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it's a pushbutton world ... 
controlled by the Westinghouse World of Pushbuttons 

Push a button and a lump of iron is transformed into a finished engine block. Push a button and a shining 

body settles snugly onto a chassis. Wherever motions are mechanized, pushbuttons put control at man's 

fingertips. Westinghouse makes an almost unbelievable variety of these pushbuttons ... more 

than 1,500,000 combinations to help you make every motion count. Make your selection easy by 

writing for the two free brochures (B-7022, B-7274) describing the Westinghouse World of 

Pushbuttons. Westinghouse Electric Corporation, Standard Control Division, Beaver, Pennsylvania. 

WATCH "WESTINGHOUSE LUCILLE BALL-DESI ARNAZ SHOWS." CBS TV MONDAYS YOU CAN BE � ... IF ITS Westinghouse 
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Progress Report OR 

TITANIUM PARTS FOR EXTREMES OF 

TEMPERATURE AND STRESS 

More than 1,350,000 pounds of tita­
nium were fabricated by the Tapco 
Group of Thompson Ramo Wooldridge 
Inc. last year. From our experience as 
the major fabricator of this metal has 
come broad experience in techniques of 
design, testing, joining, shaping, heat­
treatment, and forming, for all ranges of 
temperatures from sub-zero applications 
such as pressure bottles for gaseous heli­
um at -320° F. (Fig. 1) to jet engine 
parts operating up to +750° F. (Fig. 2) 
SOLVING DESIGN PROBLEMS. Proper 
compromise between useful character­
istics of titanium and its limitations is a 
vital factor in designing with this new 
metal. For example, on a pressure vessel 
(Fig. 1) the welding along a seam af­
fected the strength and ductility of the 
vessel in the vicinity of the weld. By us­
ing the vast titanium design experience 
of the Tapco Group, it was possible to 
redistribute stressed areas so they would 
fall within the weld capability. 

Another design technique used by 
Tapco involved the "pre-design" devel­
opment and testing of each individual 
process and technique to be combined 
in the final composite design. This "pre­
design" development method helps 
Tapco engineers determine the best de­
sign factors, forming and joining meth­
ods, and the probable performance 
results before expensive tooling and 
man-hours are put into fabricating ex­
pensive titanium. 
FORGING TITANIUM. By precision­
forging titanium jet engine blades and 
vanes at the rate of 65,000 pieces per 
month, the Tapco Group has developed 
a unique "state-of-the-art" background 

Figure I-Testing a Tapco·made forged-and­
welded titanium pressure vessel under actual 
operating conditions at 5,000 psi and -3200 E 

on titanium forgings. For example, tita­
nium slugs 2Jf" in diameter weighing 
8.2 pounds (Fig. 2) have been forged 
by Tapco into vanes and blades requir­
ing no air-foil finish-machining. 

At Tapco, methods have been devel­
oped to move large volumes of titanium 
with relatively low forging pressures 
and maintain the same precision of di­
mension and contour common to the 
precision forged steel parts. For ex­
ample, titanium compressor blades have 
been forged to finished size with trail­
ing edges as thin as 0.010" in thickness 
and with form tolerances ranging from 
0.006" to 0.010". The methods employed 
by Tapco in producing these titanium 
forgings result in a reduced cost by more 
efficient forging techniques, such as 
avoiding excessive Rash and machining 
tolerances, as well as processing scrap. 
HEA T-TREATING TITANIUM. Tapco 
Group heat-treatment techniques have 
developed titanium alloys with strengths 
as high as 200,000 psi in formed parts 
(see Table I). 

WELDING AND BRAZING TITANIUM. 
Research and development work on 
welding and brazing methods bv the 
Tapco Group have brought out im-

Figure 2-Example of titanium forging pro­
duced by the Tapco Group for use in jet 
engines. Shown left to right are the cut off 
slug, forged blade and finished blade. 

proved techniques of joining. Titanium 
is successfully joined by controlled tech­
niques ... heliarc, spot, seam, consum­
mabIe electrode welding, both manu­
ally and automatically. 

Brazing of precision assemblies is ac­
complished by induction and furnace 
methods. 
To learn more about the knowledge and 
experience of the Tapco Group with ti­
tanium, write us, defining your design 
problem or idea in some detail. 

NOMINAL PROPERTIES OF TITANIUM ALLOY PARTS PROOUCED BY THE TAPCO GROUP 

ALLOY 
CHEMICAL ANALYSES 

AL V Fe Cr Mo Mn 

Ti6AL·4V 6.0 4.0 - - - -
Ti6AL·4V 6.0 4.0 - - - -
Ti6AL·4V 6.0 4.0 - - - -
Ti6AL·4V 6.0 4.0 - - - -

CI30AM 4.0 - - - - 4.0 
CI30AM 4.0 - - - - 4.0 
CI30AM 4.0 - - - - 4.0 

Til50A - - 1.5 2.7 - -
Til40A - - 2.0 2.0 2.0 -
CI35AMo 7.0 - - - 4.0 -
CI35AMO 7.0 - - - 4.0 -
Til55A 5.0 - 1.3 1.4 1.4 -
Til55A 5.0 - 1.3 1.4 1.4 -
MST 821 8.0 - 2.0Cb 1.0Ta - -
Ti 8·1·1 8.0 1.0 - - 1.0 -
AllOAT 5.0 - - - - -
A70 - - - - - -

Sn 

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
2.5 
-

Room Temperature Tensile Properties 
Ultimale Yield Percent Percent TenSile Strenglh Elongation Reduction Str��fth, (O�:;O)' in 40 of Area 

150000 145000 18 50 
170000 165000 18 45 
140000 130000 12 25 
155000 140000 10 25 

140000 125000 25 40 
145000 140000 15 35 
160000 155000 15 35 

140000 130000 25 50 
150000 145000 20 45 
170000 165000 15 40 
190000 185000 12 25 

185000 180000 15 30 
200000 190000 10 15 
145000 140000 18 40 
155000 150000 18 45 

125000 120000 18 40 
95000 80000 25 50 

PART 

Stress relieved blades. 
Heat treated blades. 
Turbine wheel. 
Heat treated cryogenic 

vessels. 
Stress relieved blades. 
Large turbine wheel. 
Small turbine wheel. 

Stress relieved blades. 
Stress relieved blades. 
Stress relieved blades. 
Heat treated blades. 

Stress relieved blades. 
Heat treated blades. 
Annealed blades. 
Annealed blades. 

Compo case assembly. 
Vanes. 

Table I - Typical chemical and mechanical characteristics of titanium 
alloys fabricated by the Tapco Group for a wide range of services. 

DEPT. 5-1158 • CLEVELAND 17, OHIO 

© 1958 SCIENTIFIC AMERICAN, INC



•••• • • • •  8 • • • • • • • • • • • • • • • • • • • • ••••••••••••••••• ••• •••••• • 

. 

THE P-E SPECTRUM 
. 

• • • • • • • • • • • • • • • • • • CI • • • • • • • • • • • • • • • • • • • • • • • •• • • • • • • • •• ••• 

news of advanced systems and instruments from Perkin-Elmer 

LARGER BALLOON-BORNE SOLAR TELESCOPE PLANNED � 
The success of Project Stratoscope I last fall, when the sharpest photographs of the sun 
ever obtained were taken by a special balloon- borne telescope from over 80,000 feet, has 
led to plans for building a larger telescope to photograph the planets and other celestial 
objects. Perkin-Elmer, which designed and built the 12-inch sun telescope, is currently 
engaged in the design and study for a 36-inch telescope. A television link is planned to 
control the telescope from the ground. The Stratoscope projects are sponsored by the 
Office of Naval Research and are under the direction of Dr. Martin Schwarzschild of 
Princeton University. 

.... "NEW CONCEPT" POTENTIOMETER HELPS CHECK 

'l1li OUT B-58 AUTOMATIC FLIGHT CONTROL SYSTEM 

A mobile test set, built by Eclipse­
Pioneer Division of Bendix Aviation 
Corp. to check out the complex auto­
matic flight control system of the 
B -58 Hu s t l e r  bo m b e r, u t i l i z e s  a 
unique type of a.C. potentiometer 
developed by Perkin-Elmer. The 
Vernistat* is based on a new concept 
in relating shaft rotation to voltage. 
In the B-58 test set, several Vernistats 
provide accurate sources of test volt­
ages used to simulate control system 
signals. An alternative method of 
supplying voltage levels would have 
necessitated several additional com­
ponents and would have cost four 
times as much as the Vernistat system. 

COLLEGES AOOPTING NEW, LOW-COST 

� INFRARED INSTRUMENT 

A new, easily operated infrared spec­
t r o p h o t o m e t e r  i s  f i n d i n g  r e a d y  
acceptance in college chemistry cur­
ricula, according to a recent survey. 
A third of all A.C.S. accredited col­
leges offering chemistry degrees, and 
almost half of all A.C.S. accredited 
colleges offering graduate chemistry 
degrees own at least one Perkin-Elmer 
INFRACORD':' instrument, the survey 
showed. Chief reason for the INFRA­
CORD'S popularity, aside from its low 
price, is its simple operation-a wide 
range of useful infrared analytical 
work can be performed by students 
with only a few hours of previous 
instruction in infrared theory and 
techniques. 

·Perkin-Elmer, INFRA CORD and Vernistat are 

registered trademarks of The Perkin-Elmer 

Corporation. 

What is "Optics Plus"? The important, exciting 
performance of modern optics has taken optical technology 
far beyond its traditional role. Today's optical systems are 
complex integrations of optics, mechanics and electronics. 
The special ability to combine these skills - to take an 
instrument or systems problem and "see it whole" - is 
what we mean by Optics Plus. Perkin-Elmer has this abil­
ity, and the production facilities to implement it. For infor­
mation on Perkin-Elmer and the products it makes for a 
wide range of growing industrial, scientific and defense 

markets, write to Perkin-Elmer Corporation, 915b Main 
Ave., Norwalk, Connecticut. 

Perkin -EIlDer Cn;tnIitimr-
NORWALK, CONNECTICUT 

A NALYTICAL INSTRUMENTS MILITARY SYSTEMS 
FINE OPTICS PRECISION ELECTRONIC COMPONENTS 
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YOU 
MUST 
NUR 
IT! 

F
ROM THE MO;-'1ENT you hear Bogen 

high-fidelity stereophonic sound, 

you will realize the revolutionary ef­

fect of this latest development in sound 

reproduction. Close your eyes and your 

living room becomes a concert hall 

filled with the authentic sounds of 

great music performed by great artists. 

This is something you must hear to 

appreciate ... the sound of Bogen ster­

eophonic high-fidelity components In 

your home. 

Why Bogen? . .  Because the full 

potential of stereophonic sound can 

only be achieved with genuine high­

fidelity components. When you start 

your stereophonic system, you are mak­

ing an investment in the future which 

will repay you with long years of musi­

cal satisfaction for you and your family. 

You can buy Bogen equipment con­

fidently with the knowledge that its 

high reputation for technical excel­

lence, confirmed by leading testing 

organizations, is complemented by 

careful production control and out­

standing styling. Stereophonic high­

fidelity systems by Bogen cost less than 

you might believe (new stereo ampli­

fiers start at $115.00), and the results 

are breathtaking. 

YOU MUST HEAR IT SOON! Before 

another week goes by, stop in to see 

your dealer for a demonstration of 

stereophonic high-fidelity by Bogen. 

If you now own a Bogen high­

fidelity system, you're more than half 

way there! Stereophonic conversion 

can be made right now on any Bogen 

high-fidelity system manufactured 

since 1940. Not just an added second 

channel, hut completely integrated, 

balanced stereo. YOU1' Bogen dealer is 

ready now to help you select the best 

stereophonic adapter and amplifier to 

match your present system. 

&gen STER�OPHONIC 
• . .  because it sounds better Hie H FI DE LIlY 

4 

STEREO EXPLAINED 
Mall coupon and 25t tor the new 

Stereo Hlgh·Fl dellty edition oi 
"Understanding High Fidelity." 

Over 260,000 readers have found 

the monaural edition to be the most 

lucid explanation of the whY,f and 

hows of hlgh·lIdellty. 

David Bogen Company, Paramus, N. 1 . . Dept. E·ll 
Please send new stereo edition of "Understanding High Fidelity" 

(tor which I enclose 251) and a free catalog. 

o Please send free catalog only. 

NAME . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

ADJ)RESS .................................................... . .  

CITy • . . . . . . . . . . . . . . . . . . . . . . . .  ZONE .... STATE .. . . . . . . . . . . . . . . . . 

