with this 
6 POWER POCKET COMPARATOR 

Measures Linear Dimensions. Angles. Radii.  
Circles in both decimal inches and mms. 

For fast accurate inspection and direct meas urement of small 

parts. Used to check layouts.  m achining on tools,  dies, 

gauges ; to check threads. chamfers. wear on cutling tool s .  

small hole s ,  width of spectrograph lines ; to check s i z e  o f  

holes in castings. of g r i t  a n d  grain, halftone dots, etc. 

Stock No. 30 .061 ·S . . . . . . . . . . . . N EW lOW P R I C E  

$ 1 9 . 5 0  Pstpd.  
Illuminator for above comparator. Stock N o .  50,076-8 S7.95 

S P I T Z J R .  P L A N E T A R I U M  
One of the Greatest Scientific Toys We Have Ever Offered ! 

Des igned by Armand Spitz. world- famous m aker of the Spitz Planetarium. Projects 
nearly 400 stars. more than 70 constellations in their correct relationships, Usc it in 
any darkened room of the house. project i t  on the ceiling. No batteries. works on or
dinary household current. Two simple adjustments that show you the sky as it apl)earS 
from any ))oint i n  your hemisphere . . .  for any montJh of the yea r !  Rheostat control for 
hrightness.  3 2 - page book included free of extra cost. Contains valuable infonnation 
about the stars. provides easy identification of the constellations. About 14" high on a 7" 
bafle. l)rojectlon sphere 7" diameter. Weight 3 lbs. 

Stock No. 70. 040·S . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . • . . . . . . . . . . . . . . . . . . .  $ 1 4 . 9 5  Postpaid 
SKY ZOO P R O J ECTO R fits above planetari um. 
Stoek No. 70.059·5....... . ....................... . .......................... ..................... . .... . .  $3. 98 Pstpd. 

. . .  See the Stars. Moon.  Pla nets Close U p !  

ASSEMBLE A BIG 1 00 POWER 3" REFLECTING TELESCOPE 
. . .  with this Complete 87 .. Piece " Do .. l t·Yourself" Kit 

Get Ready to See the Artificial Satellite" 
��et!'���Yele��i��� 1 i����foh��.

i�i� 1��f�es
a�s"el?�6�iu�fntz':id 

IfJu�v6;�V:l�c�t;,�i�:!stl\�:�ror4��:l:�8��fo��an�f�o

o�����E�E 
heavy wall,  black Tel All nuts and bolts supplied. 

�ri'��gto
e�!��l!� ��ia'

il
O

r to thC�r�U��r
J l�?; ¥�J �s

nfs�a� 
Photog raphers! This Is an actual photograph 
of the moon taken through our Astronomical 
Telescope by a 1 7 -year-old student. 

scope can also be used t lally . Money-back guarantee. Ship-
ping weight. 10 lbs. 

Stock No.  85 . 025·S . . . . . . . .  $29.50 f.o.b. Barrington. N. J. 

MAKE YOU R OWN POWERFU L  
ASTRONOM ICAL TELESCOPE 

G R I N D  YOUR OWN ASTRONOM ICAL M I RROR 

C o m p l ete Kits I n c l u d i n g  Blank,  Too l  a n d  A b rasives 

.\ II over America amateurs are grinding their 
own mirrors and making expensive Telescopes 
cheaply. You can do the same using our Kits. 
These contain mirror blank, tool, abraSives, 
diagonal mirror and eyepiece lenses. You 
build instruments ranging in value from $245.  
to thousands of dollars. 

Newl 2 In I Comblnatlonl Pocket-SI.e 
50 POWER MICROSCOPE 

and 1 0  POWER TELESCOPE 

fli 
ONLY 
$4.50 

ppd . 

Useful Telescope and Mi
croscope combmed in one 

precision instru-�§��,
:
.

-!O�po

�
�i'·�t.edf�

:

'

! 
���'���1�: 

SCOpe magnifies 5 es. Sharp 

rgg�Tn�t :ry
s�a

a�feOb�:�g: ��st
SP;[i� 

snooping. 
Order Stock #30.059-5 . . . .  $4.50 ppd . 

5end Check or M . O .  
Sati sfacti o n  G uarantee d !  

Stock No.  
70.003-5 
70. 004·5 
70.005-5 
70.006-5 
70·007·5 

Dia. M irror Thickness Price 
4'/'" '"," 
6" I " 
8" P/," 

1 0" p"," 1 2" 2 '/'" 

$ 7 . 2 0  postpa id 
1 1 .40 postpaid 
1 8. 7 0  post p a i d  
29.45 postpa id  
5 1 .45 postpaid 

WRITE 
FO R FREE CATALOG-S 

H u g e  s e l e ction of l e n ses,  prisms,  w a r  s u r p l u s  

o pti c a l  i n strume nts, pa rts a n d  accessories.  Tele

scopes,  m i c roscopes,  b i n o c u l a rs.  Hand spectro

copes,  reti c l es,  m i rrors,  Ron

c h i  r u l i n g s ,  dozens of oth e r  

ha rd-to-get opti c a l  items. 

America ' s  N o .  1 source of 

s u p p l y  for Photog ra phers,  

H o b byists. Telescope M a k

e rs, etc. 

Ask for cata log S 

O R D E R  B Y  S T O C K  N U M B E R . S E N D  CHECK OR M O N E Y  O R D E R . S A T I S F A C T I O N  G U A R A N T E E D !  . . ••• , 

E D M U N D  S C I E N T I F I C  C O R Pu B A R R I N G T O N ,  N E W J E R S E Y 
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YtWM - the ONE 4" Reflector 
Telescope Now Used and Approved 

PROOF OF SUPERIORITY 
( O n  R e q u e s t - a  L i s t  o f  
Great I nstitutions N o w  Us
i ng the 4" O Y NASCO P E )  TEST IMON IALS : 
FROM AN OBSERVER 
O n  c l e ar " g o o d - s ee i n g "  
n i gh t s  m y  O y n as c o p e  
easily reyeals the Al p i ne 
Valley and the Straight 
Wall on the Moon.  It will  

show three peaks i n  the 
floor of the Plato crater. 
It w i l l  s pl i t  the star M i zar 
i nto i ts major components 
clearly. It w i l l  separate 
Saturn's r i ng and show s i x  
bands o n  t h e  face of J u p i 
ter. Also i t  w i l l  project a 
two -foot d i a m eter disk of 
the sun showi ng sunspots 
in v i v i d  detail • • •  As an 
Englishman m i ght express 
it. H O ynascope optics are 
a l i tUe bit of alright." 
- V I CT O R  W. K I L L I C K .  
I n  Charge o f  Astro n o m i cal 
O bservatory. S a c r a  m e  nto  
J u n ior ColleQe,. Cal if.  

by Over 40 E) 

Colleges ! 
the famo us 

DYNASCOPE@ 
COMPLETE $4995 

f o r  on ly 
F .O .B . Hartford, Conn . 
Shipping WI. 16 Ibs. 
Express Charges Co l l ect MANY YEARS EXPERI ENCE 

• . •  I have had many yeal's 
experience in astronomy. 
and as J un i o r  Leader here 
in Atlanta I always rec 

o m m e n d  Dynascope. 
- L EO N A R D  B .  A B B E Y .  
Jr . •  D ecatur. G a .  

H I G H EST POWER ond P R EC I S I O N  
- ot LOWEST P O S S I  B L E  COST ! ADVANCED FEATURES 
Used, approved and recom· 1 ) 4·INCH PARABOL I C  M I RROR-a lum in i zed mended by more schoo ls , and z i rcon quartz for longest l i fe ! 
�;��;����r;
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���:� 2) 3 ACHROMAT IC EYEP IECES-65X 

te lescope at the ' price any. Huygens , L30X and 167X Ramsdens !  
CANNOT BE  EQUALLED  
I sti l l  d o n ' t  s e e  h o w  you 
can produce a parabol i c  
m i rror of this fo.cal ratio  
at the price • . •  Epsilon 
Lyra was q u i te easy . . •  
o n  the 1 30 power ocular.  
I was more than pleased 
when i t  resolved these four 
stars as four ti ny. sharp. 
br i l l i a n t  g e m s  • • •  a n d  
each t i ny d isc was sharp 
and round.  with the d i f ·  
fracti o n  r i ngs concentr i c  
and sharp • 

where !  You ' l l  agree over 40 3) RACK & P I N I ON  Focu s !  
co l leges can ' t  be wrong! 4 )  4-POWER Achromatic F I NDER SCOPE !  

The  4" parabo l ic  mi rror 5) Combinat ion Equator ia l & Alt-az imuth gives you 1/3 more l ight than MOUNT with free-moving Pol1lr Axis ! any 31/2" m i rror ! Gives you 6) BAKEL ITE TUBE! 
��u1��gte ni:!'�Fa�

s 
��':it�: 7) 4·PO I NT  Tube Suspens i on !  
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finest doubles ! F i n i shed to most exacting specifications-guaranteed to 
perform to Dawes' l im i t  for its s ize ! . • . For the price you 

ask. • do not bel i e.ve that 
it can be equalled in any 
way. The o c u l a r s  are 
excellent. and the entire 
i nstrument shows careful 
workmansh i p .  How you do 
it is  beyond me.  

Comes to you COMPLETE-noth ing e lse to buy, no extras ! You take no 
r isk . We UNCOND IT I ONALL Y GUARANTEE DYNASCOPE to give you absolute 
satisfact ion-or your money back. Prompt de l i very now. Send check or 
money order today ! Manufactured And Sold Only By 
D E P T. DSA6 C R I T E R I O N  M A N U F A C T U R I N G  C O .  

- G .  N. J O H NSTO N E, 
Albuquerque. N. M .  

GIANT "3" inch TELESCOPE 
FLAME-V I EW I N G  

P E R I SC O P E S  .}-��:- :� . .  : : : : : : : -:: : : � :. ::.- 5;0' 

Designed and built to fit 
yo u r  t e s t  c e ll  n e e d s. 

,,Apertures to 4 i n c h e s .  
Wiele fields. B u ilt  to with-

stand heat and velocities ,'%c 

of the application. Refer-

en ces as to present func-

tioning periscopes given 

on request. 