David Bogen Co., Paramus. N. J . •  A Dh·1sion or The Siegler Corporation 

Manuracturers of High-Fidelity Components, Public Address Equipment and Intercommunication Systems 

THE COVER 

The painting on the cover, which 
resembles an abstraction by the 
artist Piet �ondriaan:, 

is act��lIy a 
representatIOn of a perfect rec­
tangle, that is, a rectangle made up 
of squares of unequal size (see 
"Mathematical Games," page 136). 
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Cover painting by Mary Russel 
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Filters for extreme conditions ... 

With one end of a 3" long cylin· 

drical Purolator porous metal 

el ement suspended in liquid 

oxygen. the other end was 

heated electrically. Neither the 

element itself nor the f used 

seam joining the fitting to the 

element was affected by the reo 

suiting thermal shock. This dia· 

grammatic sketch shows how 

the filter was prepared for the 

THERMAL SHOCK 
Purolator metal filter media can take it 
How much thermal shock can a filter withstand? 
In a recent series of experiments, various samples of 
Purolator metal filter media stood up under temperature 
gradients, across short lengths, of up to 5000 F . . .  and could 
have taken more. There was no effect on filter efficiency. 
Thermal shock is only one of the difficult operating prob­
lems Purolator's staff of "Q" and "L" cleared-filtration 
experts handle regularly. They can design and produce 
the exact filter needed to remove any known contaminant 
from any known fluid under any operating conditions. They 
have produced filters and separators to operate within the 
following wide ranges of conditions: 

TEMPERATURES: from -420' to 1200'F. 
PRESSURES: from a nearly perfect vacuum to 6,000 psi. 
RATES OF FLOW: from drop by drop to thousands of GPM. 
DEGREES OF FILTRATION: from submicronic to 700 microns 
(in various media). 

No other filter manufacturer can offer such complete serv­
ices to handle so wide a range of tough operating conditions. 
These brochures outline what Puro-
lator can do for you, or, if you have 
an urgent filtration problem, call 
Jules Kovacs, Vice President in 
charge of Technical Sales . . .  or send 
him the details of your application. 

Filtration For Every Known Fluid PUROLATOR 
PRODUCTS, INC. 

RAHWAY, NEW JERSEY AND TORONTO, ONTARIO, CANAOA 
. 5 
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NYLON, "DACRON"', "ORLON"', "TEFLON'" and "SUPER CORDURA'" 

How Du Pont Fibers 

Help Solve the Problems 

of Modern Industry 
• Du Pont industrial fibers can be tailored to meet an immense range 

of product requirements. For example, special properties can be built 

into the man-made fibers, such as shrinkability, stretchability, fusi­

bility, dimensional stability, crimp and curl. In addition, each type of 

fiber offers its own special advantages with regard to properties: 

Nylon fiber provides great toughness; "Dacron" polyester fiber­

sh,ength with low stretch; "Orlon" acrylic fiber - excellent weather 

resistance; "Teflon" TFE-fluorocarbon fiber - extreme resistance to 

corrosives; "Super Cordura" high tenacity rayon fiber - highest 

strength per dollar. Better semi-finished products are made from 

these fibers (yarns, fabrics, felts, batts, papers) and provide the start­

ing point for a great variety of new applications. Designers are taking 

advantage of the strength and durability of Du Pont fibers to use 

them in many new ways, as shown by the interesting products pic­

tured at right. 

It will pay you to review the properties of these fibers and see how 

they fit in with your plans. Chances are that Du Pont fibers can make 

an important contribution to one of your products or processes. 

Du Pont's testing and research activities and experience offer you an 

authoritative source of assistance. Let us help you with your next 

materials problem. 

6 

DU PONT FIBERS FOR INDUSTRY 

<[U PON» 
�EG. U.S.PAT.OFF. 

BETTER THINGS FOR BETTER LIVING 
• • . THROUGH CHEMISTRY 

*Registered Du Pont trademarks 

E. 1. du Pont de Nemours & Co. ( Inc.) 
Textile Fibers Department 
5518-Y Nemours Building, Wilmington 98, Delaware 

Please send me more information on industrial applications of Du Pont 
fibers. I am interested in evaluating these materials for: _____ _ 

Name ________________________ __ 

Addl'ess _______________________ _ 

Cit!! & State _____________________ _ 

CHASSIS LUBRICATION may soon be a thing of the 
past for all automotive joints subject to high loads at 
low speeds. A new ball joint lined with a fabric of 
"TeHon" is designed for use in steering and suspension 
systems. The "TeHon" fibers provide an extremely low 
coefficient of friction. Substitution of the new "seIf­
lubricated" ball joint can eliminate kingpin wear, 
high initial steering torque and slip-stick motion. 
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STORAGE TANKS CALLED "WHALES" because of their size and 
shape are made of nylon fabric coated with neoprene rubber. The 
nylon lends high tensile strength and light weight to the construc­
tion. Nylon is unaffected by grease, oil or moisture and will not 
rot in contact with soil. The tanks have a capacity of 15,000 gallons 
and, when empty and rolled up, are easily transported into rough 

INDUSTRIAL FIRE HOSE has always led a short, tortured life ... 
dragged over rough floors through oil and chemicals, stored out­
doors with the fabric outer jacket exposed to mildew damage. That's 
why hose manufacturers have switched to jackets of "Dacron". 
"Dacron" has high resistance to damage by abrasion, chemicals and 
mildew. The new hose has important performance advantages. It 
can be stored in half the space needed for conventional hose. It's 
only three-fourths the weight, too - so it handles easier and faster. 

country. Cost of transport to a remote oil field in one instance was 
$12.50, compared with $175 for moving a steel tank of the same 
capacity. The tanks can be rolled up into a package 8 feet long by 
2); feet in diameter. A small truck can carry about seven of these big 
tanks, and they are easily loaded by two men. The light weight of 
these storage tanks makes it possible to ship them by air. 

NON-WOVEN FABRICS are coming into their own with the availa­
bility of man-made fibers. High-grade electrical tapes are made of 
non-woven fabrics of "Dacron" polyester fiber. "Dacron" has great 
strength and will not absorb moisture. The non-woven tape stretches 
to give a secure, snug fit in coil winding. The result is neat appear­
ance with up to one-third increase in dielectric strength. 

Enjoy the "Du Pont Show of the Month"-on CBS-TV 

7 
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fASTER PHOTOMICROGRAPHY 

T h e  T r i o c u l a r  
Body, combining 
b i n o c u l a r  e y e· 
pieces for comfort. 
able visual use and 
a m o n oc u l a r  
photographic tube, 
lets you scan, orient 

and focus in the usual way. When 
ready to take a picture, just a 
glance at the Reflex Back of your 

camera and CLICK! That's it! 
There's no guesswork, no waste of 
time or film. You photograph 
just what you see-and what you 
see is unequalled in image quality. 

ON· THE·SPOT CONSULTATION 

With the new B&L 
Triocular micro-

, scope and Model N 
Eyepiece Camera, 

, you and a colleague 
can study the same 
subject, at the same 
time, through the 

same microscope. Invaluable for 
collaboration, especially in studies 
of moving material. Ample light 
(with B&L Professional Illumina· 
tor) even for phase contrast, dark· 
field, deeply stained specimens. 

BAUSCH & LOMB 

Q2J� 
RESEARCH MICROSCOPES 

PLUS ALL THE EASE AND COMFORT 

EXCLUSIVE WITH B&L DYNOPTIC DESIGN 

As in all B&L Dynoptic Microscopes, controls 
are positioned low to let your hand rest on the 
table throughout orientation and fine focusing. 
Ball bearings and rollers "float" the focusing 
system for effortless operation. World's finest 
optical system makes prolonged observation 
easy on your eyes. 

(Complete Trioell/ar Microscope, or interchange­
able Triocular body, available itl B&L Dynoptic 
Laboratory and Research Microscope models.) 

r MAil COUPON FOR DATA AND DEMONSTRATION -, 

I BAUSCH & LOMB OPTICAL CO. , 
I 6943 5 St. Paul St., Rochester 2, N. Y. I I, D Send me B&L Dynoptic Triocular II Microscope Catalog D·1084. 
I D Schedule a demonstration, in my lab, I I at my convenience. I 
I , 
I �::F

E
�S�I

T
O

L
:�� . .... n. .. . . ..... . I 

I ADDRESS.. I 
I I L:::.:.:.::=='.:':':':':'::::::':'::':::':':'::':::'::'::':':':':":'::':':'::'::':':'::'::':':'::'::':':'::':..J 

LETTERS 
Sirs: 

It is customary in certain literary cir­
cles, when asked what's wrong with man 
today, to reply glibly that of course his 
universe has been pulled out from un­
der him by science and that havin::; 
nothing left in which to believe he there­
fore produces a literature of despair. But 
many sober people-in and out of literary 
circles-are sick and tired of such despair 
as realism is producing on the stage and 
in the novel. "Why," they ask, "must we 
have the never-ending flow of nothing­
ness: the grim parade of the sordid, the 
rotten, the hopeless, the lost? " The an­
swer, I believe, lies partly in the proper 
understanding by literary (and other) 
people of what science really is, and 
never have I seen the explanation more 
lucidly made than in the pages of your 
September issue. 

Consider three of the most prominent 
"house-wreckers " on the modern scene: 
Darwin, Freud and Einstein. Can any 
sane man who has a glimmering of sci­
ence accuse these men of "wrecking " the 
universe? Of course not. As one after 
another of your articles demonstrates, 
scientists are builders; it is in the nature 
of scientific inquiry, at its highest, to 
seek after a unity in nature. To accuse 
Einstein of wrecking Newtonian me­
chanics is like accusing Shakespeare of 
wrecking Petrarch-and Seneca, and 
Plautus, and all of the great poets who 

Scientific American, November, 1958; Vol. 199, 
No.5. 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 correspondence should be addressed to 
The Editors, SOENTIFIC AMERICAN, 415 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 l\'1artin M. Davidson, Advertising Manager, 
SCIENTIFIC AMERICAN, 4]5 Madison Avenue, New 
York 17, N. Y. 

Subscription correspondence should be ad· 
dressed to Jerome L. Feldman, Circulation Man­
ager, SCIENTIFfC AMERICAN, 415 Madison Avenue, 
New York 17, N. Y . 

Change of address: Please notify us four we�ks 
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. 

Suhserilltion rates for U.S.A. and possessions: ] 
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3 years, 8]8. 
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Foxboro makes 

a better instrument 

... or Foxboro 

doesn't make it! 

Test·ponel calibration of the Foxboro Consotrol Controller. Its exclusive flooting.disc 

design has introduced new simplicity and dependability in process control systems. 

JiOXBORO 
REG. U.S. PAT. OFF. 

Creative Design and Manufacture of Instruments and Instrument 

Systems for Measurement and Control of Process Variables. The Foxboro Company. Foxboro. Mass .. U. S. A. 
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When tbe Quality of the Mixing 
is Important ... Radioisotopic 
Ana�sis Can Help Maintain It 

From motor fuels to breakfast foods, most industries have a mixing 
problem somewhere along the line. Determination of proper and 
practical mixing techniques is important, and frequently difficult 
with conventional analytical methods. But with radioisotopic 
analysis the evaluation of mixing efficiency* is simple, fast and 
economical. Jt is only necessary to tag one of the components of 
the mixture with a radioactive compound and then measure the 
radioactivity either continuously or in aliquots from different re­
gions during or after the mixing process. 

The oil refining industry has made use of this method of mixture 
evaluation most effectively. For instance, it was used to determine 
proper blending of two streams of feed stocks of varying viscosity 
and to detect non-uniformity of the flow of liquid in refinery dis­
tilling columns. The method has been applied to a variety of in­
dustrial uses, too, from measuring mixing of fine dust in the air 
of ventilated coal mine passages to analyzing the flow of sewage 
and industrial waste in moving bodies of water. 

Designing and manufacturing dependable instruments for meas­
uring radioactivity has been our business at Nuclear-Chicago for 
more than 12 years. Our experienced field engineers will be happy 
to advise you on instrumentation best suited for your research 
problems. We offer Research Quality Radiochemicals, too. 

* We have prepared a technical description of procedures used in mixing evaluation by 
radioisotopic analysis alld will be glad 10 send you a copy on request. Ask for Techllical 
Bulletill No.2. 

247 WEST ERIE STREET • CHICAGO 10. ILLINOIS 

preceded him. Great artists, like great 
scientists, are builders. 

But where are the builders in the arts 
today? Samuel Beckett? Ionesco? Ten­
nessee Williams? The authors of the 
flood of novels and plays appearing 
yearly that do nothing but pOint to the 
worst in human nature? 

Are these people builders? I think 
rather that they are vandals, who throw 
their stink-bombs into the structure and 
run off in glee to turn in the alarm. 
"Look," they shout, "the house is burn­
ing; the house is burning. Albert Einstein 
told me, and Sigmund Freud told him, 
and Charles Darwin told him . . .  etc. " 

As a matter of fact, as the various 
articles in your magazine should make 
clear, the house isn't on fire at all. Of 
course, it's by no means air-conditioned: 
but neither was London in 1600, nor 
Florence a century before that, nor Ath­
ens many centuries earlier. 

But it is the business of the poet and 
the scientist to-in Bronowski's excellent 
phrase-"outstrip the facts. " Thus sci­
ence, in its essence, is poetry: the scien­
tist is continually creating and recreating 
the universe, leaping into the unknown 
much as the poet leaps when he creates 
the "stately pleasure-dome. " To accuse 
such a man of undermining the universe 
is to reflect abysmal ignorance of one of 
the most important and thrilling devel­
opments in the history of man . . . .  

GILBERT ABERG 

State College, Pa. 

Sirs: 
The caption beneath the photograph 

on page 58 of my article ["Magnetic 
Resonance"; SCIENTIFIC AMERICAN, Au­
gust] conveys an impression which 
should, in fairness to Professor Jonathan 
Townsend of the Washington University 
physics department, be corrected. The 
apparatus shown is actually the very 
sensitive one referred to in the article 
and developed by Professor Townsend 
for the biological experiments; the lab­
oratory is his, not Professor Barry Com­
moner's. The biological samples are pre­
pared in Professor Commoner's very fine 
laboratories elsewhere on the University 
campus. In fact, one of the remarkable 
features of Washington University is the 
extent to which such cooperative re­
search ventures take place among the 
various departments and laboratories. 

GEORGE E. P AKE 

Stanford, Calif. 
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Coatings to protect anything under the sur 
This cathedral, largest in the Carib­
bean, has a three-inch reinforced con­
crete roof made durably reflective 
with a sprayed-on coating of Du Pont 
HYPALON@ synthetic rubber. Tropical 
sun, wind, rain, and salt spray will 
not dull or deteriorate the attractive 
white surface. Because HYPALON is 
an elastomer, thermal expansion and 
contraction of the roof will not impair 
the bond between concrete and elastic 
coating. 

Conventional roof coatings in the 
tropics normally need replacing every 
two years. Tests indicate that the 
HYPALON coating will give excellent 

performance in excess of ten years_ 

Maintenance coatings based on 
HYPALON can be compounded in 
white or in a full range of bright, fast 
colors. They can be applied with con­
ventional equipment. You can rely 
on HYPALON maintenance coatings 
to withstand exposure to severe serv­
ice conditions. HYPALON is a syn­
thetic rubber with properties matched 
by no other. It weathers well, retains 
its color, and resists cracking and 
severe abrasion. It is ozone-proof 
and flame-resistant. HYPALON is also 
a logical choice for coated fabrics, 
molded and extruded parts_ 

You can get additional information 
on HYPALON and how it can improve 
the performance of your products_ 
Send for "Du PONT ELASTOMERS," 
Elastomer Chemicals Dept. SA-H, 
E. I. du Pont de Nemours & Co. (Inc.), 
Wilmington 98, Delaware_ 

H Y PAL 0 N® 
Better Things for Better Living 

... through Chemistry 
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Focalized 

Facilities 
FOR MAJOR WEAPONS SYSTEMS 

• RESEARCH • DEVELOPMENT 

• MANAGEMENT 

Providing a new systems approach that follows 

through from initial plan to final production, the 

Bendix Systems Division serves as the focal point 
for the twenty-five strategically located divisions 

that constitute the Bendix Aviation Corporation. The 

new building, designed for engineering and manag­

ing of major weapons systems, is adjacent to the 

Graduate Engineering School of the University of 
Michigan in Ann Arbor. 

This structure and its additions will accommodate 

a staff of 1,000 including engineers and scientists 

who will explore new concepts in such fields as 

communications, guidance and control, infrared, 

data processing, aerodynamics and propulsion, 

radar, acoustics, and countermeasures. 

Weapons systems now being developed by this 

Bendix division include air defense network im­

provements, global weather reconnaissance, special 

radar applications for detecting ballistic missiles and 

low-flying aircraft, underwater surveillance, mission 

and traffic control, and a supersonic aerial target 

system for testing operational capabilities of the 

latest weapons. 
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THE BENDIX SYSTEMS 

DIVISION PROVIDES 

System Management 
System Design 
System Development 
Technique Investigations 
Feasibility Demonstrations 
Operations Research 

IN SUCH FIELDS AS 

Data Processing and Display 
Communications 
Navigation 
Guidance and Control 
Radar 
Infrared 
Acoustics 
Countermeasures 
Aerodynamics and Propulsion 
Support Systems 

FOR PROGRAMS 

INVOLVING 

Automatic Checkout 
Computers 
Data Links 
Decoys 
Digital Techniques 
Displays 
Electromagnetic Propagation 
Electronic Warfare 
Game Theory 
Geophysical Instrumentation 
Human Engineering 
Hypersonic Flight 
Inertial Guidance 
Information Theory 
Infrared 
Magnetohydrodynamics 
Meteorology 
Missiles 
Mission and Traffic Control 
Nuclear Weapons 
Radar 
Radiation Effects 
Radio Communications 
Recorders 
Satellites 
Simulation 
Space Technology 
Target Drones 
Underwater Acoustics 

OPENING NEW DOORS to engineers and 
scientists who desire to engage in the 
development of advanced weapons systems 
with the opportunity of daytime classes at 
the University of Michigan. 

"'ncfY!��a��o�Sc���I���o� 
Ann Arbor, Michigan 
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Now you can forget the calculator 
and concentrate on 

the problem 

With this amazing automatic calculator­

the MARCHANT DECI·MAGIC-you 

don't have to worry about carriage shifting, 

dial clearing or decimal setting. Deci· Magic 

does it all ... with automatic selfcontrol! 

Less time working out prob­
lems • •• more time working 
with results-because the 
Deci·Magic gives you these 
important adv antages: 

• Automatic "self·control" of dials, 
decimals and carriage 

• Progressive dial proof of all 
entries, all results 

• Automatic single· entry squaring 

• Automatic accumulation of 
products or quotients 

• Automatic zeros 

mAR[HANT ! 
[AL[ULATDRS I 

Division of SMITH·CORONA MARCHANT INC. I 

14 

OAKLAND 8, CALIFORNIA I 

Performing even the most complex cal­
culations is a "hands off" operation with 
the Deci· Magic. You simply "write" the 
problem in the keyboard as you would on 
paper ... and automatically your prob­
lem is solved. The Deci· Magic's fully 
automatic "self-control" takes over on 
tabulation, dial positioning and carriage 
shifting, and automatically delivers your 
answer ... with the decimal point in the 
right place. 

Anyone can use the Deci· Magic • . .  

and get correct answers. This is vitally 
important in engineering and scientific 
figurework performed by those who are 
not trained calculator operators. 

The Deci· Magic can ease the figuring 
burden of your staff, providing more time 
for creative accomplishment. For full in­
formation, call any Marchant office or 
send the coupon below. 

MARCHANT CALCULATORS • OAKLAND 8, CALIFORNIA 
Send full infonnation about the Marchant Deci· Magic 
calculator and how it can help us in our figurework. 

L·ll 
HAME ____________________________ __ 

PLEASE ATTACH COUPON TO YOUR ORGANIZATION'S LETTERHEAD 

50 AND 100 

YEARS AGO 

NOVEMBER, 1908: "After losing to 
Wilbur Wright the prize of the French 
Aero club for the longest flight up to 
October 1, Henry Farman has shown 
himself to be, after all, one of the world's 
most daring aviators, while at the same 
time he has opened a new era in aero­
plane flight. Mr. Farman has accom­
plished the first cros�country flight in 
an aeroplane. On Oct. 30 he soared aloft 
above the military camp at Chalons, 
France, flew straightaway across coun­
try at a height of 100 feet, and did not 
alight until some 20 minutes later, when 
he reached the outskirts of Rheims, after 
traversing a distance of 17 miles." 

"And so it seems that our worst fears 
regarding the $24,000,000 Blackwell's 
Island (Queensboro) Bridge are veri­
fied. A little over a year ago, that other 
great cantilever structure, the Quebec 
Bridge across the St. Lawrence, crum­
pled up under its own weight and fell 
into the river below. Naturally, public 
attention was at once directed to the 
Blackwell's Island Bridge. The Bridge 
Department consented to an investiga­
tion by Prof. Burr, of Columbia Univer­
sity, and Messrs. Boller and Hodge, 
bridge engineers. The results are simply 
appalling. They mark this bridge as the 
most monumental case of faulty design 
in the history of long-span bridges, for, 
if it is opened and subjected to the loads 
it is intended to carry, the strains, in 
some of its members, will exceed the 
safety point by as much as 47 per cent!" 

"Rear Admiral Holiday, Chief of the 
Bureau of Docks and Yards, recently 
spent three weeks investigating the 
new naval base site at Pearl Harbor in 
the Hawaiian Islands. He states that 
there are 5,000,000 cubic feet of coral 
and sand, which must be dredged out to 
provide the required depth. The esti­
mated cost of the harbor, which is to be 
finished in 1912, is $5,000,000." 

"Prof. E. B. Frost, director of the 
Yerkes Observatory, calls attention to 
the recent increase of brightness of 
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New amplifier 

battles 
" . " 

nOise 

Four-stage junction diode amplifier was developed at Bell 

Telephone Laboratories by Rudolf Engelbrecht for mili­

tary applications. Operates on the "varactor" principle. 

utilizing the variable capacitance of diodes. With 400-mc. 
signal, the gain is 10 db. over the 100-mc. band. 

The tremendous possibilities of semiconductor science are again illus­
trated by a recent development from Bell Telephone Laboratories. The 
development began with research which Bell Laboratories scientists were 
conducting for the U. S. Army Signal Corps. The objective was to reduce 
the "noise" in UHF and microwave receivers and thus increase their 
ability to pick up weak signals. 

The scientists attacked the problem by conducting a thorough study 
of the capabilities of semiconductor junction diodes. These studies led to 
the conclusion that junction diodes could be made to amplify efficiently 
at UHF and microwave frequencies. This was something that had never 
been done before. The theory indicated that such an amplifier would be 
exceptionally free of noise. 

At Bell Laboratories, deyelopment engineers proved the point by 
developing a new kind of amplifier in which the active elements are junc­
tion diodes. As predicted, it is extremely low in noise and efficiently am­
plifies over a wide band of frequencies. 

The new amplifier is now being developed for U. S. Army Ordnance 
radar equipment. But it has numerous other possibilities. In radio astron­
omy, for example, it could be used to detect weaker signals from outer 
space. In telephony. it offers a way to increase the distance between relay 
stations in line-of-sight or over-the-horizon communications. 

BELL TELEPHONE LABORATORIES 
WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT 
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Because they have gained wide accept­
ance by the molding industry, Plenco 
433 and 482, General Purpose Blacks 
are both produced in large volume. 
Orders for these compounds repeated 
from the same molders over and over 
again, attest to their advantages for 
general purpose applications-

PHENOLICS: 

433 • 482 BLACKS 
• They are efficient to use because 

they are fast of cure; moldings made 
from them are clean and crisp in 
appearance. 

• They accept a wide pre-heat lati­
tude, and are not hypersensitive to 
small changes in molding conditions. 

• Their molded physical and electrical 
properties are also of high quality. 

Although we will never stop improv­
ing our formulations, Plenco 433 and 
482 do represent many years of spe­
cialized experience in supplying phe­
nolic compounds to a critical and com­
petitive molding industry. If you are 
not using these modern, tested-quality 
compounds, tell us the flow required 
and we will be pleased to forward a 
sample. 

Plenco has, or can custom-formulate, 
the phenolic compound you need. Our 
representatives are, of course, always 
ready, willing and exceptionally able 
to serve you. 