We would welcome the 
o p p o r t u n i ty of bidding 

\. , 
on you r  speciflc.ations. 

l� E R S O N  O PT I C A L  C O. ,  I n c . 
O C E A N  S P R I N G S ,  MISS I SS I PP I 
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postpaid $57.50 
NEW ! !  JUST O F F  ASSEMBLY LI�E ! !-I\"e'i'er before 
has anything like this been offered at so Iow a price. Here is  
another example of American Ingenuity. Big 3" diameter 
Achromatic Coated Obj ective. which will give needle- sharp 
clear images. ]'ocusing is a delight with the Micrometer 
Spiral li'ocusing Draw Tube. Light weight aluminum con
struction throughout. black crackle finish, length open 22", 
closed 1 5 th " .  Telescope gives an upright image. The ideal 
telescope. WONDERFUL for astronomy, SUPERB for long 
distances, EXCELLENT spotting scope, 

MOUNTED A IR  SPACED O BJECTIVES 
"Ie o ff e r  t h e  lowest priced a i r  spaced hand-cor
rected American made astronomical objectives 
M o u nted i n  B lack A n o d i zed A l u m i n u m  C e l l s .  
DIA. F.L. PRICE 
3 V4" 48" Not Coated . . . . . . . . . . . . . . . . . . .  $28.00 
3V4" 48" Coated . . .  32.00 
4Vs" 62" Not Coated.  60.00 
4Vs" 6 2 "  Coated. .  69.00 
W e  can supply A L U M I N U M  T U B I NG for the above lenses. 

"BIG" LENSES 
Our selection of diameters and focal lengths is  the largest 
in the United States a\'aUable for immediate delil'ery. Per
fect magnesium fluoride coated and cemented acromatic 
telescope objectives. Aluminum tubing and cells available 
for lenses listed below. Send for com plete l ist of other 
di ameter and focal lengths. 

D iam eter 
54m/m ( 2 .,. " )  
5 4 m / m  ( 2 .,. " )  
5 4 m / m  ( 2 .,. " )  
5 4 m / m  ( 2  Vs " )  
54m/m ( 2 .,. " )  
7 8 m / m  ( 3r.") 
8 l m/m ( 3t.") 
83m/m ( 3 '4, " )  

I l 0 m/m ( 4 % " ) ' 
I l 0 m/m ( 4 % " )  
1 28 m / m  ( 5w" ) '  
1 2B m / m  ( 5r." )  
. Not Coated 

Focal Length Each 
254m/m ( 10 " )  . . . . . . . . . . . . . . . .  $ 1 2 . 50 
390m/m ( 15 .356")  . . . . . . . . $ 9 . 7 5  
622m/m ( 2 4 % " )  . . . . . . . . . . . . $ 1 2 . 50 

1 0 1 6 m/m ( 4 0 " )  . . . . . . . . . $ 1 2 .50 
1 270m/m ( 50" )  . . . . . . . . . $ 1 2 .50 
38 1 m/m ( 15 " )  . . . . . . . . . . . . . . . $ 2 1 .00 
622m/m ( 2 4 % " )  . . . . .  $22.50 

1 0 1 6 m/m ( 4 0")  . . .  . .  . . . . . .  $30.00 
1 069m/m ( 4 2",," )  . . . . . . . . . . .  $60.00 
1 069m/m ( 42"".' ) . .  $67.00 
628m/m ( 2 4 %. " )  .$75.00 
628m/m ( 2 4 %.")  .$85.00 

[ Free Catalogue " M I L L IO N S "  of Lenses. etc. 

We pay the P O STAG E-C . O . D . ' s you pay ' postage-Sat i sfaction 
guaranteed or money refunded i f  ret urned within 10  days. 

A .  J A E G E R S  t9��B�OOiK� ���� 

the slit. If the spectrograph has a focal 
ratio of f /20 ( the focal length of mirror 
divided by the effective diameter of 
grating ) ,  the cone of incoming rays 
should also approximate f/20 and the 
axis of the cone should parallel the axis 
of the mirror. The slit acts much like the 
aperture of a pinhole camera. Conse
quently, if the rays of the illuminating 
cone converge at a greater angle than 
the focal ratio of the system, say f / 10, 
they will fill an area in the plane of the 
grating considerably larger than the area 
of the rulings. Light thus scattered will 
result in fogged film and reduced con
trast. Misalignment of the incoming rays 
will have the same effect, though per
haps it is less pronounced. Baffles or 
diaphragms spaced every three or four 
inches through the full length of the 
tube will greatly reduce the effects of 
stray light, such as that which enters the 
slit at a skew angle and bounces off the 
back of the grating onto the film. The 
diaphragms must be carefully designed, 
however, or they may vignette the film. 

"The components are assembled as 
shown in the drawing on page 264. The 
initial adjustments and alignment of the 
optical elements can be made on a work
bench. An elech'ic arc using carbons en
riched with iron, or a strong spark dis
charge between iron electrodes, makes 
a convenient source of light for testing. 
The emission spectra of iron have been 
determined with great precision, and the 
wavelengths of hundreds of lines extend
ing far into the ultraviolet and infrared 
( from 294 to 26,000 A. ) are tabulated 
in standard reference texts. Beginners 
may prefer a mercury arc or glow lamp 

. because these sources demand less at-
tention during operation and emit fewer 
spectral lines which are, in consequence, 
easier to identify. The tabulations, 
whether of iron or mercury, are useful 
for assessing the initial performance of 
the instrument and invaluable for cali
brating comparison spectra during its 
subsequent use. 

"Recently I have been concentrating 
on the spectroscopic study of sunspots. 
To make a spectrogram of a sunspot you 
align the telescope so that the image of 
the sun falls on the entrance slit. The 
objective lens of my telescope yields an 
image considerably larger than the slit. 
The image is maneuvered, by means of 
the telescope's slow-motion controls, un
til a selected sunspot is centered on the 
slit, a trick easily mastered with a little 
practice. The spectrum is then examined 
by means of either the eyepiece or the 
ground glass. The spot is seen as a nar
row streak which extends from one end 
of the spectrum to the other. The ad-

r 
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Operating room conditions for 

Inertial Instrument Development Engineering 
T h e  w o r k i n  t h i s  5 0 0 0  s q u a r e - f o o t  r o o m  a t  
AUTONETICS i s  surgical in its precision, clinical i n  its 
standards of cleanliness_ Here are assembled the pre
cise mechanisms devised by the engineers and physi
cists engaged in the new field of INERTIAL NAVIGA
TlON SYSTEMS_ Among the units are highly-specialized 
types of Gyros and Accelerometers as delicate as a 
livin,g organism_ 

Each cubic inch of air in this room contains fewer 
than 6 dust p articles whose diameter exceeds 0 _ 3  
micron_ Temperature variation i s  held t o  plus or minus 
1 0 ;  humidity to less than 50 % _  AUTONETICS provides 
these ideal conditions, comparable with the standards 
attained in primary laboratory instrument work, to 
insure optimum results in the function of the tiny com
ponents, so painstakingly designed_ The men who create 
them are reaching the highest levels of professional 
skill, as they obtain definitive answers to the problems 
of miniaturization and reliability under environmen
tal extremes_ 

This facility is soon to be doubled_ The hitherto 
unpublicized program is already ahead of the rest of 
the field. Prime need of the current expansion is for 

men who can make a creative contribution. 
You Can Participate In This Work. Act Now : 
Here are the fields in which your individual contribu
tion can bring you distinction i:1 your profession : 
Mechanical Engineering : Analysis, Development, 
Design and Test of ultra-precision inertial sensing and 
measuring instruments. 
Physics : Solution of unique instrumentation problems 
far beyond the scope of routine design or mere extrap
olation from existing knowledge_ 
Electrical Engineering : Design and development of 
miniature, continuously-rotating and servo motors, and 
special transducers of extreme precision. 
Electronic Engineering : Development of transistor 
and vacuum tube circuits as integral parts of instru
ment systems, and the electronic equipment for the 
unique and elaborate testing demanded by inertial 
systems. 

Response to your inquiry will be prompt. 
Write : Mr. A. Brunetti, Autonetics Engineering 
Personnel, Dept. 991.9SA, P.O. Box AN, Bell. :;�'t:�r:� i CS � 
A D I V I S I O N  O F  N O RTH A M E R I CAN  AVIATI O N ,  I N C. 

A U T O M A T I C  C O N T R O L S M A N  H A S  N E V E R  B U I L T B E F O R E  

2 7 1 
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opportunity in Southern California fo� 
R.E S E.A..R.C � S C :J: E NT:J:STS 

.A..N:J:» E NG:J:NE E R.S 

stable, high-paying careers in the development 
of advanced digital computer systems 

Here, in one of the nation's leading companies in the development of digital computers 

and e l ectronic  systems, you will have full opportunity to make research contributions 

at the most advanced level.  You will enjoy the broad working freedom of a small, select 

research group and st imulating association with other h ighly qualified computer special· 

ists. You will also enjoy the security afforded by a parent company of i nternational  

stature. Because most activity is  in  development of equipment for worldwide commercial 

markets, stabi l ity is assured. The program is  a continuing one. Ultra·modern, a ir· 

conditioned plant in a pl easant Los Angeles suburb. Fu l l  schedu le  of benefits. 

S E N I O R  P R OJ ECT E N G I N EER, TRAN· S E N I O R  M AT H E M AT I C I A N ,  STA F F  

SISTORS - To d i rect project on eva luation ANALYSIS - Ph.D. and m i n i m u m  o f  two 

of new developments i n  the transistor f i e l d  
years related experience for staff analysis on 
a d v a n c e d  d i g i t a l  t e c h n i q u e s  and n e w  

for a p p l i cations i n  d igital computers. components. 

S E N I O R  E L E CT R O N I C  E N G I N E E R ,  S E N I O R  E L ECT R O N I C  E N G I N E E R ,  
STAFF ANALYSI S - To i nvestigate a n d  ana·  M A G N ET I C  C I RC U I T RY - For  a d v a n c e d  
lYle n e w  t e c h n i q u e s  a n d  c o m p on e n t s  f o r  

research i n  magnetic c ircu its and materials systems a p p l i cat ions.  Must have M .  S.  and 
m i n i m u m  of 2 y e a r s  d i g i t a l  c o m p u t e r  for systems appl icati ons. 
experience.  