IF PHENOLICS CAN DO IT-

CAN PROVIDE IT . . .  

already-made or specially-made 

PLASTICS ENGINEERING COMPANY 
Sheboygan, Wisconsin 

Serving the plastics industry in the manufacture of high grade phenolic molding compounds, 

industrial resins and coating resins. 
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Morehouse's comet. He writes on Oct. 
29: 'The comet on that date was visible 
to the naked eye, and three or four de­
grees of tail could readily be seen in a 
small field glass. Three spectrum plates 
were obtained at Yerkes. Two of these 
had exposures of one hour. No continu­
ous spectrum was perceptible on the 
date mentioned. Indeed, seven bands 
were very conspicuous. Hence the im­
portant inference is reached that the 
comet's light was very largely intrinsic.' " 

"As already noted, Count Zeppelin, on 
the 23rd ultimo, brought out his fifth 
airship for trial. The new airship is the 
remodeled Zeppelin III of 1906, length­
ened by eight meters. Among the new 
features is a telegraph line connecting 
the two cars. On November 7 Crown 
Prince Frederick William ascended with 
the Count and made a trip to Donaue­
schingen, Baden, where the Emperor 
arrived by rail shortly after the arrival 
of the airship. The Emperor conversed 
with his son through a megaphone, and 
afterward the Crown Prince returned in 
the airship to Friedrichshafen." 

"The fourth contest for the Vander­
bilt Cup will be memorable because, for 
the first time, the famous trophy was 
won by an American in an American­
built car. It occasions no surprise that 
the honor should fall to a Locomobile. 
The race comprised 11 laps of 23.45 
miles. Robertson made the fastest lap of 
the race in the winning car in 20 minutes 
and 54 seconds, or at the rate of 67.32 
miles per hour." 

"Debrix has invented an ingenious 
method of measuring the distance of a 
vessel which cannot be seen, because of 
darkness, fog, or intervening objects. 
The method is based on the difference 
between the velocities of sound and 
Hertzian waves." 

NOVEMBER, 1858: "The result of 
the calculations lately made by the well­
known astronomer, Professor Struve, of 
the University of Dorpat, relative of the 
true geographical positions of St. Peters­
burg and Moscow, and the distance be­
tween the two capitals of the empire, is 
that the actual length of the railroad is 
by astronomical observation no less than 
88 versts (about 60 miles) shorter than 
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A S T RONAO'T re s 

GLAD TO BE ABLE TO HELP. 

Celanese presents industry with BPL'" -chemical with a wide-open future 

Such is the ver"atility . . .  and potential ... 
of Celanese BPL (beta·Propiolactone) that 
t he scope of its use must be broad indeed. 
BPL itself can be useful within a wide range 
of applications. In addition, its rapid reo 
activity with a large group of other chemi­
cals makes it the starting point for synthesis 
of many new materials useful to science and 
industry. 

BPL is now being evaluated for use in the 

textile and leather industries . . . as a com· 
ponent in the processing of plastics, paints, 
dyestuffs and synthetic fibers ... in starches 
and adhesives ... in medical and hospital ap· 
plications ... in agricultural and food tech· 
nology ... in nucleonics and astronautics. 

Among the multitude of uses yet to be 
developed, tested, and produced. may be one 
in which you're interested. As always, we'll 
be more than happy to help you, if we can. 

For further information on Celanese BPL, 
and/or evaluation samples, just write on 
your letterhead. Celanese® BPLTM 

*BPL's unique chemical 
CH2-CH2-C=O structure gives it "di£unc· 

I /" , I tionality"-the ability to 

L...,.L... O� react with other chemi-
" . ', c a l s,in two diff e r en t  

? ? directio
.
os, to p rodu?e 

• • various Important denv­
atives . 

Basic reasons . . . . . . . . . . . • . •  • .  . . . . for improved products 
Acids Functional Fluids 

Alcohols Gasoline Additives 

Aldehydes Glycols 

Anhydrides Ketones 

Esters Oxides 

Polyols 

Plasticizers 

Salts 

Solvents 

Vinyl Monomers 

Agricultural 

Automotive 

Aviation 

Building 

Electrical 

Paper 

Pharmaceutical 

Plastics 

Surface Coatings 

Textiles 

CELANESE CORPORATION OF AMERICA. CHEMICAL DIVISION, DEPT. 582-K, 180 MADISON AVE .• NEW YORK 16 

Export Sales: Ameel Co., Inc., and Pan Ameel Co., Inc., 180 Madison Ave., N. Y. 16. Canadian Affiliate: Canadian Chemical Com8any limited, Montreal, Toronto, Vancouver 

© 1958 SCIENTIFIC AMERICAN, INC



A SKILLED HAND IN CHEMISTRY . . .  AT WORK FOR YOU 

Nopcofoam 

HELPS SWEEP 

THE SEA 
Nopcofoam, already at work with the submarine fleet, is out to sea again­
this time in mine sweeping activities. This versatile "pour-in-place" urethane 
foam plastic-pioneered by Nopco chemists-is being made into floats for 
the stout, long cables trailing the detonating devices that blow up enemy 
acoustical mines. Previous to this, Nopcofoam was utilized to fill and 
strengthen nonfunctioning voids in the atomic submarines Skipjack, Triton 
and Skate. 

Nopcofoam was a logical choice for its new assignment. It is light in weight 
and extremely buoyant yet has the density to give the required strength. It is 
hard-wearing and impervious to salt water. It also lends itself to time-saving 
production processes. From Jersey City Foam Products Company, where 
450,000 of the newly designed floats are being made, come reports of sub­
stantial savings in time and money over previous methods and materials. 
And from Okonite Company, where the floats are assembled on the cable, 
come reports of superior performance in every test. 

It is the same versatility of Nopcofoam that appeals to designers in other 
industries-the reason it is finding its way into all kinds of products-from 
building panels to atomic submarines. 

PLASTICS DIVISION 
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SHEETS 

NOPCO CHEMICAL COMPANY 
North Arlington, .1.' Los Angeles, Calif. 

its nominal length of 607 versts, or in 
other words, that the government on 
whose account the railroad was con­
structed, has had to pay about one sev­
enth of the value, or twelve millions of 
roubles, more than it ought to have paid. 
As the rolling stock of the St. Petersburg 
and :\fIoscow Railway is furnished by an 
American company, who are paid for 
the same at so much per verst, it follows 
that in this quarter the Government have 
been paving also a most fearful over­
charge. The Emperor was in the most 
violent state of excitement on learning 
the above, and gave immediate orders 
for the strictest investigation into the 
facts of the case to be made, with a view 
to inflict the most snmmary punishment 
on the parties inculpated in this nefari­
ous transaction." 

"It will be recollected that our gov­
ernment sent out Lieut. Gillis to take 
observations of the solar eclipse which 
was total in some parts of South America 
on the 6th of last month. He has written 
a brief letter on the subject to Professor 
Henry, of the Smithsonian Institution, in 
which he states that his telescope was 
mounted near Olmos, in Peru, and his 
observations were favorable. The bril­
liant protuberances usually observed 
with instruments, shooting from the 
sun's disk, on this occasion became dis­
tinct to the naked eye." 

"In New York there is one physician 
to every 610 inhabitants; in Massachu­
setts, one to every 605; in Pennsylvania, 
one to every .'561; in North Carolina, one 
to every 802; in Ohio, one to every 465; 
in Maine, one to every 884; and in Cali­
fornia, one to every 147. We can envy 
Maine and pity California, for some must 
swallow physic at a frightful rate in the 
Golden State." 

"About two years since New York City 
was visited by Alexis St. :\1artin, of 
Canada, who has an opening in his ab­
domen (the result of a gunshot wound) 
through which his stomach can be ex­
amined, and the operations of digestion 
observed. His case has hitherto been 
considered the most wonderful in the 
world, but one more wonderful than that 
of St. Martin is now in New York. Dur­
ing the past week, :\1. Groax, a native of 
Hamburg, exhibited to the faculty in the 
Columbia University �IIedical College 
his own beating heart, in the same man­
ner that St. :\1artin did his stomach. This 
case however is a natural phenomenon, 
Mr. Groax having been born with a slit 
in his breast, by which his heart and a 
part of his lungs can be observed." 
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Leaders in Readout and Display ... 

s-c 4000 
Series of High - Speed Microfilm Printers 

Pictured above is the Soc 4010, one of several High-Speed 
Microfilm Printers that comprise the Soc 4000 Series. This unit, 
custOm-developed for use with the Naval Ordnance Research 
CalculatOr, serves a three-fold purpose: recording data on micro­
film at speeds up to 15,000 characters per second, plotting data 
on microfilm at speeds up to 10,000 points per second, and 
projecting selected data on a direct-viewing screen less than 
eight seconds after film exposure. 
Two other models in the series are the Soc 4000 - developed 
for use with the Livermore AutOmatic Research Computer­
and the versatile SoC 4020 - capable of both on-line and off-line 
operation and equally adaptable to either business or scientific 
applications. . 
Write today for further information concerning the SoC 4000 
Series of High-Speed Microfilm Printers ... outstanding ex· 
amples of Stromberg-Carlson leadership in the field of readout 
and display. 

soc ���,� � �N�R� ?v:��,� �o���� 
gO g 1895 Hancock Street, P.O. Box 2449, Son Diego 12, California 
�(J€AG'''� 

Developers and Manufacturers of S-C 1000 Direct Viewing Displays _ S-C 2000 
Bright Displays - S-C 3000 High-Speed Communications Printers. S-C 4000 High. 

Speed Microfilm Printers. - S-C 5000 High.Speed Electronic Printers 

"There is nothing finer than a Stromberg-Carlson" 
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Todays air power in action: �:� 

. ' 

Carrier-based pocket bomber packs a nuclear punch 

So compact that it serves aboard carriers without 
need of folding wings, the Douglas A4D-2 Skyhawk 
is the Navy's newest and most capable light attack 
aircraft. 

Skyhawk has the low landing speeds required for 

carrier operation, and combines the lift needed to 
take off with a nuclear weapon with the range 
required for its use at great distances. Its small size, 
speed and responsiveness make the Skyhawk an 
extremely difficult target for enemy interceptors 
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The Douglas A4D-2 Skyhawk, known as the Mighty 

Midget, is the smallest, lightest U. S. jet combat aircraft. It 

can operate from small carriers or short "beachhead" fields. 

or anti-aircraft. Numbers of Douglas Skyhawks 
are on active duty with U. S. carrier units now 
engaged in patrolling sensitive areas around the 
world. They are in service for both the Navy and 
Marine Corps. 

*Defensive systems - ability of such air­
craft as the Douglas A4D-2 Skyhawk 
to range far afield from their floating 
bases increases our defense-in-depth by 
thousands of miles. 

/ 
Depend on 

DOUG AS 
The most -espected name 

in Aviation 
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STICKING 
versus 

TEFLON® 
TFE-fluol'"ocarbon resins 

FINISHES 

Greatest anti-stick coating yet 

developed, Du Pont's organic 

plastic finish also is completely 

stable from -390°F. to 480°F., 

provides outstanding chemical 

inertness, water repellency, 

friction resistance and 

dielectric strength 

Teflon Finishes offer the advantages of 
a solid organic plastic, incorporated in a 
family of paint formulas. The result is 
to put into the engineer's hands a whole 
new set of properties in a reliable, work­
able, versatile form. 

In drying operations, for example, a 
coating of TEFLON Finish permits parts 
to be merely wiped clean, instead of be­
ing dismantled, scraped and burned free 
of adhering material. Similarly impres­
sive is the performance of TEFLON Fin­
ishes in latex equipment, package form­
ing and sealing machines. 

TEFLON Finishes are finding applica­
tions in magnet wires and capacitors, 
adding measurably to efficiency. When 
applied to laminating platens in cement­
ing operations, TEFLON eliminates ce­
ment build-up, while resisting heat and 
pressure. In transformers, magnet wires 
thus treated resist the effects of high 
temperatures, and efficiency is increased 
at the same time space and weight are 
saved. 

:lVIaterials made from the ferrous met­
als chromium, nickel and its alloys, cop­
per, aluminum, glass and ceramics are 
being successfully treated with TEFLON 
Finishes. Applied like paint, these finishes 

fuse at elevated temperatures to become 
part of the surface covered. 

Specific uses include: conveyor chutes, 
dump valves, extrusion dies, heat-sealing 
units, molding dies, packaging equip­
ment, paint mixers, textile-drying equip­
ment. This partial list merely suggests 
the range of applications where TEFLON 
Finishes can increase production and im­
prove quality. 

TABLE 1 
Film Characteristics of TEFLON Clear Finish 

Power factor (60 cycles to 1 megacycle) . . . ,0.0008-0.007 
Dielectric constant .. ..... 2.0 
Tensile strength (in Ibs. per SQ. in.) . . . . . . . ..  1500 to 2000 
Adhesion to metal (in Ibs. pull on a l·inch· 

wide strip) over 850-201 Primer.. . .... 10.3 
Resistance to abrasion (grams abrasive 

per mil thickness). . . .... 2160 
Test method: Bell Abrasion Tester 

Hardness (in kneep hardness units) . . . . . . . . 2.9 
Test method: lukon Hardness Tester 

Ha(dness (Sward Rocker Test) . . . . . . 20 

MORE FACTS. There's more to the story of 
TEFLON Spray Finishes and TEFLON Wire 
Enamel. It's available from Du Pont, along 
with the name of an experienced TEFLON ap­
plicator in your area. 

Simply drop a letter on your company's 
letterhead to: Advertising Department, 2502 
Nemours Bldg., E. I. du Pont de Nemours 
& Co. (Inc.), Wilmington 98, Delaware. 

DU PONT INDUSTRIAL FINISHES @ POHP 
�E·.U.S.P"'T.Ofr. 

BETTER THINGS fOR BETTER liVING 
• • •  THROUGH CHEMISTRY 
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THE AUTHORS 
ABRAM F. JOFFE ("The Revival of 

Thermoelectricity") is a leading Soviet 
physicist and a member of Russia's cen­
tral scientific body, the Academy of Sci­
ences, in which he heads the Institute 
of Semiconductors. Born in 1880, Joffe 
studied at the Technological Institute in 
Leningrad (then St. Petersburg) and 
the University of Munich. For many 
years he worked in collaboration with 
Wilhelm Konrad Rontgen, the discoverer 
of X-rays. Later he headed the Lenin­
grad Physical-Technical Institute and 
the State X-Ray and Radiology Institute. 

NORTON D. ZINDER (" 'Transduc­
tion' in Bacteria") was born in New 
York City and there pursued an acceler­
ated course of studies which carried him 
through the Bronx High School of Sci­
ence and Columbia University by the 
time he was 18. Proceeding to the Uni­
versity of Wisconsin, he acquired a 
Ph. D. in medical microbiology in 1952. 
By that time Zinder-then 23 years old­
had not only shared in the discovery of 
"transduction" but had married and be­
come a father. In 1952 Zinder returned 
to New York to join the staff of the 
Rockefeller Institute. 

MARGARET and GEOFFREY BUR­
BIDGE ("Stellar Populations") are a 
husband-and-wife team-she being an 
astronomer, he an astrophysicist. The 
Burbidges, who are English, met 10 
years ago in a University of London lec­
ture hall. At that time she was employed 
in the University of London Observa­
tory, while he was a physicist. Their 
courtship resulted in his conversion to 
astrophysics and also in their marriage. 
In 1951, when Geoffrey Burbidge came 
to the Harvard College Observatory as 
an Agassiz Fellow, his wife became a 
fellow of the University of Chicago's 
Yerkes Observatory at Williams Bay, 
Wis. (the Burbidges commuted between 
the two places) . In 1953 the Burbidges 
returned to England, where he worked 
for two years in the Cavendish Labora­
tory of the University of Cambridge. 
Since last year they have collaborated at 
the Yerkes Observatory. 

H. E. HUXLEY ("The Contraction 
of Muscle") is also English. He comes 
from Birkenhead, Cheshire, and studied 
theoretical physics at the University of 
Cambridge, where his undergraduate 
career was interrupted by five years of 
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Today, there's only one 
low-cost complete computer 
that can solve your problems 
without creating new ones! 

How to get the benefits of 

electronic computation without the burdens 

A SK most management men about electronic 

rt. computers, and you'll find they're of two 

minds. On the one hand, they look with enthusiasm 

to the potential benefits of better utilization of 

engineering man-hours, the refinement of product 

and process control, improved management deci­

sions. Yet on the other, they're fearful the results 

may not fully justify the often huge expenditure. 

Trouble is, they'll tell you, most computers make 

too many demands on a company. Besides great 

initial expense, there's size and the attendant 

problems of installation. There's high upkeep, too 

- as well as the alteration of company procedures 

to suit the machine. 

Yet, today, as more and more business 

executives, engineers, scientists and teachers are 

discovering, there is a way to practical electronic 

computation without great cost or complexity. 

That way is with the highly compact, highly 

mobile Royal Precision LGP-30. 

The LGP-30 gives you twice the memory of the 

next computer in its class and is by far the easiest 

to program in basic machine language. A unique 

time-sharing design concept has greatly reduced 

the number of internal components required ... 

insuring highest reliability at lowest operating cost. 

Because of its small size, the LGP-30 is operated 

at desk-side. It plugs into any convenient wall out­

let without external air-conditioning or other 

installation costs. 

A new design in electronic computers, the 

LGP-30 has already proven its capabilities in over 

150 installations in such widely separated fields as 

gas and oil, rockets and missiles, civil engineering, 

electronics, garment trades, department stores, 

public utilities. Applications range from statistics 

to bridge design, accounting to missile flight 

simulation, material requirements to oil refining 

control. Backed by 20 years of electronics 

experience, LGP-30 sales and service are available 

through Royal McBee offices coast-to - coast. An 

active users group cooperates in the sharing of 

information and programs. 

To find out how the LGP-30 can serve your or­

ganization, call your Royal McBee Data Processing 

Representative, or write Royal McBee Corporation, 

Data Processing Division, Port Chester, N. Y. for 

illustrated brochure. 

ROYAL MeB E E . data processing division 
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" •• . •  JUH HEAR THE ONE 

FOR A BUCK?" 

HONEST CHARLIE-
I'M � VA SIGMA MAKES 

" I SAV, WITHERSPOON, HERE� AN ODD SPOT: 

A SIGMA RELAY FOR SIX 808" 

"HEY AMBROSE-LETS FLVOVERAND SEE 

HIE NON'MILITARY SIGMA RELAY" 

�i 
----

"ANY TRUTH TO THAT RUMOR ABOUT 

A SIGMA RELAY FOR US POOR FISH?" 

Our only regret about these conversations is the 
element of amazement, disbelief or surprise 

present in all of them. Apparently, we've 

� been so busy all these years convincing people 
we could build complicated, high priced, MIL spec 

relays in small quantities that nobody* even gives us a competitive come-hither 
when they want a good, plain, cheap relay deliverable by the carload. 

Well, there are Sigma relays for short-haired jobs, and the 11 F is an example. 
The "eleven" has been completely tooled for more than two years now, so 

it's no worry to the Eng. Dept. Delivery schedules in excess of 5000 per week 
are being met. The Sales boys like it because it sells for under a dollar 

<big quantities, of course). For on-off SPDT switching of 1 or 5 ampere loads 
on 50 mw. or 200 mw. DC, 0.3 volt-ampere AC, with a mechanical life of 

100 million operations, it's hard to find anything as compact, cheap and 
dependable as the 11 F. For things like tape recorders, remote control units 

for toys and TV sets, headlight dimmers, or other gadgets requiring 
UL approval, the " eleven" is a natural. Sample quantity prices 

are $1.50 to $2.45 each, list. Bulletin on request. 

*well, hardly anybody. 

SIGMA 
SIGMA INSTRUMENTS, INC. 

40 Pearl Street, So. Braintree 85, Mass_ 
AN AFFILIATE OF THE FI$HEFf-PIEACE CO. (Sln·c� 1939, 

radar research for the Royal Air Force 
(his work in this line was rewarded with 
a membership in the Order of the British 
Empire in the New Year's Honours List 
of 1947-48). Huxley returned to Cam­
bridge to study for the Physics Tripos 
examinations. "I had originally intended 
to become a nuclear physicist," he says. 
"But when I finished off my undergradu­
ate degree, it seemed a more attractive 
proposition to think of applying the ideas 
and methods of the physicist to the bio­
logical field. Whilst working in the Medi­
cal Research Council Unit in Cambridge 
on crystalline proteins, I was struck by 
the fact that although the hydrated crys­
tals gave excellent X-ray diffraction pat­
terns, the dry crystals gave very poor 
ones. I wondered whether the same thing 
might not be true of muscle, previously 
examined only in a dried state. Appara­
tus was assembled to get a low-angle 
X-ray diffraction pattern from wet, liv­
ing muscle. I found immediately that this 
material gave an excellent pattern." As 
a Commonwealth Fellow at the Massa­
chusetts Institute of Technology, Huxley 
continued this research with the electron 
microscope, and later, after returning to 
Cambridge, with phase-contrast and in­
terference microscopy. In 1956 he joined 
the staff of University College London. 
He is not related to Thomas, Aldous or 
Julian Huxley. 

MANUEL J. GORDON ("The Con­
trol of Sex") works in the Animal Repro­
duction Laboratory of Michigan State 
University. An Ohioan, he worked hard 
at commercial courses in a Cleveland 
high school until his second year, when, 
he says, "I became so bored that I would 
be AWOL for weeks at a time. As a re­
sult, I came very close to being ex­
pelled." After his service as a World War 
II army draftee, Gordon decided to be­
come a scientist, and asked his high­
school principal for grade transcripts. 
''I'll never forget," he says, "how his 
pleasant face transformed into an ex­
pression of sickened horror and disbe­
lief as he looked at my records. With 
no attempt to spare his feelings, I ma­
triculated at Ohio State University in 
June, 1946, and received a B.Sc. in zo­
ology in March, 1949. All of my gradu­
ate work was done at the University of 
California under Curt Stern." 

SULLIVAN J. MARSDEN, JR. 
("Drilling for Petroleum") is associate 
professor of petroleum engineering at 
Stanford University. Marsden began his 
career at Stanford during World War II 
as a student of chemical engineering. 
But a year as research chemist on the 
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High quality a n d  availability of HAYNES 
wrought alloys are assured because they are 
produced in our own plant by experts. Sheet,. 
above, is being hot-rolled on a 3-high mill. 

1800 

H�gh Strength-Light �ight 
for use up to 20000E 

. 
Honeycomb construction and paper-thin foil made of HAYNES 
alloys have teamed up in the battle against the thermal thicket. 
The result? a strong, lightweight material that resists 
temperatures in the 2000+ deg. F range. A material that 
enables engineers to design parts with exceptional heat-resistant 
characteristics and with high strength to weight ratios; 
components that equal the high-temperature resistance of 
solid sections, yet weigh only IjlOth as much. 

Foil as thin as 0.002 inch is now available in HAYNES 
alloy No. 25, HASTELLOY alloy X, and MULTIMET alloy. It can 
be obtained as foil, for use in engine blanketing for 
example, or in honeycomb form. 

HAYNES high-temperature alloys are produced in many other 
forms, too. Sheet, plate, bar stock, wire, tubing, and 
castings are all immediately available. For full information, 
.write for descriptive literature. 

� L. L. 0 "",. S 
HAYNES STELLITE COMPANY 

. Division of Union Carbide Corporation 
Kokomo. Indiana 

fhe terms "Haynes," "Hastelloy," "Multimet" and "Union Carbide" are registered trade-marks of Union Carbide Corporation. 
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ELECTRODYNAMIC ORBITS 

By the application of properly chosen alternating and static electric 
fields, electrically charged particles can be maintained in dynamic equilib­

rium in a vacuum against interparticle and gravitational forces. This 
is illustrated in the above photograph of the orbit of a charged dust 
particle. During the time of exposure the particle traversed the closed 
orbit several times, yet it retraced its complicated path so accurately 
that its various passages can barely be distinguished. 

The range of particles of different charge-to-mass ratios which can 
be contained in this manner is determined by the gradients of the static 
and alternating electric field intensities and by the frequencies of the 

latter. In the absence of static fields and for a given electric field strength, 
the minimum frequency required for stable containment of the particles 
is proportional to the square root of their charge-to-mass ratios. Thus, 
charged colloidal particles require the use of audio frequencies, atomic 
ions need HF frequencies, while electrons require the use of VHF and 
higher frequencies. 

Under the confining influence of the external fields, the particles are 
forced to vibrate with a lower frequency of motion which is determined 
by the external field intensities, space charge, and the driving frequencies. 
If the initial thermal energy is removed, a number of particles may be 
suspended in space in the form of a crystalline array which reflects the 

symmetry properties of the external electrodes. These "space crystals" 
can be repeatedly "melted" and re-formed by increasing and decreasing 
the effective electrical binding force. These techniques offer a new 
approach in the study of plasma problems and mass spectroscopy in 
what may be properly termed "Electrohydrodynamics:' 

A t The Ramo- Wooldridge Corporation, work is in progress in this 

and other new and interesting fields. Scientists and engineers are invited 

to explore current openings in Electronic Reconnaissance and Counter­
measures; Microwave Techniques; Infrared; Analog and Digital Com­
puters; Air Navigation and Traffic Control; Antisubmarine Warfare; 

Electronic Language Translation; Radio and Wireline Communication, 
and Basic Electronic Research. 