Add it ional  inquir ies i n v ited from sc ient ists & engineers i n terested i n  the fol lowing f ie lds 
related to  d i gital  computer research : a p p l i cat ions of ferr ites,  magnetic devices & mater ia ls ,  
r e s e a r c h  in  l o g i c, s o l i d  state p h y s i c s, m a g n e t i c  r e c o r d i n g, c a t h o d e  r a y  t u b e  d e v i c e s, 
ferroe lectrics. 

For illustrated co mpany bro chure, write Director of  Industrial Relat ions 

TH E NATIONAL CASH REGISTER COM PANY 
E L ECT R O N I CS D I V I S I O N ,  

1401 East E I  Segundo Bou levard, Hawthorne. C a l i forn i a  

·TRADEMARK REG .  U .  S .  PAT. O F F .  

justments, including the width of the 
entrance slit, are then touched up so the 
lines appear with maximum sharpness. 

"Successive spectral orders are brought 
into view by rotating the grating through 
higher angles. The upper spectrum on 
page 259 shows the first order. The one 
beneath is made in the second order. 
Note that although fewer lines per inch 
appear in the second order, there is no 
gain in resolution. Shifting the grating 
for the detection of a higher order is 
analogous to substituting eyepieces of 
higher power in a telescope. You get a 
bigger but proportionately fuzzier pic
ture. The film magazine is substituted 
for the eyepiece and three exposures 
made in both the first and the second 
order. In many cases the range of in
tensity between the faintest and bright
est lines exceeds the capacity of the film 
to register contrast. Three exposures, one 
estimated for the mid-range intensity 
and the other two timed respectively at 
half and twice this value, will usually 
span the full range. 

"Gases in the vicinity of a sunspot 
often appear to be in a state of violent 
turbulence. At any instant some atoms 
are rushing toward the observer and 
others away. The spectral lines show 
proportionate displacement from their 
normal positions in the spectrum-the 
Doppler effect-and register as a bulge 
in the central part of the line occupied 
by the sunspot. This explains the dark 
streak extending through the center of 
the spectra reproduced on page 259. 

"A portion of this same spectrum, 
photographed in the fourth order and 
enlarged photographically, appears on 
page 266. It includes the H and K lines 
of calcium, at wavelengths of 2,933 and 
3,960 A. respectively. Observe that a 
segment in the center of each of these 
two lines-the segment representing the 
sunspot-is split. The light streak occu
pying the area within the split section 
is referred to as 'emission over absorp
tion' and, in this instance, indicates the 
presence of incandescent calcium at an 
altitude of about 100,000 miles above a 
region of cooler matter in the spot. Had 
the glowing calcium been lower, its emis
sion would have been absorbed by the 
intervening solar atmosphere and it 
would have photographed as a dark ab
sorption line. My interpretation of this 
spectrogram is that a solar prominence, 
carrying incandescent calcium from the 
sun's interior, arched up and over the 
sunspot. We are looking down on top of 
it. Reconstructing such events from evi
dence buried in the myriad lines of spec
tra is an endless challenge and one of 
the hobby's many fascinations." 

r 
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" 1  looked down into 

D1.y open grave" 

"MR. SENATOR Ross, HOW SAY you ? "  
In the deathly silence o f  the Senate cham

'b e r, the freshman Senator  from Kansas  
looked down, as  he  put it, into his  own grave. 

On deliberately trumped-up charges, the 
bitterly fanatic leaders of Ross's party were 
trying to vote President J ohnson out of office 
- because J ohnson stood between them and 
their revenge on the defeated South. 

Ross, they knew, also disliked J ohnson 
and wanted to punish the South. But, taking 
no chances, they had warned him to vote 
"guilty" or face p olitical suicide. 

And now, on that historic May morning in 
1868, the verdict had come to hang com
pletely on his vote. First falteringly, then 
loudly, he gave it : "Not guilty !" 

That was sheer moral principle speaking. 
Edmund Ross refused to j oin a move he 
thought would wreck the historic powers of 
the Presidency. For this, he lost his future, 
lost his good name, and saved for himself 
only what he had saved for everyone : our 
democracy. 

Into the whole fabric of American democ
racy is woven the steel-tough moral fiber of 
men like Edmund Ross. Braver even than 
battle courage, it has helped America be
come strong in many ways_ So strong, that, 
today, one of the world's greatest guarantees 
of security is U. S. Savings Bonds. 

F o r  it  is n o t  American p rincipal ,  but 
American principles, that back these Bonds. 
So, for yourself and your country, invest in 
United States Savings Bonds regularly. And 
hold on to them. 

It's actually easy to save - when you buy Series
' 

E Savings Bonds through the Payroll Savings 
Plan. Once you've signed up at your pay office, 
your saving is done for you. The Bonds you re
ceive pay good interest - 3% a year, compounded 
half-yearly when held to maturity. And the longer 
you hold them, the better your return. Even after 
maturity, they go on earning 10 years more. So 
hold on to your Bonds ! Join Payroll Savings to
day - or buy Bonds where you bank. 

. 

Safe as A.ll':1erica - u: S. Savings Bonds 

2 7 3  
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. . .  now offers you,  free of ch a rge, t h i s  
va luable 3S-page observer's handbook 
packed with ful l  page i l lustrated a rticles 
on a stronomy, observing, telescopes and 
accessories-of interest to beginner and ad
vanced amateurs al ike. 

���E�::§'J!���1r::: 
�:.::!'..:"_'"t.�::::::.c...��-= 
����'::?:..�-a���� 
::E"��a: .. ���= �.;.:;;,.2:-..:'�"'::::-...7'..:z.:it;.'Zt::.-:: ;.!' 

Yours lor the asking! 

The New UNITRON Catalog 
of ASTRONOMICAL 

TELESCOPES 
including th e 

OBSERVERS GUIDE 
The first 

completely 
nonachromatic 

catalog 
ever to advertise 
fully achromatic 

telescopes ! 
• 

U N I T R O N ' s  n e w  
catalog i s  colorful 
red, yellow, and blue 
( as well as black ) • 
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The Observers 
Cuide 

is va l uable ! 
A series of ful l-page, 
i l l u s t r a t e d  articles, 
usefu l for perma n e n t  
reference ! W h i l e  you 
m i g h t  try to u se a 
magnifying glass o n  
these sample pages 
reprod uced here in 
m i n iature,  we know 
you wil l  want a real,  
ful l- sized ( S V2 "  by 
1 1 " )  copy to p u t  o n  
you r  book shelf.  

W R I T E-W I R E-P HON E-RA D I O  
Use the ha ndy coupon o n  the bottom of the 

page . Come i n  pe rson o r  send a messenge r .  

Use c a r r i e r  p i geon , smoke . s i gna l s ,  j un g l e  

d rums,  semaphore,  o r  he l  iogra p h .  B ut ,  how

eve r you c hoose to com m u n icate w i t h  us ,  don ' t  

d e l ay you r  req uest fo r a F R E E  copy of 

U N I T RON ' s  va l ua b l e  g u i d e  to today' s  fastest 

g row i n g  hobby. 

UNIT�ON p� {)tAJi4ion 
01 UNITED SCIENTIFIC CO 204·A MILK S7 , BOSTON 9 MASS.  

Please rush to me at n o  cost or obl igation a copy of the 

new U N I T R O N  Catalog of Astronom ical Telescopes 

i n c l u d i n g  the O bservers Guide.  

N a m e  

Street . . . . . . . . . . . . . . . . .  . 

C i ty . . . . . . . . . . . . . . . . . .  . . . . . . . . .  State . . . . . . . . . . . . . . . . . . . . . .  , 
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Agency : E.  H .  Brown Adycrtis ing Agency 

G E N E R A L  M OTO RS C O R P O R AT I O N ,  N EW 
D E P A RT U R E  D I V I S I O N  . . . . . . . . . . . . . . . . . . . . . . . . . .  B a c k  Cover 

Agency : D .  P .  B rother & Company 

G E N E R A L  M OT O R S  C O R P O RA T I O N ,  SAG-
m AW S T E E R I N G  G EA R  D I V I S I O N . . . 3 3  

Agency : D .  P .  B r o t h e r  & Company 

G E N E R A L  P R EC I S I O N  E Q U I P M E N T  COR-
P O RAT I O N  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .40, 41 

Agency : Geer, DuBois  & Company,  I n c .  

G E N E R A L  P R EC I S I O N  L A B O RATORY I N CO R
P O RA T E D ,  A S U B S I D I A R Y  O F  G E N E R A L  
P R EC I S I O N  E Q U I P M E N T  C O R P O R AT I O N  4 2  

Agency : G e e r ,  D u B o i s  & Company,  I n c .  

G I A N N I N I ,  G .  M . ,  & C O . ,  I N C  . . . . .  . 
Agency : Grant Advertising, I n c .  

G O O DY E A R  A I R C R A FT C O R P O RAT I O N ,  A 
S U B S I D I A RY O F  T H E  G O O DY E A R  T I R E  & 
R U B B E R  C O .  . . . . .  280 

G RA P H I C  SYST E M S  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 234 
Agency : Diener & Dorskind I n c orporated 

G U LT O N  I N D U S T R I E S ,  I N C . . .  . . . . . . . . . . . . . . . . . . . . . . . . . .  209 
Agency : Conti Advertising Agency,  I n c .  

G U R L E Y ,  W .  & L.  E . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 20 
Agency : Fred Wittner Advertising 

H A R P E R  & B R O T H E RS . .  . . . . . . .  254, 256 
Agenc y : Denhard & Stewart, I n c .  

H A RV A R D  U N I V E R S I TY P R ES S . .  244 
Agency : Franklin Spier,  I n c .  

H A Y D O N ,  A .  W . ,  C O M P A N Y ,  T H E  . . . . . . . . . . . . . . . . . . . . . . 1 1 8  
Agency : Cory Snow, I n c .  

H EW L ETT-PAC K A R D  C O M P A N Y . . .  . . . .  2 3 3  
Agency : L .  C .  C o l e  Company . I n c .  

H I G H  F I D E L I Ty. . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  264 
Age n c y : Garmise AdYertisillg, I n c .  

H O F F M A N  L A B O RATO R I E S ,  I N C . ,  A S U B
S I D I A R Y  O F  H O F F M A N  E L ECTRO N I CS 
C O R P O RAT I O N  . . . . . . .  6 7  

Agenc y : D a n  B .  Miner  C o m p a n y  Incorporated 

H O U S T O N  TECH N I C A L  L A B O RATO R I ES ,  I N 
STR U M E N T AT I O N  S U B S I D I A R Y  O F  T EXAS 
I N ST R U M E N T S  I N C O R P O RATED . . . . . . . . . . . . . . . . . . . . 230 

Agency : Brennan Advertising Agency, I n c .  