The Ramo-Wooldridge Corporation 
LOS ANGELES AS. CALIFORNIA 

Manhattan Project at Oak Ridge turned 
his interest to physical chemistry. He 
returned to Stanford, where he took a 
Ph.D. in physical chemistry under the 
late J. W. McBain. Then he accompa­
nied McBain to India, to help found the 
Indian National Chemical Laboratory. 
Marsden served for three years as as­
sistant director of the laboratory. In 
1953 he returned to the U. S. to study 
and teach petroleum production at Penn­
sylvania State University and, since 
1957, at Stanford. 

T. P. BANK ("The Aleuts") was field 
director of the University of Michigan's 
Aleutian expeditions from 1948 to 1955. 
A botanist by training, he studied at Har­
vard University and at the University of 
Michigan, from which he holds an M.S. 
degree. In 1955, after completing his 
Aleutian work, he traveled on a Ful­
bright research scholarship to Hokkaido, 
the northernmost island of Japan, to 
study the remains of an early race of 
Eskimo-like migrants from Siberia. He 
then served for a year as a research as­
sociate of the University of Michigan's 
Museum of Anthropology. Since 1957 
Bank has headed the Institute for Re­
gional Exploration, a private research 
organization. Last year he traveled on a 
National Science Foundation grant to 
Thailand, where he chaired the subcom­
mittee on ethnobotany at the Ninth Pa­
cific Science Congress. 

A. V. WOLF ("Body Water") is a 
student of water metabolism whose work 
has been devoted mostly to the physi­
ology of the kidney and of thirst. At the 
Walter Reed Army Institute of Research, 
where he heads the Renal Section, he has 
recently been specializing on the prob­
lems of the castaway at sea, including 
the question of sea-water drinking. Wolf 
is the author of the article "Thirst" which 
appeared in the January, 1956, SCIEN­
TIFIC AMERICAN, and he has recently 
completed a book on this subject, also 
entitled Thirst. As a sideline Wolf has 
engaged in building experimental arti­
ficial kidneys (he belongs to the recently 
founded American Society for Artificial 
Internal Organs) . Wolf did undergradu­
ate work at the College of the City of 
New York, received a Ph.D. from the 
University of Rochester, and taught for 
10 years at the Albany Medical College 
before going to Walter Reed. 

ROBERT W. WHITE, who reviews 
Social Class and Mental Illness in this 
issue, is professor of clinical psychology 
and chairman of the Department of So­
cial Relations at Harvard University. 
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How to start an Industrial Revolution. Avco's Lycoming engineers have done it, with a new
' 

idea in power. Gas turbine power . . .  rugged, lightweight, mobile, and amazingly versatile. Already 

in production for aircraft, Lycoming turbines are adaptable for boats, heavy trucking, for hundreds of 

uses. Look to L"om'", I"bo pow" 10 ""I, "'w 

'"� vcio 
Aveo MAKES THINGS BETTER FOR AMERICA / AVCO MANUFACTURING CORPORATION / 750 THIRD AVENUE, NEW YORK 17, N. Y. 

© 1958 SCIENTIFIC AMERICAN, INC



, -

t 
• 

Avco 
IlesearcD anti Atlvancetll/eve/Ol!l!!.flll 

NEW APPROACH 
TO 

"OLD" MATERIALS 

By today's standards, the "old" refractory 

metals are outdated. The ultimate in 

high-temperature studies of 10 years ago 

is several generations behind in terms 

of modern aircraft and missile development. 

Today's material requirements surpass 

anything envisioned 10 short years ago. 

Molybdenum and beryllium, for example, 
are still exciting metals with much promise 

for space vehicles and ultra-high-speed 

aircraft. It now appears, however, that 

the full promise of such metals may 

be fulfilled when they are used, not alone, 

nor as alloys, but when combined 

with other materials to form totally new 

types of structural materials. 

Such a "marriage" of metals, ceramics 

and plastics is a promising approach to 

high-temperature problems that is being 

vigorously pursued at A vco. It opens 

new potential applications for many 

exotic combinations. 

These bold steps forward are possible 

at Avco, where materials research includes 
concurrent basic studies and applied 

research, plus developmental programs that 

extend through the solution of processing 

and testing problems. 

The search for new knowledge goes 

forward simultaneously with the creation of 

advanced technology at Avco's Research 

and Advanced Development Division. The 

creative man, whether he is interested in 

basic studies or practical problems, finds his 

effort enhanced by the stimulus of 

interdisciplinary contact and feedback 

from other related fields. 

Research and Advanced Development is 
more than a descriptive title at Avco. 
It is a concept that promotes creativity. 

For information on unusual career 
opportunities for exceptionally 

qualified scientists and engineers, 

write to: Dr. R. W. Johnston, 

Scientific and Technical Relations, 
Avco Research and Advanced Development Div., 

201 Lowell Street, Wilmington, Mass. 
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Avco/Crosley 

From concept 

to countdown ••• 

Crosley 

A missile is no better than its parts! 

And Crosley, working from "research to 

hardware," is designing and manufacturing 

improved component parts for missiles. 

Several of today's important missile 

programs rely upon Crosley because 

it offers: 

• An unparalleled background in 

development and production of complex 

electronic and electromechanical 

systems, including guidance systems. 

• Proven design capabilities along 

with extensive, low-cost manufacturing 

facilities-including stainless-steel 

contour honeycombing, metal bonding 

and chemical milling. 

• Systems management that insures 

both speed and efficiency during every 

phase of a project. 

• Experience. Crosley has and is proving 

itself on many projects, including some 

involving the Falcon, Polaris and Titan 

missiles; the MD-9 fire control system, 

research and development of the Volscan 

Air Traffic Control System, MPS-16 
Height Finder Radar, missile and mortar 

fuzing, and structural components 

for missiles and supersonic aircraft. 

Avco-Crosley Missile Capabili·ties 
Complete facilities for research, 

development, and engineering design of: 
nose cones, air frames, 

electronics control systems, telemetering, 

automatic test and support equipment, 

ground handling equipment and logistics. 

Production and manufacture of complete 

missile weapons. 

For further information, write to: 

Vice President, Defense Products Marketing, 
Crosley Division, Avco Manufacturing 

Corporation, Cincinnati 25, Ohio. 
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Sir J alTIeS Jeans ... on t1 e quest for l�now ledge 
"Yet we may reRed that physics and philosophy are at 

most a few thousand years old. but probably have liYes 

of thousands of millions of years stretching away in front 

of them. They are only just beginning to get under way. 

and we are still. in Newton's words. like children playing 

with pebbles on the sea-shore. while the great ocean of 

truth rolls. unexplored. beyond our reach. It can hardly 

be a matter for surprise that our race has not succeeded 

in solving any large part of its most difficult problems in 

the first millionth part of its existence. Perhaps life would 

be a duller affair if it had. for to many it is not knowledge 

but the quest for knowledge that gives the greater interest 

to thought - to travel hopefully is better than to arrive." 
-Physics and Philosophy, 1942 

THE RAN D C OR P 0 RAT ION, SAN T A .M 0 N I C A, CAL I FOR N I A 
A nonprofit organization engaged in research on problems related to national security and the public interest 
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The Revival of Thermoelectricity 

The Seebeck and Peltier effects dispense with mo()ing parts in the 

tran�formation of energy fr01n heat to electricity. Long regarded 

as curiosities, they are now generating a technological re()olution 

F
arms and pioneer settlements in 
many regions of the U.S.S.R.  re­
mote from electrical power grids 

today enjoy the advantages of electric 
light, electrified machinery and radio, 
thanks to a new kind of generator. This 
generator has no moving parts, but con­
verts the heat of a kerosene lamp or a 
wood stove directly into electrical pow­
er. In the cities of the nation, apartment 
dwellers are soon to be furnished with 
an inexpensive refrigerator which op­
erates on a quite opposite effect. This 
refrigerator has no motor or compressor 
and no refrigerant fluid; it uses electrical 
energy directly to pump the heat out of 
its interior. A variation of this effect 
applied to the heating of indoor working 
and living spaces promises to achieve 
great economy in the use of electrical 
energy for such purposes. 

In the modern world, developments of 
this scope are never the exclusive prov­
ince of one country. When I visited the 
U. S. earlier this year, I found scientists 
and engineers fired with these possi­
bilities and working actively to realize 
them. Evidently we stand on the thresh­
old of a new era in power engineering, 
heating and refrigeration. This prospect 
flows from the now-rapid advance of 
thermoelectricity: the direct transforma­
tion of thermal energy into electrical en­
ergy and the reciprocal transformation 
of electrical energy into heat. 

Thermoelectricity is not a new science. 
It is, in fact, just as old as our knowledge 
of the electromagnetic effects upon 
which electrical technology is based. The 

by Abram F. Jofle 

history of electromagnetism began in 
1820, when Hans Christian Oersted re­
ported his observation that a magnetic 
needle is deflected by the flow of an 
electric current in a nearby conductor. 
Only a year later Thomas Johann See­
beck reported his observation that a 
magnetic needle held near a circuit made 
up of two different conductors is de­
flected when part of the circuit is heated. 
Unhappily this promising discovery was 
obscured by the discoverer's own mis­
judgment. A comparison of the Oersted 
and Seebeck observations suggests nat­
urally that a current was flowing in 
Seebeck's circui.t. That is the way See­
beck's contemporaries interpreted his 
discovery. But, alas, Seebeck did not. He 
thought he had shown that magnetiza­
tion may be caused by a difference in 
temperature, and attempted to explain 
terrestrial magnetism by the tempera­
ture difference between the Equator and 
the poles. 

Seebeck's error had two different 
kinds of consequences. In trying to con­
vince his opponents that his effect was 
magnetic rather than electric in origin, 
and thus not related to the electrical 
properties of the substance, Seebeck in­
vestigated an enormous number of dif­
ferent materials, not only metals but 
also metal oxides, minerals and other 
compounds. Among these were sub­
stances which we now call semicon­
ductors and which we use today in 
thermoelectric generators. 

On the other hand, in his unyielding 
battle against electric current, Seebeck 

succeeded in discouraging himself and 
others from attempting to use his 
thermoelectric effect as a source of cur­
rent. Yet it has been found that the sub­
stances he used in his experiments can 
transform heat into electricity with an 
efficiency of about 3 per cent. This com­
pares favorably with the mechanical 
efficiency of the steam engines of his 
day. In the laboratories of the time, 
moreover, the only machines for pro­
ducing electric current were 'extremely 
weak electrostatic generators. Not until 
half a century later was electricity suc­
cessfully generated by electromagnetic 
machines driven by steam engines. 

It is hard to say how the history of 
electrical engineering and electronics 

might have unfolded had Seebeck's dis­
covery been wisely used. For a long time 
it would have provided the best source 
of electric energy. But this is not what 
happened. The rapid development of 
electromagnetism diverted the interest 
of succeeding generations of physiCists 
away from thermoelectricity. Certainly 
one could expect no significant thermo­
electric effects from metals, and these 
were the only conductors used in elec­
trical engineering for the next 100 years. 
Seebeck's mineral semiconductors were 
ignored even in the design of thermo­
couples for temperature measurement, 
the sole application of thermoelectricity 
throughout this period. The Seebeck ef­
fect became a curiosity, relegated to the 
last pages of physics textbooks. 

For a century the marvelous possibil-
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SEEBECK EFFECT brings about conversion of heat into electric 

energy: heat input to "hot" junction (left) of two dissimilar semi­

conductors causes current to flow from hot to cold end of semi-

conductor (n-type) at bottom and from cold end to hot in semi. 

conductor (p-type) at top. An electric current is thus made to flow 

through the entire circuit, including the output element at right. 

ities of thermoelectricity remained 
asleep, like the princess in the fairy tale. 

This slumber was momentarily dis­
turbed in 1834. A French watchmaker, 
Jean Charles Athanase Peltier, discovered 
that the passage of a current through 
the junction between two different con­
ductors is associated with a thermal ef­
fect. But like Seebeck, Peltier failed to 
understand his discovery. He saw it only 
as showing that Ohm's law may be dis­
obeyed by sufficiently weak currents. 
The true nature of Peltier's discovery 
was clearly demonstrated in 1838 by 
Emil Lenz, a member of the St. Peters­
burg Academy. He placed a drop of 
water on the junction; when he made 
the current flow in one direction, the 
water froze; when he made it flow in the 
other, the ice melted. 

Could anyone fail to see that the 
junction liberated heat when the frozen 
drop melted and that it absorbed heat 
when the drop froze? Peltier's discovery 
ought to have found important applica­
tions, since it opened a new way to 
obtain cold and heat. But this discovery 
also spent 100 years in the kingdom of 
sleep. 

The true meaning of Seebeck's and 
Peltier's discoveries was appreciated by 
scientists before the middle of the 19th 
century. Until the 1930s, however, at­
tempts to apply them met with no suc­
cess. This situation has changed radical­
ly in the last few years. What is it that 
has happened? What has ended the cen­
tury-long sleep of thermoelectricity? 

The prince who has awakened the 
princess is the semiconductor. 

In 1926 a U. S. engineer named Lars 
O. Grondahl showed that an oxidized 
copper plate conducts an electrical cur-
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rent easily in one direction, but offers a 
very high resistance in the other. Thus 
if an alternating current is passed 
through such a plate, the current will 
flow for all practical purposes only in 
one direction. In effect the plate becomes 
a rectifier. Soon afterward it was found 
that, when such a plate is illuminated, a 
current is produced. The discovery of 
these properties in copper oxides at­
tracted the attention of physicists to the 
large class of materials with low elec­
trical conductivity which we now know 
as semiconductors. Investigation soon 
disclosed that such substances possess 
many other remarkable properties un­
known in metals. Upon these properties 
are based the transistor, the solar battery 
and related developments in technology. 
In addition, it was found that thermo­
electric effects are an order of magnitude 
larger in semiconductors than in metals. 

This observation raises some funda-
mental physical questions that lie at 

the heart of future developments in 
thermoelectricity. Why is it that semi­
conductors have such a high thermo­
electric advantage over metals, the "full" 
conductors of electric current? Why is it 
that semiconductors alone make thermo­
electricity a fruitful realm of technology? 
Complete and exact answers to these 
questions require an excursion into 
quantum theory. One of the basic prop­
erties of this theory, however, is that it 
cannot be represented by a simple 
model. In attempting to make quantum 
theory easy to understand, we neces­
sarily misrepresent it. For this reason I 
shall restrict this explanation to more 
familiar concepts that can be stated in 
the language of everyday experience. 

We think of a current in a metal as 
the flow of electrons. In a metal each 
atom contributes at least one electron 
able to move freely within the metal. In 
semiconductors, on the other hand, only 
a very few atoms release such free elec­
trons. The number of electrons available 
for current flow in a semiconductor is 
hundreds or thousands of times less than 
in a metal, and this accounts for the low 
conductivity of these substances. 

When one end of a semiconductor­
or a conductor, for that matter-is hotter 
than the other, electrons leave the hot 
end more often than they do the cold 
end. They tend to flow toward the cold 
end, and, since they are all negatively 
charged, the cold end soon becomes 
charged negatively with respect to the 
hot end. Now it is well known that like 
electric charges repel one another and 
unlike charges attract one another. The 
negatively charged cold end thus be­
gins to repel the electrons flowing from 
the hot end. After a short time the flow 
of electrons from the hot end reaches 
equilibrium with the return flow from 
the cold end. The charges no longer ac­
cumulate, but the cold end remains 
negatively charged. The fewer the elec­
trons available for the return flow, the. 
higher will be the voltage attained at 
the cold end before equilibrium is 
reached. Since the number of free elec­
trons is much smaller in a semiconduc­
tor, a temperature difference in a semi­
conductor will produce a much greater 
voltage than in a conductor. This is the 
essence of the thermoelectric advantage 
possessed by semiconductors. 

Different semiconductors develop 
greater or lesser voltages. In all semi­
conductors the voltage increases with 
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PELTIER EFFECT, the reverse of the Seebeck effect (opposite 
page), makes thermoelectric cell act as refrigerating or heating 

unit. Electric input to the cell as shown here cools the jnnction at 

left, cansing it to absorb heat, and heats the ends of the semi­

conductors at right, causing them to give up heat. By reversing the 

direction of the current the junction can be made to give up heat. 

the difference in temperature between 
the hot and cold ends. The voltage across 
a given semiconductor when one of its 
ends is warmer than the other is the 
measure of its characteristic thermoelec­
tric power, which is expressed in volts 
per degree centigrade. Semiconductors 
display thermoelectric power some hun­
dreds of times greater than that of met­
als. But since metals develop only a few 
millionths of a volt, the thermoelectric 
power of semiconductors is still very 
small. Even when the difference in tem­
perature of the two ends of a semicon­
ductor is several hundred degrees, the 
semiconductor develops only 10ths of 
a volt. This, however, is enough to make 
thermoelectricity useful. 

Semiconductors possess still another 
thermoelectric advantage not found in 
metals at all. In some types of semi­
conductor material the voltage differ­
ential between the hot and the cold end 
is set up not by the flow of negatively 
charged electrons but by the flow of 
positively charged "holes" vacated by 
electrons. As a result, the cold end in 
such a semiconductor becomes positive­
ly charged. The two types of semicon­
ductor are designated as "n-type" (hot 
end positive) and "p-type" (cold end 
positive). In both types, of course, the 
direction of the current (electron flow) 
is from the positive to the negative end, 
as inside a battery [see "The Junction 
Transistor," by Morgan Sparks; SCIEN­
TIFIC AMERICAN, July, 1952J. 

lSt us now construct a thermoelectric 
circuit to generate an electric cur­

rent. We take two semiconductors of 
opposite types, an n-type and a p-type, 
and join them at their hot ends [see illus-

tratiol1 on the opposite page J. Between 
their cold ends we place a conductor 
through which we wish to pass a cur­
rent. This conductor may be the arma­
ture of an electric motor, a lamp, an 
electrolytic bath to reduce aluminum, or 
any other device using an electric cur­
rent. Let us assume that a high tempera­
ture is maintained at the hot junction, 
and that the cold ends of the semicon­
ductors are maintained at a lower tem­
perature. The current produced in the 
n-type semiconductor flows from the hot 
to the cold end, while that in the p-type 
semiconductor flows from the cold end 
to the hot. The current thus flows around 
the whole circuit, including the electri­
cal device. Such a thermoelectric cell, it 
is true, yields only 10ths of a volt, where­
as technological applications require 
dozens and hundreds of volts, e.g., the 
100 to 200 volts used in the home. To 
obtain these voltages in a thermoelectric 
generator we need only join hundreds of 
individual thermoelectric cells together. 

The quality of a thermoelectric cell, 
however, is not only determined by the 
voltage it will produce. Two other fac­
tors must be taken into account: its elec­
trical and thermal conductivity. If the 
voltage it produces is to be delivered as 
useful current, then it must have high 
electrical conductivity. The same is true 
of any other generator: we want the 
electrical power outside, where we can 
use it. On the other hand, if a thermo­
electric cell is to convert a high per­
centage of the heat energy into electrical 
energy, it must have low thermal con­
ductivity. The principal deficiency of 
thermoelectric cells, as contrasted with 
other heat engines, is that most of the 
heat supplied to the hot end flows di-

rectly and wastefully, by heat conduc­
tion, to the cold end. Thus the ratio be­
tween the useful electrical output and the 
heat input in a thermoelectric cell is low. 

These three factors-the thermoelec­
tric power and the electrical and thermal 
conductivity-are inherent in the semi­
conductor material. Temperature is an­
other important factor; the higher the 
temperature of a cell, the greater its 
electrical output. One of the prime ob­
jectives of current research is to develop 
materials with high inherent thermoelec­
tric quality that will withstand high tem­
peratures. The best materials developed 
to date convert heat to electricity with 
an efficiency of about 10 per cent. 

We may compare this to a steam­
driven electric plant whose efficiency is 
about SO per cent, or to a gasoline or 
kerosene engine with an efficiency up­
wards of 40 per cent. Clearly this com� 
parison does not speak in favor of ther­
moelectric cells. But we have omitted 
the factor of time. We should recall that 
Seebeck's first thermoelectric cells had 
an efficiency of S per cent, just as high 
as the steam engines of their day. In the 
intervening century the efficiency of 
steam engines has been improved by a 

factor of 10, while thermoelectric tech­
nique-as represented by thermocouples 
made of metal-was permitted to drop 
backward by the same factor, to an effi­
ciency of only .S per cent. Semiconduc­
tors have now improved the situation 
somewhat. Thermoelectric cells today 
are not 100 times less efficient than 
steam engines, but only three times. 

Is this the best we can do? Before 
agreeing that it is, let us consider the 
question from yet another aspect. Effi­
ciency is an important characteristic of 
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a machine, but it is not the only one. 
In order to obtain electrical energy from 
a steam engine, one must construct a 
furnace, a condenser, a steam boiler, a 
steam engine and a dynamo. This is com­
plex and expensive equipment. A ther­
moelectric generator requires only a 
heater and a cooler; it has no moving 
parts. In many cases this advantage may 
more than compensate for lower effi­
ciency, especially since an efficiency of 
30 per cent can be obtained only from 
very powerful steam turbines. The effi­
ciency of small steam engines may be as 
low as 10 per cent. 

T hus for small power requirements, 
when one needs merely a few kilo­

watts of electricity, thermoelectric gen­
erators can compete with steam engines. 
For very low power requirements (as in 
radio, telegraph and telephone commu­
nications) thermoelectric generators pro­
vide the best engineering solution. And 
we must remember also that an efficiency 
of 10 per cent is not the limit for thermo­
electric generators. The efficiency will 
increase significantly if one is able to go 
on to higher temperatures. If the tem­
perature of the hot end could be raised 
to 600 degrees centigrade, for instance, 
the efficiency would go up to 18 per cent. 

Even at their present efficiencies, 
however, thermoelectric generators are 
rendering effective practical service at 
many places that otherwise would be de­
prived of electric power. The thermo­
electric generator shown in the illustra­
tion at left below obtains from the heat 
of an ordinary kerosene lamp enough 
electrical energy to power a radio re­
ceiving-set. Such thermoelectric lamps 
are being produced by tens of thousands 
in the U.S.S.R. and are in wide use. 

Imagine someone living in the far 
north of our country, to whose dwelling 
such a lamp is brought. Although the 
snows and the tundra separate him from 
the rest of humanity, he is suddenly able 
to use a radio to hear the news of the 
day and music, and to learn about the 
life of his country. At our laboratory in 
Leningrad we receive moving letters 
from such hermits. 

On the agricultural lands of the 
U.S.S.R. separate groups of farmers 
often work far apart. They are able to 
communicate with the farm headquar­
ters by means of radio transmitters 
whose range is 30 miles or more. Such 
radio stations are supplied with electrical 
energy by thermoelectric generators 
which develop about 15 watts when 
heated by a kerosene stove. In isolated 

communities stoves heated by wood or 
some other local fuel can be used to gen­
erate from a few hundred watts to a full 
kilowatt for illumination or communica­
tion. At an output of one kilowatt this 
generator uses only 5 per cent of the 
heat supplied; the remaining 20 kilo­
watts or more of heat can be used to 
warm the pens of livestock. 

And how much heat is expended use­
lessly! All heat engines give up more 
than half of their heat to the air, and 
this at temperatures at which thermo­
electric generators could supply signifi­
cant amounts of additional electrical 
energy. Let us recall, for instance, how 
hot the exhaust pipes of automobiles are. 
Anyone who lives in the modern techno­
logical world and is not without imagina­
tion can think of dozens of applications 
for semiconductor thermoelectric gen­
erators. 

Of course our greatest source of heat 
now going to waste is the SUIl itself. 
Each square meter exposed to the sun 
receives power at the rate of about a 
kilowatt. Over the entire earth this adds 
up to about 100,000 billion kilowatts, a 
million times more than all of the elec­
trical power produced throughout the 
world. In just a few days the sun sup­
plies as much energy as can be recov-

THERMOELECTRIC TECHNOLOGY IN U.S.S.R. has produced 

tbe devices shown on these two pages. The kerosene.lamp chimney 
at left employs the Seebeck effect to generate enough electric cur­

rent to power a radio. Tbe three devices at right employ the Peltier 
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ered from all known coal and oil re­
serves, accumulated over billions of 
years. The plants responsible for this 
accumulation transform less than 1 per 
cent of the energy received from the sun 
into chemical reserves. 