H U G H ES P R O D U C T S ,  A D I V I S I O N  O F  
H U G H ES A I R C R A FT C O M P A N y  . . . . . . . . . . . . . . . . . . .  1 4 1  

Agenc y : F o o t e ,  C o n e  & Belding 

H U G H ES R ES EA R C H  A N D  D EV E L O P M E N T  
L A B O RATO R I ES ,  H U G H ES A I RCRA FT 
C O M P A N y . . . .  . . . . . . . . . .  36 ,  1 99 

Agency : Foote,  Cone & Belding 

I L L I N O I S  T E ST I N G  L A B O RATO R I ES ,  I N C  . . . . . . . . 1 74 
Agency : The Buchen Company 

I N D I A N A  STEEL P R O D U CTS C O M PA N Y ,  THE . . 2 1 7  
Agency : T h e  Fensholt  Advertising A gency,  I n c .  

r 
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I N D U S T R I A L  A C O U S T I C S  C O M PA N Y ,  I N C  . . . .  1 82 
Age ncy : R i t ler .  Sanford & Price.  I n c .  

I N S T I T U T E  O F  SC I E N T I F I C  STU D I ES . . . . . . . . . . . . . . . . . .  248 
Ag;en c y : Robert  Christopher Agency 

I N T E R N AT I O N A L  B U S I N E SS M A C H I N ES COR-
P O R AT I O N  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  200, 201 

Agen c y : Benton & Bowles,  I n c .  

J A E G E R S ,  A . . . .  . . .  270 
Agency : Carol Advertising Agency 

J O N ES A N D  LA U G H L I N STEEL C O R P O RA-
T I O N  70 

Agenc y : K e t c h u m ,  .\lacLeod & Grov e ,  Inc.  

KA I S ER C H E M I CA L S  D I V I S I O N ,  KA I S E R  A L U -
M I N U M & C H E M I C A L  S A L E S ,  I N C . .  35 

Agency : Young & Rubicam,  I n c .  

K E N N A M ET A L  I N C O R P O RA T E D . .  b2 
Agen(' y : Ketch ulll , �lacLeod & Grove. I n c .  

K E N N ECOTT C O P P E R  C O R P O RAT I O N . . 1 2 1  
Agency : C u n n ingham & \'?alsh I n c .  

K E N N E D Y ,  D .  S . ,  & C O . . . .  3 8  
Agency : L a r c o m  Randall  

K I P  E L ECT R O N I C S  C O R P O R AT I O N . .  . 1 1 8  
Agenc y :  .L\lartin S .  \Victle!" COll lpany,  I n c .  

K O L L M O R G E N  O PT I CA L  C O R P O RAT I O N  . . . . .  1 98 
Agen c y : Sanger-Funnell ,  i n l"Orporated 

L E FAX P U B L I S H ERS .. , . . . . . . . . . . . .  249 
Agenc y :  H .  Lesseraux 

L E I TZ ,  E.,  I N C . . .  48 
Agency : L. W. Frohlich & Company,  I n c .  

L E LA N D ,  G .  H . ,  I N C . .  . .  . . . . . 1 52 
Agen cy : \'\lcber,  Geiger and Kalal,  I n c .  

L I N D E  A I R  P R O D U CTS C O M P A N Y ,  A D I V I 
S I O N  O F  U N I O N  CA R B I D E  A N D  C A R B O N  
C O R P O R AT I O N  1 5  

Agency : J .  1\ 1 .  "lathes, Incorporated 

L I N D SAY C H E M I C A L  C O M PA N y  . . . . .  
Agen cy : C .  Franklin Brown, I n c .  

3 4  

L l N G U A P H O N E  I N ST I T U T E  . . . . .  . . . . .  249 
Agenc y : The Kaplan Agency, I n c . ,  Oiv.  o f  Lewin, 

Williams \� Saylor. I n c .  

L I T H I U M  C O R P O RAT I O N  O F  A M E R I C A ,  I N C .  3 2  
Agellcy : Keystone Advertising, I n c .  

L O C K H E E D  A I R C R A FT C O R P O RAT I O N ,  
G E O R G I A  D I V I S I O N . . . .. .. 258 

Agenc y : Donahue & Coe, I n c .  

L OC K H E E D  A I R C R A FT C O R P O RAT I O N ,  M I S-
S I L E  SYST E M S  D i V i S i O N  . . . . . . . . . . . . . . . . . . . . . . . . . .  238, 239 

Agenc y :  Hal Stebbins,  I n c .  

L O N G M A N S ,  G R E E N  A N D  C O . ,  I N C . . . . .  . .  253 
Agenc y : Waterston and Frisch, f n c .  

LOS A L A M O S  SC I E N T I F I C  L A B O RATORY O F  
TH E U N I V E R S I TY O F  C A L I FO R N I A  . . . . . . . . . . . . . . . .  1 95 

Agenc y : Ward Hicks Advertising 

L U DW I G ,  F .  G . ,  I N C . . . . .  
Agency : The Charles Brunclle Company 

M A C M I L L A N  C O M PA N Y ,  THE . . .  
Agenc y : Atherton & C urrier, Inc .  

. 1 1 3  

. .  254 

M A G N EC O R D ,  I N C . . . .  l l b  
Agen c y : Gourfain · C o b b  Advertising Agency, I n c .  

M A LAYAN T I N  B U R EA U ,  T H E  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  229 
Agency : Gray & Rogers 

M A R I O N  E L EC T R I C A L  I N STR U M E N T  C O M -
P A N Y  b9 

Agen c y : C ulver Advertising, Inc . 

M A R Q U A R DT A I RCRAFT C O M P A N Y  . . . . . . . . . . .  1 9b,  1 97 
Agenc y : Doyle,  Kitchen & l\IcCormick,  I n c .  

M A RT I N  C O M P A N Y ,  TH E . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  l b8 ,  l b9 
Agenc y : VanSant,  Dugdale & Company,  I n c orporated 

M. I. T .  L I N CO L N  LA B O RATORy . . . . . . . . . . . . . . . . . . . . . . . .  245 
Agcnc y : Randolph Associates 

M E L ET R O N  C O R P O RAT I O N . .  . .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 5b 
Agency : Welsh, H ollander & Coleman 

M E L P A R  I N C O R P O RA T E D ,  S U B S I D I A R Y  O F  
W E ST I N G H O U S E  A I R  B R A K E  C O M PA N Y  1 54 

Agenc y : M. B e l m o n t  Ver Standig,  I n c .  

M ETA L L U RG I C A L  P R O D U CTS D E PARTM E N T  
O F  G E N E R A L  E L ECT R I C  C O M P A N Y. . .  2 5  

Agenc y : Brooke,  S m i t h ,  F r e n c h  S. Dorrance, I n c .  

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 . . . . .  1 29 
Agency : H enry A. Loudon· Advertising, I n c .  

M I N N EA P O L I S- rl O N EY W E L L  R EG U l.ATOR 
CO.,  A E R O N A U T I CA L  D I V I S I O N  . . . . . . . . . .  22i ,  223 

Agenc y : Foote,  Cone & Belding 

M I N N EA P O L I S- H O N EYW E L L  R E G U LATOR 
CO. ,  I N D U S T R I A L  D I V I S I O N . .  . . .  . . . . . . . .  1 3 1 

Agenc y : T h e  Aitki n . Kynett  C o .  

M I SS I S S I P P I  E X P O R T  R A I L R O A D  C O M P A N Y  . . 1 29 

M O D E R N O P H O N E ,  I N C . . . . . . . . . .  . . . . . . . . . . . . . . . . . . .  280 
Agency : The Kaplan Agenc y ,  I n c . ,  Div.  of Lewin,  

Williams & Saylur,  Inc.  

M O N R O E  C A LC U LAT I N G  M A C H I N E  C O M -
P A N Y ,  I N C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  43 

Agenc y : Charles W. H o y t  Company, I n c .  

M O R R O W ,  W I L L I A M ,  AND C O M PA N y  . . . . . . . . . . . . .  248 
Agenc y : H u dson Advertising Company 

M O S E L E Y ,  F.  L. ,  C O . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . .  . . . . . . . . . .  120 
Agenc y : L .  G .  Swendson, Advertising 

M OT O R O LA I N C . ,  C O M M U N I C AT I O N S  & 
E L ECTRO N I CS D I V I S I O N ,  N AT I O N A L  D E -
F E N S E  D E P A R T M E N T . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 1 1  

Agency : K o l b  & Abraham Advertising 

N AT I O N A L  CASH R EG I ST E R  C O M P A N Y ,  T H E ,  
E L ECTRO N I CS D I V I S I O N  . . . . . . . . . . . . . . . . . . . . .  1 77 ,  272 

Agency : Allen, Dorsey & Hatfield,  I n c .  

N EW Y O R K  A I R  B R A K E  C O M PA N Y ,  TH E . . . . . . . 1 55 
Agen c y : H umbert & J ones 

N EW Y O R K  U N I V E R S I TY P R ES S . . .  . . . . . . . . . . . . . . .  252 
.-\gency : .Martin S .  Wiener Company, I n c .  

N I A G A R A  B L O W E R  C O M P A N Y . . .  1 48 
Agenc y : The Moss·Chase Company 

N O RT H R O P  A I RCRA FT, I N C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2b8 
Agency : West · i\larquis,  Inc.  

N O RT O N  C O M P A N Y ,  R E F RACTO R I ES D I V I -
S I O N  37 

Agency : J ames Thomas Chirurg Company 

N U C L E A R  E N ERGY R E S E A RC H  B U R E A U  . . . . . . . . . . . 255 
Agency : Frank Kiernan & Co. 

N U C L E A R  I N ST R U M E N T  A N D  C H E M I CA L  
C O R P O RAT I O N  b4 

Agcnc y : Don Colvin & Company, I n c .  

O L I N  M A T H I ES O N  C H E M I CA L  C O R P O RA-
T I O N  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 9b ,  1 97 

Agen cy : Doyle,  Kitchen & i\'lcCormick,  I n c .  

PA N E L L l T ,  I N C  . . . . . .  . . . . . . . . . .  220 
Agency : Sidney Clayton & Associates 

P F I Z E R ,  C H A S . ,  & C O . ,  I N C . . . . . . . . . . . . . . . . . . . .  1 22 ,  1 23 ,  1 24 
Agen c y : Macl\1anus, John & Adams, I n c .  

P H I L O S O P H I CA L  L I B R A R Y ,  P U B L I S H E R S  . . . . . . 242 
Agenc y : Lester Loeb Advertising 

P I C K E R  X-RAY C O R P O RAT I O N  . . . .  

PLAST I C S  E N G I N E E R I N G  C O M P A N Y  . . .  
Agency : Kuttn{!r & Kuttner,  Inc.  

. .  . . . . . .  1 8b 

24 

P O R T E R ,  H. K . ,  C O M P A N Y ,  I N C. . .  2 b  
Agency : S t .  Georges & Keyes, I n c .  

P O T T E R  & B R U M F I E L D ,  I N C . ,  S U BS I D I A R Y  O F  
A M E R I C A N  M A C H I N E  & FO U N D RY C O M -
P A N Y  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 2 1  

Agency : Fletcher D .  Richards, I n c .  

P RATT & W H I T N EY A I R C R A FT ,  D I V I S I O N  O F  
U N I T E D  A I RCRA FT C O R P O RAT I O N  . . . . . . . . . . l bb 

Agenc y : G. F. Sweet & C o . ,  I n c .  

Q U A K E R  O A T S  C O M PA N Y ,  T H E ,  C H E M I CA L S  
D E PT. . . . . . .  . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 

Agenc y : Rogers & Smith,  AdYertising 

RAD I O  C O R P O RAT I O N  OF A M E R I CA bO 
Agency : Al Paul Lefton Company,  I n c .  

RAD I O  C O R P O R AT I O N  O F  A M E R I CA ,  E M -
P L O Y M E N T  D I V I S I O N . .  1 8 

Agenc y :  AI Paul Lefton Company,  I n c .  

RAD I O  E N G I N E E R I N G  LA BO RATO R I E S ,  I N C .  
Agen c y : H a r r y  W ,  G r a ff ,  I n c .  

R A M O-W O O L D R I DG E  C O R P O R AT I O N ,  T H E  
l bO ,  278 

Agenc y : The McCarty C o .  

RAYT H E O N  M A N U FACTU R I N G  C O M PA N Y  . . . 279 
Agency : Donahue & Coe, I n c .  

REACT I O N  M OT O R S ,  I N C  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 9b ,  1 97 
Agenc y : Doyle,  Kitchen & McCormick,  I n c .  

R E M I N G T O N  R A N D  U N I VAC D I V I S I O N  O F  
S P E R RY R A N D  C O R P O RAT I O N  . . . . . . . . . . . . . . . . . . 1 44 

Agenc y : Paris & Peart, I n c .  

R EP U B L I C  AV I AT I O N  C O R P O RAT I O N  . . . 2b5 
Agency : Deutsch & Shea, I n c .  

R E V E R E  C O P P E R  A N D  B R A S S  I N C O R P O RA T E D  1 4  
Agency : S t .  Georges & Keyes, I n c .  

ROC K ETDY N E, A D I V I S I O N  O F  N O RT H  
A M E R I C A N  A V I AT I O N ,  I N C . . .  . .  . . . . . . . . . . . . . . .  1 59 

Agen c y : Batten,  Barton,  D urstine & Osborn,  I n c .  

S A N D I A  C O R P O RAT I O N  . . . . .  . . . . . . . . . .  25b 
Agcncy : Ward H icks Advertising 

SAVE T H E  C H I L D R E N  F E D E R AT I O N  . . . . . . . . . . . . . . . . . .. 2bb 
Agenc y : Esmond Associates, I n c .  

SC I E N C E  B O O K  C L U B ,  I N C . . . .  . .  . . . . . . . . . . . . . . . .  2 5 1  
Agen c y : Waterston and F r i s c h ,  I n c .  

S E RV O M ECH A N I S M S ,  I N C . . . . . . . . . . . . . . . . . . . . . . . . .  . . . ... 1 1 9  
Agenc y : Sanger· Funnell ,  I n c orporated 

S I G M A  I N S T R U M E N T S ,  I N C . . . . . . . . . . .  . .  . . . . . . . .  1 1 2  
Agenc y : C u lvcr Advertising, I n c .  

S I M O N  A N D  S C H U ST E R ,  P U B L I S H E R S  . . . . . . . . . . . . . . .  250 
Agency : Sussman & Su�ar. I n c .  

S I M PS O N  E L ECT R I C  C O . . .  . .. . . . . . . . . . .  1 1 3  
Agenc y : The Fensholt Advertising Age n c y ,  I n c .  

S KY P U B L I S H I N G  C O R P O RAT I O N  . . . . . . . . . . . . . . . . . . . . . . . 2bb 

S M I T H ,  A .  0 . ,  C O R P O RAT I O N . .  . .  ... 202, 203 
Agency : Klan·  Van Pietersom·Dunlap,  I n c .  

S O L A R  A I R C R A FT C O M P A N Y . . .  . 1 83 
Agenc y : The Phillips·Ramsey Company 

S O N N E B O R N ,  L. ,  S O N S ,  I N C . . . . . . . .  1 0  
Agen c y : S t .  Georges & Keyes.  I n c .  

S O R E N S E N  & C O M PA N Y ,  I N C . . . .  22 
Agenc y : Moore & Company, I n c .  

S P ERRY G Y R O S C O P E  C O M P A N Y ,  D I V I S I O N  
O F  S P E R RY R A N D  C O R P O RAT I O N  . . . . . . . . . . . . . . .  227 

Agen c y : Reach, Yates & i\lattoon. I n c .  

STA U F F E R  C H E M I C A L  C O M P A N y . . . . .  4 7  
Agenc y : J o h n  Mather L u p t o n  C o m p a n y ,  I n c .  

STEWA RT-WA R N E R  E L ECTRO N I C S ,  A D I V I 
S I O N  O F  STEWA RT-WA R N E R  C O R P O RA-
T I O N  1 79 

Agenc y : Thc Buchen COlllpany 

STO K E S ,  F. J . ,  C O R P O RAT I O N ,  VAC U U M  
E Q U I P M E N T  D i V i S i O N . . . .  . .  1 1 5  

Agenc y : Thc Aitki n · Kynett  Co.  

S U N  O I L  C O M P A N Y ,  I N D U ST R I A L  P R O D UCTS 
D E PARTM E N T  . . . . . . . . . . . . . . . . . . . . . .  1 67 

Agenc y :  R uthrauff & Ryan.  I n c .  

S U RFACE C O M B U ST I O N  C O R P O RAT I O N . . . 1 9  
Agency : Odiornc Ind ustrial A dvertising 

SYLVA N I A  E L ECT R I C  P R O D U CTS I N C O R -
P O RA T E D ,  ATO M I C  E N E R G Y  D I V I S I O N . .  54 

Agency : J. Walter Thompson Company 

SYLVA N I A  E L ECT R I C  P R O D UCTS I N C . ,  P H O -
T O LA M P  D I V I S I O N . .  1 1 1  

Agency : J .  Walter Thompson Company 

TECH N I C A L  O P E RAT I O N S  I N C O R P O RATED . . . . 2b2 
Agenc y : B ywords 

TECH N I C A L  S U RV Ey . . . .  
Agenc y : The McKay C o m p a n y ,  l i l c .  

. .  . . . . . . . . . . .  249 

T I T A N I U M  A L LO Y  M FG .  D I V I S I O N ,  N AT I O N -
A L  L E A D  C O M P A N Y . . .  1 1 0  

Agenc y : Comstock & Company 

U N I O N  A S B ESTOS & R U B B E R  C O M P A N y . . . . . .  b 3  
Agenc y : The B uchen Company 

U N I O N  C A R B I D E  AND C A R B O N  C O R P O RA-
T I O N  . . . . . . . . . . . . . . . .  I n s i d e  Front Cover 

Agenc y : J .  M .  l\Iathes,  Incorporated 

U N I O N  C A R B I D E  A N D  C A R B O N  C O R P O RA-
T I O N ,  S I L I C O N ES D I V I S I O N  1 8 1  

Agency : J .  M .  Mathes,  I ncorporated 

U N I T E D  SC I E N T I F I C  C O M PA N Y  . . . . . . . . . . . . . . . . . . .  274, 275 
Agenc y : Robert H artwell Gabine,  Advertising 

U N I T E D  STATES G RA P H I T E  C O M PA N Y ,  T H E ,  
D I V I S I O N  O F  T H E  W I C K E S  C O R P O RA-
T I O N  1 49 

Agency : Price,  Tauner & Willox,  I n c .  

U N I T E D  S T A T E S  R U B B E R  C O M P A N Y ,  M E-
C H A N I C A L  G O O D S  D i V i S i O N . . . .  .. .. 1 33 

Agency : Fletcher D. l\icharJs,  I n c .  

U N I V E R S A L  O I L  P R O D U CTS C O M P A N Y . . .  1 7  
Agency : Sam J .  GaBay AI]vcrtising 

U N I V E R S I TY OF C H I CA G O  P R E S S ,  T H E  . . . . . . . . . .  244 
Agency : Sussman & Sugar, I n c .  

U T I C A  D RO P  F O R G E  A N D  T O O L  C O R P O RA-
T I O N ,  UTICA M ETALS D I V I S I O N . .  1 35 

Agency : Wilson,  Haight,  Welch & Grover, I n c .  

V A N  N O STRA N D ,  D . ,  C O M P A N Y ,  I N C . . .  . .  . .  24b 
Agenc y : Albert Frank·Guenther Law, I n c .  

VA R I A N  A S S O C I ATES. .  53 
Agency : Boland Associates 

VA R I A N  A S S O C I A T E S ,  S P EC I A L  P R O D U CTS 
D I V I S I O N  58 

Agenc y : Boland Associatcs 

V I K I N G  P R ES S ,  T H E. . .  . .  . . . . . . . . . . . . . . . . . . . . . . . . .  24b 
Agenc y : Lewi n ,  Williams & Saylor, I n c .  

V I T R O  C O R P O RAT I O N  O F  A M E R I C A  5 0  
Agency : Molesworth Associates 

WARD L E O N A R D  E L ECT R I C  C O  . . . . . . . . . . . . . . . . . . . . . . . . 1 45 
Agenc y : J ames Thomas Chirurg Cumpany 

W E L L I N GT O N  SEARS CO.,  A S U BS I D I A R Y  O F  
W E S T  P O I N T  M A N U FACT U R I N G  C O M -
P A N Y  . . .  . . . . . . . . . . . . . . . . . . . . . . . . . 27 

Agenc y : Ell ington & Company,  I n c .  

W E ST I N G H O U S E  E L ECT R I C  C O R P O RAT I O N  
2 1 4 , 2 1 5  

Agency : Ketchum, MacLcod & Grove, I n c .  

W E ST I N G H O U S E  E L ECT R I C  C O R P O RAT I O N ,  
C O M M E RC I A L  ATO M I C  P O W E R  D I V I -
S I O N  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  282 

Agency : Fuller & Smith & Ross I n c ,  

W I L D  H E E R B R U G G  I N ST R U M E N T S ,  I N C  . . . . . . . . 1 2 9  
Agenc y : Duncan. Brooks, I n c .  

W I LEY,  J O H N ,  & S O N S ,  I N C . . . . . . . . . . . . .  . . . . . . . . . . . . .  247 
Agency : Watcrston and Frisch, I n c .  

W O L L E N S A K  O P T I C A L  C O M P A N Y  . . . . . . . . . . . . . . . . . . . . . 1 3 1  
Agenc y : E d  Wolff & Associatcs 

Z E I S S ,  C A R L ,  J E N A . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  235 
Agency : The Zlowc Company 

2 7 7  
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Scientists 

Mathematicians 

Engineers 

Ramo- Wooldridge 

ELECTRONIC DATA PROCESSING 
Analysis of business data processing systems using 
appropriate management sciences techniques. 
Experience required in the application of electronic data 
processing equipment to complex business systems. 

has several OPERATIONS RESEARCH 
opportunities for 

individuals 

experienced in: 

Application of Operations Research techniques to 
business and industry problems. Candidates should be 
familiar with the use of Operations Research concepts 
in one or more of the following areas: production 
schedul ing, inventory control, marketing, transportation, 
financial planning, process control or similar fields. 

The men we are seeking should be analytically 
inclined and have the ability to work effectively with 
Managements of client organizations. 

Those interested are invited to explore the range of 
openings at The Ramo-Wooldridge Corporation by submitting a 

resume of education and experience to: Mr. R. Richerson 

The Ramo-Wooldridge Corporation 
5730 ARBOR VITAE STREET • LOS ANGELES 45, CALIFORNIA 

_s!"����! 
are in YOUR favor ... 

DECISION IINC-nationwide specialists in re
cruitment of engineering personnel-have an 
active and enviable record in developing job 
opportunities for men who want bigger sal
aries and a chance for greater personal 
achievement. 

DECISION/INC is retained by more top
ranking firms thruout the nation than 
any other organization to find 'he right 
man Cor each job. This confidential serv
ice costs you: nothing. 

It takes TIME-MONEY-EFFORT to im
prove your job situation. If you are an en
gineer or scientist. particularly in the ELEC
TRONIC-AERO-NAUTICAL or GUIDED
MISSILE field. DECISION IINC will do this 
quickly. effectil'ebr at no cost to you. 

HOW? Our placement specialist de
velops a plan "tailor-made" for you 
-which includes a resume of your 
experience ... and then a review by 
selected companies leading to confi
dential interviews at your conveni
ence and our client's expense. 

NOW is the time for DECISION I 
All YOU do Now is ... send us your 
name. home address, job interest or 
title. We take it from there. 

Write or phone: 
OLIVER P. BARDES, 
President
DECISIONIINC 

1438 FIRST NATIONAL 
BANK BLDG. 

CINCINNATI 2. OHIO 

GArfield 1-1700 
Publishers of the authoritative Engineers' Job Directory 
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Make your own tiny genius computers 
TYNIACS ($9.95) & GENIACS ($17.95) 

the improved kits made by Berkeley 

safety 
K 3: TYNIAC ELECTRIC BRAIN CONSTRUCTION KIT: 
Complete set of O\'er 300 parts, including versatile multiple 
switches and new improved wipers (patent applied for) that 
make all contacts effective; manual of instructions; tem� 
plates; introduction to the Boolean algebra of switching. 
Makes 13 entirely NEW arithmetical, logical. computing, 
puzzle�sol\'ing and game�playing (BLACK MATCH, SUN� 
DOHRA 21) machines and also 20 Geniacs including Nn.:l. 
'l'l1'�'1'AT�TOE Machines. Each Tyniac runs on one ftash� 
light battery, requires no soldering (all connections with 
nuts and bolts). is completely safe. Demonstrates in instruc
tive and easily�put�together models the fascinating "ariet)' 
and power of computing and reasoning circuits . . .... $9.95 
(for shipment. add 60t west of l\{isslssiJmi; $1.40 outside 
U.S.). Hclurnal)le. 
K I: GENIAC ELECTRIC BRAIN CONSTRUCTION KIT: 
).rore advanced set. with more materials. for making 33 
Geniaes and 13 T:\'niacs ................................ .................... $17.95 
(for shipment. add SOt west of Mississippi; $1.80 outside 
U.S.). 
I' 38: T.miac �fanual ... $2.00 P 30: Ceniae �·ranujll .. $3.00 
K 4: �et of \yipers for Ceniac Kit $1.00. lleturnable. 

Malo:· your own indoor automatic greenhouse 
GREENARIUM 

GREENARIUM @-AUTOMATIC GREENHOUSE FOR AN INDOOR WINDOW: Combination gl·eenhouse·tcrrarium. with 
automatic watering. for growing orchids. vegetables. flow� 
ers. fruit. etc. indoors. 2' x 2' xl', sturdy redwoOd frame. 
sheet plastic covering. transpal'ent front. masonite base. 
automatic waterin$ system, ample humidity. controlled 
light, etc. I:ntertamlng, scientific, Instructive: for soilless 

�:g'�fd
n�n1o 

('g;�\�r�;'c�lari'is ri�fu!� ]
e���j. 1;1;�en������'� 

K :.: KIt. easily put together. complete instruclions . . .  $12.95. K 6: Assembled Greenarium . • .  $18.95. Shipped 
express collect. Heturnable. 
We arc Berkeley Enterprises, Inc. (affiliate of Edmund C. 
Berkeley and Associates). producers of scientific kits. mak· 
ers and exhibitors of small robots (Simon, Squee. etc.) 
publishers (the monthly Computers and Automation, P 2, 55.50). elC. 

1-S:k:ie;-E-;;te;p�:e�� I���S COUPON- - - - - , 
I 815 Washington St., R 170, Newtonville 60, Mass. I 
I 1: :1;aseKs�nd ;;8iter;s3�irCI:",d� K 5 K 6 P 2 I 
I Returnable in 7 days for full refund if not satisfactory. I 
I �.e�c��::s� .. ··;�·�·�· .. ·�� .. i;r::11 ;

a
:o:�:!:nents of kits, I 

I PUb1i�t:i���e 
e
!�d address are attached. I 

BIBLIOGRAPHY 
Readers interested in further reading 

on the subjects covered by articles in this 
issue may find the lists below helpful. 

THE UNIVERSE 

FRONTIEHS OF ASTRONOMY. Fred Hoyle, 
Harper & Brothers, 1955. 

A HISTORY OF ASTRONOMY FROM THALES 

TO KEPLER. J. L. E. Dreyer. Dover 
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THE ORIGIN OF THE ELEMENTS 

ELEMENT-BUILDING REAC,IONS IN STARS. 

William A. Fowler and Jesse L. 
Greenstein in Proceedings of the Na
tional Academy of Sciences, Vol. 42, 
No. 4, pages 173-180; April, 1956. 

STELLAR EVOLUTION AND THE SYNTHESIS 

OF THE ELEMENTS. W. A. Fowler, 
G. R. Burbidge and E. Margaret Bur
bidge in The Astrophysical Jo u I'll ai, 
Vol. 122, No. 2, pages 271-285; Sep
tember, 1955. 

THEORY OF THE ORIGIN AND RELATIVE 

ABUNDANCE DISTRIBUTION OF THE 

ELEMENTS. Ralph A. Alpher and Rob
ert C. Herman in Reviews of Modern 
PhYSiCS, Vol. 22, No. 2, pages 153-
212; April, 1950. 

THE CONTENT OF GALAXIES 

A LARGER AND OLDER UNIVERSE. George 
W. Gray in Scientific American; June, 
1953. 

THE EVOLUTION OF GALAXIES 

ASTROl\OMY-THE BIRTH OF STARS FROM 

INTERSTELLAR CLOUDS. Lyman Spitz
er, Jr., in Joumal of the Washington 
Academy of Sciences, Vol. 41, No. 10, 
pages 309-318; October, 1951. 

GALAXIES. Harlow Shapley. The Blakis
ton Company, 1943. 

THE REALM OF THE NEBULAE. Edwin 
Hubble. Yale University Press, 1936. 

A RECEIVER FOR THE RADIO WAVES 

FROM INTERSTELLAR HYDROGEN: 1. 
THE INVESTIGATION OF THE HYDRO

GEN RADIATION. C. A. Muller in 
Philips Technical Review, Vol. 17, 
No. 11, pages 305-315; May, 1956. 

COLLIDING GALAXIES 

IDENTIFICA TION OF THE RADIO SOURCES 

IN CASSIOPEIA, CYGNUS A, AND PUPPIS 

, 
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• 

announClnR 

HARVARD 

M.l.T. 

.... RAYTHEON 

GRADUATE 

PROGRAM 
FOR STUDY AT HARVARD 

AND M. I. T. IN 1957-58 

The Raytheon Graduate Program has been established 
to contribute to the technical development of scientists 
and engineers at Raytheon. It provides the opportunity 
to selected persons employed by Raytheon, who are 
accepted as graduate students by Harvard or M.LT., 
to pursue, at Raytheon's expense, regular courses of 
study leading to a master's degree in science or engi
neering in the institution of their choice. 

The Program requires, in general, two or three semes
ters of study, depending on circumstances, with the 
summer months spent in the Company's research, en

gineering, or manufacturing divisions. It includes full 
tuition, fees, book allowances and a salary while at 
school. Students also receive health, accident, retire
ment and life insurance benefits as well as annual 
vacation and other privileges of full-time Raytheon 
employees. 

To be considered for the Program, applicants must have 
a bachelor's degree in science or engineering, and should 
have outstanding student records, show technical prom
ise, and possess mature personal characteristics. They 
must be under 30 years of age on September 15 of the 
year admitted to the Program. They may apply for 
admission to the Program in anticipation of becoming 

employees of Raytheon. 

YOU ARE INVITED TO ADDRESS YOUR INQUIRY 
to Dr. Ivan A. Getting, Vice President, Engineering 
and Research, outlining your technical background, 
academic record, school preference, and field of interest, 

prior to December 1, 1956. 

Exoellen" In Electronl" _ RAYTHEON MANUFACTURING COMPANY 
WALTHAM 54, MASSACHUSETTS 
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ENGINEERS 
AIIJllTA announces 

INERTIAL NAVIGATION 
development .,;;roffram /Or an advanced Air rorce missile 
Inertial Navigation offers the most advanced concept in guidance. 

requiring no terrestrial source of energy or information, no earth� 

bound direction once the ultimate destination is selected. It offers 

the most promising solution of the guidance problem for the long

ran�e missile. 

Immediate openings 
for Supervisory and 
Staff positions as 
'Well as for 

While the principles are simple. the realization involves advanced 

creative engineering. ARMA's many successes in the creation of 
precision instruments and systems for navigation and fire control, 
especially precision gyroscopic reference systems for all applica

tions, fit it uniquely for a major role in this advanced area. 

Senior Engineers. 
Engineers. and 
Associate Engineers. 
experienced in: 
Systems Evaluation 
Gyroscopics 

The height of imaginative resourcefulness and engineering skill 

are required to create the degree of precision-hitherto unattained 
- in the components essential to the guidance of advanced missile 

systems-the gyros, accelerometers. and computer elements. Minia� 
turization must be coupled with extraordinary ability to provide 
utmost accuracy under conditions of· extreme velocities. tempera� 

tures. and accelerations. 

Digital Computers 
Accelerometers 
Telemetry 
Guidance Systems 
Reliability 
Stabilizing Devices 
Servomechanisms 
Automatic Controls 
Thermodynamics 
Environmental 

There's significant scientific progress to be achieved at this leader� 

ship company and individual renown to be won, by engineers 

associated with ARM A's Inertial Navigation Program. Many sup
plementary benefits make a career here doubly attractive. ARMA 
engineers are currently working a 48 hour week at premium rates 

to meet a critical demand in the Defense Dept's missile program. 
Moving allowances arranged. 

Research 
Weight Control 
Transformers 
Production 

Salary - up to $15.000 
(Commensurate with experience) 

Send resume in confidence to: 
Manager of Technical Personnel, Dept. 674 Test Equipment 

4RAlA Standards 
Division of American Bosch Arma Corporation 

Roosevelt Field, Garden City, Long Island. N. Y. 

New IIMechanical Educatorll to 
IMPROVE MEMORY 

Inability to recall names, places, facts quickly is a 
common, often costly. shortcoming that can now be 
easily overcome with the aid of a new device for 
self-instruction, memory and concentration train
ing. This versatile new educational tool can also be 
used effectively in language learning, speech cor
rection and improvement, in mastering tables, for
mulae-anything to be memorized-faster than ever. 

DORMIPHONE Memory Trainer 
• Speeds up learning processes 
• Aids Concentration 

Easily removed. Can 
be stored or "erased" 
instantly and re-used 
repeatedly. Just re
cord, flip a switch
listen-and learn! 

Using a new recording 
pri n c i p l e .  Memory 
Trainer records. in
stant!)· pial's back. and 
automatically repeats 
specch. music. or any 
spoken or broadcast 
m a t e r i al through a 
built-in speaker. No 
reels of tape to wind 
and rewind. Complete
ly portable-13" x 7%" 
x 6" and weighs only 
9 Ills. Ideal for home. 
school. industrial safe
ty training use. So 
simple. children bene
fit-so h e l p f u l  and 
practical. it. is used 
lJy educators. psychol
ogists. people of all 
ages and professions. 

Write TODAY for FREE folder 
with complete information. 

Modernophone. Inc. 
220·096 Rock. Plaza 

New York 20, N. Y. 
-----------------. 
���9�R.:!�:����·N!���rk 20. N.

�I
.
rcle 7·0SlO I 

�entlemen:. Please. send me your li'REE Booklet. I am I 
�'�lJr!·jlt:� i�n

C��l a��17;r ���e ���u
b
t
li���i�����y

s����l:,� I 
will call. I 
Name .. . 
Address ... 

I 
I 

City .... .. .... ..... ..... ...... .... ........ . ZOIl •... .. Stat... : My main interest in the Memory Trainer is for· 

8 �le���I��.I;:a�i�-;,.angllage 0 Rpeech lmp,·ol·ement I 
o HabIt C�r�����n 

Induccment I 
�--------- ________ 1 
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GOODYEAR AIRCRAFT 

ELECTRONIC LABORATORY 
LITCHFIELD PARK 

PHOENIX. ARIZONA 
This modern laboratory is the Western 

Division of the well·established Aero· 

physics Department of the Goodyear Air· 

craft Corporation of Akron, Ohio. 

A subsidiary of the 
GOODYEAR TI RE & RUBBER CO. 

Openings are available for experienced 

personnel and recent college graduates. 

Complete Missile and Electronic Systems 
Microwaves, Servomechanisms, 

Aircrall Instrumentation, Radars 
and Stabilized Antennas. 

Long Range Research and 
Development Projects 

University of Arizona graduate studies avail· 

able under the Goodyear Fellowship Program 

or company financed evening courses. 

WESTERN LIVING AT ITS BEST 

"IN THE VALLEY OF THE SUN" 

Modern Inexpensive Housing 
Send Resume To: 

A. E. Manning 

Engineering and Scientific Personnel 

Goodyear Aircraft Corporation 

Litchfield Park, Arizona 

Similar opporfunities avaialble in our 
Ak.ron, Ohio Laboratory 

A. W. Baade and R. Minkowski in 
The Astrophysical Journal, Vol. 119, 
No. 1, pages 206-231; January, 1954. 

STELLAR POPULATIONS AND COLLISIONS 

OF GALAXIES. Lyman Spitzer and 
Walter Baade in The AstrophYSical 
Journal, Vol. 113, No. 2, pages 413-
418; March, 1951. 

THE EVOLUTIONARY UNIVERSE 

THE CREATION OF THE UNIVERSE. 

George Gamow. The Viking Press, 
1952. 

MODERN COSMOLOGY. George Gamow in 
SCientific American, Vol. 190, No. 3, 
pages 54-63; March, 1954. 

THE PRIMEVAL ATOM. Georges Lemal
tre. D. Van Nostrand Company, Inc., 
1950. 

THE STEADY-STATE UNIVERSE 

COSMOLOGY. H. Bondi. Cambridge 
University Press, 1952. 

THE STEADy-STATE THEORY OF THE Ex
PANDING UNIVERSE. H. Bondi and T. 
Gold in Monthly Notices of the Royal 
Astronomical SOCiety, Vol. lOS, No. 3, 
pages 252-270; 1948. 

THE RED-SHIFT 

THE EXPANSION OF THE UNIVERSE. Paul 
Couderc. Faber & Faber, Ltd., 1952. 

THE REALM OF THE NEBULAE. Edwin 
Hubble. Yale University Press, 1936. 

RED-SHIFTS AND MAGNITUDES OF EXTRA

GALACTIC NEBULAE. M. L. Huma
son, N. U. Mayall and A. R. Sandage 
in The Astronomical Journal, Vol. 61, 
No. 3, pages 97-162; April, 1956. 

THE DISTRIBUTION OF GALAXIES 

COMPARISON OF THE SYNTHETIC AND 

ACTUAL DISTRIBUTION OF GALAXIES 

ON A PHOTOGRAPHIC PLATE. E. L. 
Scott, C. D. Shane and M. D. Swan
son in The Astrophysical Journal, Vol. 
119, No. 1, pages 91-112; January, 
1954. 

FREQUENCY OF SEPARATION AND INTER

LOCKING OF CLUSTERS OF GALAXIES. 

Jerzy Neyman and Elizabeth L. Scott 
in Proceedings of the National Acad
emy of Sciences, Vol. 39, No. 8, pages 
7 37 -7 43; August, 1953. 

ON THE PROBLEM OF EXPANSION OF 

CLUSTERS OF GALAXIES. J. Neyman 
and E. L. Scott in Studies in M athe
matics and Mechanics Presented to 
Richard von Mises; Academic Press 
Inc., 1954. 

ON THE SPATIAL DISTRIBUTION OF GAL

AXIES: A SPECIFIC MODEL. J. Ney-
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Flush antennas: a creative challenge for Boeing engineers 

The translucent "window" slightly above 
and to the right of the man's head is a 
plastic and glass fiber insulator which 
electrically isolates the fin tip from the 
rest of the airplane's structure. This per
mits the tip to be used as an antenna-one 
of more than 50 on the Boeing B-52. 
Many of these antennas take structural 
loads, and they must function perfectly 
through extremities of stress, vibration 
and temperature change. 

In this and other Bush antenna projects 
for airplanes and guided missiles, me
chanical and civil engineers investigate 
new materials and ways of using them, 
and devise structures and components to 
withstand the extreme conditions of high
speed Bight. Electrical engineers and 
avionics specialists develop antennas 
whose electrical properties remain con
stant in unfriendly physical environ
ments. Aeronautical engineers make 
certain that these antennas preserve the 
aerodynamic integrity of the aircraft. 

Flush antennas will become increas
ingly important as planes and missiles 
enter the hypersonic region. They are 
just one example of how, at Boeing, en
gineers find challenging and creative 
work, and a chance to be leaders in the 
growth of the engineering art. Because of 
Boeing's steady expansion, the number 
of engineers employed by the firm has 
actually quadrupled during the past ten 
years. And more engineers are needed 
for research, design and production on 
the B-52, the 707 jet transport, the KC-
135 jet tanker, the BOMARC IM-99 
pilotless interceptor, and on other proj
ects which cannot yet be announced. 

Engineers who join Boeing will find, 
in small and tightly knit project teams, 
individual recognition and opportunity 
for professional growth. They will be 
able to pursue advanced studies with 
all tuition costs paid by the company, 
and participate in a liberal retirement 
plan. There may be an opportunity for 

you to work with outstanding men 
in many fields at Boeing. Why not find 
out today? 

• JOHN C. SANDERS, Staff Engineer - Personnel 
• Boeing Airplane Co., Dept. B-55, Seattle 24, Wash. 

• R. 1. B. HOFFMAN, Administrative Engineer 
• Boeing Airplane Co.; Dept. B-55, Wichita, Kansas 

• If you want further information on the advan-
• tages of a career with Bo�ing, please send coupon 

to either of the above addresses. 

• Name ________________________ __ __ _ 

• 
Coliege(s), __________ Degree(s)_ Year(s)_ 

• Address __________________________ __ 

• City ____________ Zone_ State ______ _ 

• Telephone number ___________________ __ 

BOEIN8 
Aviation leadership since 1916 

SEATTLE, WASHINGTON WICHITA, KANSAS 
MELBOURNE, FLORIDA 
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Scientists ... Engineers 

A n invitation 

from Dr. W. E. Johnson, Project Manager 

Westinghouse 
Commercial 

Atomic Power 

"In our work on the Pennsylvania Advanced Reactor with the 
Pennsylvania Power and Light Company, we are pioneering 
an entirely new type of nuclear power plant. It is known as an 
aqueous homogeneous reactor, and offers numerous advan
tages over conventional fixed-fuel types. 

"This is only one of our exciting and challenging projects, 
which keeps every man on his toes here at CAP A. May we 
talk with you and tell you more?" 

An Experienced, Young, Fast-Growing Team 

CAPA-Commercial Atomic Power Activity-is the most dy
namic new division at Westinghouse. We're "fluid," not fixed. 
Supervisory jobs open up fast! 

Our growth curve is bound to be steep-as electric power 
demand and atomic power production pyramid sharply. We're 
entirely commercial-not dependent on government contracts. 
Opportunities for advanced study at company expense. Get in 
on the "industry of tomorrow" today-at Westinghouse CAPA. 

Immediate Openings for professionally established men and 
those just starting their careers: Physicists· Physical Chem
ists • Chemical Engineers· Mechanical Engineers. Electrical 
Engineers. Designers· Metallurgists. 

Send your 
/ / 

resume 

Please mail resume of your professional and 

business background to: C. S. Southard, West

inghouse Commercial Atomic Power, Box 355, 

Dept. 101, Pittsburgh 30, Pennsylvania. 

WATCH WESTINGHOUSE! 
FIRST IN ATOMIC POWER 

man, E. L. Scott and C. D. Shane in 
The Astrophysical Journal, Vol. 117, 
No. 1, pages 92-133; January, 1953. 

SPATIAL DISTRIBUTION OF GALAXIES

ANALYSIS OF THE THEORY OF FLUCTU

ATIONS. Jerzy Neyman and Elizabeth 
L. Scott in Proceedings of the Na
tional Academy of Sciences, Vol. 40, 
No. 10, pages 873-881; October, 1954. 

RADIO GALAXIES 

A DETAILED RADIO MAP OF THE SKY. 

J. D. Kraus and H. C. Ko in Nature, 
Vol. 175, No. 4,447, pages 159-161; 
January 22, 1955. 

THE ISOTROPIC COMPONENT OF COSMIC 

RADIO-FREQUENCY RADIATION. J. R. 

Shakeshaft in The Philosophical Mag
azine, Vol. 45, No. 370, pages 1,136-
1,144; November, 1954. 

THE OBSERVATION AND INTERPRETATION 

OF RADIO EMISSION FROM SOME 

BRIGHT GALAXIES. B. Y. Mills in 
Australian Journal of PhYSiCS, Vol. 8, 
No. 3, pages 368-389; September, 
1955. 

RADIO ASTRONOMY. J. L. Pawsey and 
R. N. Bracewell. Oxford University 
Press, 1955. 

RADIO STARS AND THEIR COSMOLOGICAL 

SIGNIFICANCE. Martin Ryle in The 
Observatory, Vol. 75, No. 887, pages 
137-147; August, 1955. 

SPATIAL DISTRIBUTION AND THE NATURE 

OF RADIO STARS. M. Ryle and P. A. G. 
Scheuer in Proceedings of the Royal 
Society of London, Series A, Vol. 230, 
No. 1,182, pages 448-462; July, 1955. 

COSMOLOGY AND SCIENCE 

DIALOGUE ON THE GREAT WORLD SyS

TEMS IN THE SALUSBURY TRANSLA

TION. Edited by Giorgio de Santillana. 
University of Chicago Press, 1953. 

OPTICKS: OR A TREATISE OF THE RE

FLECTIONS, REFRACTIONS, INFLEC

TIONS & COLOURS OF LIGHT. Sir Isaac 
Newton. G. Bell & Sons, Ltd., 1931. 

SCIENCE AND MODERN COSMOLOG
·
Y. 

Herbert Dingle in Science, Vol. 120, 
No. 3,1 18, pages 513-521; October, 
1954. 

THE SCIENTIFIC ADVENTURE: ESSAYS IN 

THE HISTORY AND PHILOSOPHY OF SCI

ENCE. Herbert Dingle. Sir 1. Pitman & 
Sons, 1952. 

THE AMATEUR SCIENTIST 

EXPERIMENTAL SPECTROSCOPY. Ralph 
A. Sawyer. Prentice-Hall, Inc. , 1944. 

TELESCOPES AND ACCESSORIES. George 
Z. Dimitroff and James G. Baker. The 
Blakiston Company, 1945. 
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Engineers • Physicists 

• Planned progress is the key to success for an individual as well 

as a business. 

• Here at BURROUGHS we know where we are going ... our 
course is charted and, like such advanced Intercontinental Ballistic Missiles 

as ATLAS and TITAN, we too are on the way up! 

More than 1,300 people and in excess of 200,000 
square feet of working space in our three centers, located 

in the Paoli area, testify to our progress since 1954. 

• If YOU are an Engineer or Physicist ... ON THE WAY UP . . • 

why not make the ascent with us in the creation and development of the 
advanced new computer techniques which will be required to control the 

course, speed and altitude of such Intercontinental Ballistic Missiles as 

ATLAS and TITAN as they are propelled out into space beyond the earth's 
atmosphere? 

• Sage ... IRBM ... ICBM ... are just a few of the many 

government projects under way at BURROUGHS RESEARCH CENTER 
where, and equally important, untold time and creative effort is also being 
spent by our scientists on new and better ways to improve the business 

machines which have given BURROUGHS the right to use the slogan: 

THE Fo,emost Nllme IN COMPUTATION 
To Meet Tomorrow's Challenges Today 

8u/'l'oughg /nvifeg /nquitieg ftom Thoge Qualified A$: 
• ELECTRICAL ENGINEERS • ELECTROMECHANICAL ENGINEERS 
• MECHANICAL ENGINEERS • MECHANICAL DESIGN ENGINEERS 
• MATHEMATICIANS • PHYSICISTS 
.. . in the following fields - Control Computers, Pu lse Circu itry, Digital 

Computers, Optical Devices, High Speed Mechanisms, Guided Missiles, Solid State 

Circuitry, Electronic Packaging, Electrographic Recording Devices. 

Write or Telephone M. E. JENKINS, Placement Managet 

�qrrougLs 
RI'S�����ATION 
Paoli p el' N r I' R 

, a. Paoli 3500 
Nea/' lIigfotic Valley Fotge 
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Dr. Peter D. Johnson, S. B., Harvard 
(1942), Ph.D., University of North 
Carolina (1949), is a research associate 
in the Light Production Studies section 
of the General Electric Research Lab
oratory. His fields of interest include 
fundamental studies of luminescence, 
chemical light sources, optics, solid-

i state physics and physical chemistry. 

Seeking new facts about phosphors 
Dr. Peter D. �ohnson of General Electric explores activators 

in phosphors to improve tomorrow's lighting and television 

Efficient light output-in fluorescent lamps, television 
screens, and electroluminescent panels-is an obvious 
goal of phosphor research. Achieving "more lumens 
per watt," however, is only part of the problem. Scien
tists also seek phosphors with rapid response, proper 
color characteristics, and other properties-and they 
know that these properties are controlled by intention
ally introduced impurities called activators. 

At the General Electric Research Laboratory, Dr. 
Peter D. Johnson has devised a variety of decisive ex
periments for evaluating the theories of how activators 
work. Dr. Johnson and his associates have achieved new 
understanding of the factors controlling efficiency in 

electroluminescence, have obtained basic facts about 
the phosphors used in present-day commercial lamps, 
and have been able to design phosphors for such special 
applications as color television. 

As we see it, providing scientists with freedom and 
incentive to extend the frontiers of knowledge is funda
mental to the creation of better products, better jobs, 
and more opportunities for human satisfactions. 

'!+ogress Is Ovr Most Impol'f�nf ltodvd 

GENERAL e ELECTRIC 
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Power for Peace . • .  To the sun's diDuse rays we owe our wealth and well-being. Now, 
scientific re�earch focused on controlled �olar energy may lead us, within this century: 
to an end of hunger, through commercial adaptations of photosynthesis, the process by which 
plants create substance out of sunlight; to an end of thirst, through solar distillation of fresh 
water from sea water j to an end of pot'erty, through direct conversion of sunlight into electricity. 

GENERAL DYNAMICS CORPORATION . 445 PARK AVENUE. NEW YORK 22. N. Y. 

c.v o 'i:P:2 . 0"411_' 
-", " 

© 1956 SCIENTIFIC AMERICAN, INC



NEVW DEPARTURES OF TOMORRO\N 

TOMORROW: A shipload in mioutes-automatically-as Future Freighter scoops up preloaded barges, stows them, speeds to destination! 

TODAY: New Departure ball bearings 
serve marine industries with maximum 
durability and minimum upkeep under 
varied conditions. 

This "Cargo Catamaran" discharges loaded barges, plucks newly 
loaded ones from dockside . . . nests them high and weathertight 
to its central hull. Cargo and barges are rushed intact to destination, 
where unloading and reloading occur with minimum port time. 

When this "shipper's dream" slips down the ways, New Departure ball 
bearings will still be first choice-aship or ashore-wherever shafts must 

turn with maximum efficiency, speed and dependability. 

Leading industries just naturally look on New Departure products and 
engineering service as shipmates for smooth sailing. 

NEW DEPARTURE. DIVISION Of GENERAL MOTORS. BRISTOL, CONNECTiCUT 

NOTHIN G ROLLS LIKE A B ALL 
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