Solar energy indeed has its weak 
points. With 5 per cent efficiency, a 
million-kilowatt power plant would re­
quire an area of 10 square miles and 
would function only on sunny days and 
during daylight. The area necessary, 
however, is not a significant point; more 
important are the capital and mainte­
nance costs. If a solar generator costs 
much more per kilowatt than a steam or 
hydroelectric plant, then solar genera­
tion of electricity is unprofitable. So far 
solar power plants, designed around con­
ventional steam systems or around the 
most advanced solar batteries, have 
proved too expensive even on paper. 

But let us now consider thermoelectric 
solar generators. Calculations and 

preliminary experiments indicate that 
small thermoelectric units are entirely 
feasible, even allowing for the cost of 
the large steerable mirrors necessary to 
concentrate the sunlight. Such units 
could be used to pump water from un­
derground wells and irrigate desert land. 

This possibility strongly commends it­
self: irrigated deserts are the world's best 
gardens. It is still difficult to say any­
thing about large thermoelectric solar 
plants. Yet one should never forget that 
a region with dimensions of the order 
of 100 kilometers could provide enough 
electric power for the whole earth. Per­
haps thermoelectric cells will yet find 
their place in both the small- and large­
scale exploitation of solar energy. 

It must be pointed out, however, that 
the thermoelectric generation of elec­
tricity still faces many technical difficul­
ties. The high temperatures necessary 
for good efficiency are harmful to semi­
conductor materials; oxidation reduces 
their thermoelectric quality and heat 
stresses tend to cause cracks. Low-tem­
perature thermoelectric generators can 
be discussed with more confidence. A 
generator which we constructed 10 years 
ago, and which has been operated at 
room temperatures or lower, still has its 
original properties. 

The transformation of heat into elec­
tricity is, of course, only half the storv 
of the thermoelectric cell. It can trans­
form energy the other way and, in doing 
so, serve the opposed functions of heat­
ing or cooling. To see how it does that, 
let us look again at the illustration on 

page 32. There, with the cell acting as 
a generator, the hot junction receives 
heat, while the cold gives off part of 
this heat. The remaining heat is con­
verted to the electrical energy which 
produces the current flowing around the 
cell. What Peltier discovered is that the 
current which flows across the hot junc­
tion extracts heat from it and transfers 
this heat to the cold junction. 

Now if we supply electrical energy 
instead of heat to the circuit and cause 
a curren t to flow through it, this current 
will necessarily extract heat from the hot 
junction and liberate heat at the cold 
junction. Thus the electric current will 
cool one junction and heat the other. 
This is the operating principle of ther­
moelectric refrigerators and heaters. 

The thermoelectric refrigerators de­
veloped in our laboratories for domestic 
use have an efficiency approaching that 
of the more complicated and expensive 
refrigerators currently in use. Some of 
the conventional units use less electrical 
energy, but this is not particularly im­
portant, since the energy expended is 
not great. The cost of thermoelectric 
cells, moreover, runs considerably below 
the cost of electric motors and com­
pressors. 

The cost of the cell, however, is not 

effect for refrigeration. The domestic refrigerator second from left 

is the prototype of a mass-production unit. Third from left is a 
constant-temperature container for transporting biological speci­

mens; at right is a microtome with a refrigerated specimen-holder_ 
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N·TYPE SEMICONDUCTOR is a crystalline material composed of an element like ger. 

manium (gray balls) which has tightly bound electrons (small gray balls), plus an "im· 

purity" element (black balls) which has loosely bound electrons that are free to conduct 

electricity. The free electrons are shown moving toward the right in the direction of the 

potential gradient. Positive "holes': (colored circles) vacated hy electrons are stationary. 
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P·TYPE SEMICONDUCTOR material contains an impurity element (black balls) with 

fewer electrons than it needs to satisfy the bonds to its neighboring atoms in the crystal. 

Electrons from the neighboring atoms move in to satisfy the deficiency, leaving positive 

holes, which are in turn filled by other electrons. Thus the holes can wander through the 

crystal. Under an applied voltage their direction of motion is opposite lhat of electrons. 
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the whole story. A bigger item of ex­
pense is the heat-exchange system need­
ed to remove the heat from the refrig­
erator. In addition, since thermoelectric 
cells operate on direct current, a recti­
fier must be used where power is sup­
plied by alternating current. As yet it is 
hard to predict what thermoelectric re­
frigerators for the home will cost when 
they are mass-produced. The prospects 
are, however, very hopeful. 

When it comes to large-scale refrig­
eration, as in the food industry, the ther­
moelectric cell does not compete suc­
cessfully with mechanical systems. Here 
the amount of energy consumed is far 
from immaterial, and modern machines 
use it with greater efficiency than any 
thermoelectric cell so far developed or 
in prospect. We must therefore assume 
that the applications of thermoelectricity 
to refrigeration will be restricted to those 
cases in which it is more important to' 
avoid complex machinery than to keep 
down the amount of electrical energy 
expended. 

There are many such cases. Although 
it is easy to obtain heat from an elec­

tric current, to use it for cooling has 
always required electric motors and 
compressors. But where is this bulky 
gear to be placed if, for instance, one 
would like to be able to vary the tem­
perature of an object observed under a 
microscope? A small microscope stage 
provided with thermoelectric refrigerat­
ing cells requires only a few watts to 
lower the temperature of the specimen 
down to 50 degrees below zero centi­
grade, or, by changing the direction of 
the current, to raise it to 80 degrees 
above. This provides the biologist and 
the chemist with a much-needed facility. 
Another useful device is a rod that is 
cooled or heated by thermoelectric cells. 
As soon as a current is passed through 
it, frost appears on its surface, and in 
a minute or two the temperature drops 
to 30 degrees below zero. This rod can 
be used to cool any object, such as the 
skin of an animal or the air in a small 
box. Changing the direction of current 
quickly heats the rod, and water boils 
on its surface. If something has to be 
heated or cooled, it cannot be done more 
conveniently than by this device. The 
stronger the current, the greater the 
temperature change in both cases. 
Moreover, the temperature is subject to 
precise control, to within .00 1 degree. 

We now have about 30 thermoelectric 
devices for various purposes, and they 
are all useful. It is hardly worth enumer­
ating them. Rather I would call on the 
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ingenuity of the reader; he will un­
doubtedly be able to think up 30 other 
applications! 

I nstead, I should like to direct the read-
er's attention to still another aspect 

of the matter: namely, heating by means 
of thermoelectricity. What occurs is at 
first glance unexpected. In order to heat 
a room with an ordinary electric heater 
at the rate of a kilowatt, the heater must 
also use up electrical energy at the rate 
of a kilowatt. But if thermoelectric cells 
are used for this purpose, the expendi­
ture of half a kilowatt or less will yield 
the same result! 

One might think that thermoelectric 
cells shake the very foundation of sci­
ence: the law of conservation of energy. 
But of course this is not so. 

This extra heat supplied to the room 
is not created from nothing, but is trans­
ferred from a colder source, such as from 
the water supply. The thermoelectric 
cell, acting as a "heat pump," removes 
heat from the water, and transfers this 
heat to the room together with the heat 
supplied by the current. Even though 
the heat reservoir may be at a low tem­
perature, its heat can be delivered at a 
higher temperature by means of thermo­
electric cells. The less the temperature 
difference between the reservoir from 
which the heat is removed and the warm 
one to which it is supplied, the less elec­
trical energy is needed. At a tempera­
ture difference of 10 degrees our thermo­
electric cells can transfer heat with an 
expenditure of one fifth of a kilowatt for 
every kilowatt delivered; at a tempera­
ture difference of 20 degrees the energy 
expended goes up to one third of a kilo­
watt, and at 30 degrees to one half a 
kilowatt. Mechanical heat pumps used 
for this purpose have always been ex­
tremely complicated. 

On this note we shall cease enumerat­
ing the devices which have already 

been developed and which may yet be 
developed from semiconductor thermo­
electric cells. 

If in disappointment the reader says, 
"Why nothing has yet been done," 
let him remember that the pace of 
modern ideas is constantly accelerat­
ing. Aviation and radio have grown 
rapidly and moved forward briskly. Cin­
ema and television have unfolded even 
more quickly. 

Now thermoelectricity is unfolding 
before our eyes. It is only in the last 
two or three years that this field has 
been opened. Let us see what will hap­
pen in the next three to five years! 

THERMOELECTRIC TECHNOLOGY IN U. S. has produced these prototypes of products 

recently publicized by Westinghouse Electric Corporation. Clock-controlled bottle-warmer 

(and cooler) at top and hostess cart at bottom use Peltier effect for refrigeration and heating_ 
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"TRANSDUCTION" IN BACTERIA 

A VIrus can transfer genetic material, and thereby hereditary 

traits, from one bacterium to another. The phenomenon sheds 

light on the behavior of viruses and the mechanism of heredity 

V
iruses first made their existence 
known as especially tiny germs 
that cause disease in animals and 

plants. Then it was discovered that a 
virus can multiply itself only inside the 
living cell; the new viruses are released, 
and the cell dies. During the time it is 
inside, the virus vanishes in the bio­
chemical system of its host, so that its 
activities there have been largely ob­
scure. Bit by bit, however, the life story 
of the virus is being pieced together. As 
the parts fall into place, the virus is as­
suming a new identity. From the point 
of view of the biologist the germ has 
become a valuable ally in the exploration 
of the life processes of the cell. 

Geneticists have found viruses partic­
ularly useful as a means of getting at the 
mechanism of heredity. The typical virus 
is a bit of genetic material encapsulated 
in a protein coat. As such it may affect 
the genetics of its host in important 
ways. This was first observed in the case 
of viruses that infect bacteria. At times 
these viruses cause a latent infection; 
they do not kill their host but become a 
part of its genetic apparatus. The latent 
virus then acts like a bit of the bacteria's 
genetic material and induces new traits 
in its host. In this role it may be repro­
duced through many generations along 
with the bacteria's own genes before it 
resumes its existence as a separate virus. 
It is such a latent virus infection which 
causes the normally innocuous diphthe­
l'ia bacillus to make its lethal toxin. 

This article is concerned with a dis­
covery which implicates the virus even 
more deeply in the genetic processes of 
its host. It now appears that a bacterial 
virus can carry the bacteria's own genes 
from cell to cell. Like a disease carrier, 
it infects one bacterium with hereditary 
material picked up from another. 

This "transduction" of bacterial he­
redity was discovered by accident and 
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good luck in an investigation that was 
at first not concerned with viruses at all. 
The discovery occurred during an at­
tempt to induce sexual mating in the 
bacteria which cause a disease in mice 
resembling typhoid fever in man. Mating 
is a rare process in bacteria. A bacterium 

ordinarily multiplies simply by dividing 
into two cells, each of which usually has 
the same genetic constitution as the 
other. In 1946, however, Joshua Leder­
berg and Edward L. Tatum (then at 
Yale University) found that a bacterium 
in one strain of the bacillus Escherichia 

U·TUBE EXPERIMENT led to discovery of transduction. At bottom of tube was a filter. 
On left side of filter was one strain of the bacterium Salmonella typhimurium; on right 

side, another strain. The strain at right harhored "latent" virus (small black square on 
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coli could mate under certain conditions 
with a bacterium in another strain of the 
same species, and thus give rise to bac­
teria with some characteristics of both 
strains. There seemed to be no reason 
why E. coli alone among bacteria should 
have the ability to mate, so in 1949 
Lederberg and I (then at the University 
of Wisconsin) undertook to induce mat­
ing in another species. 

For our first experiment we c
.
hose two 

strains of the mouse-typhoid bacte­
rium, Salmonella typhimurium. Each 
strain lacked the capacity to synthesize 
a particular amino acid needed for its 
growth, but was able to make the amino 
acid which the other strain could not 
produce. If mating occurred, some of the 
offspring should be able to synthesize 
both factors; they could then be isolated 
by transfer to an agar medium that did 
not contain either of the two amino 
acids. On such a medium the parent 
strains would not be able to proliferate, 
but the new cells would form visible 

colonies in a few hours. Accordingly we 
mixed cells of the two parent strains and 
spread them on the selective agar. Colo­
nies of the new type of cells appeared; 
apparently we had succeeded in mating 
Salmonella. 

To be sure that the new cells were 
the product of mating, we tried to mate 
strains that were distinguished from 
each other by more than one trait. The 
offspring of bacterial mating may com­
bine genes from their two parents in any 
proportion. We could therefore expect 
to find a variety of new cells, some more 
like one parent and some more like the 
other. We were surprised to find, how­
ever, that the offspring of these matings 
all resembled one parent, except for the 
trait by which they were isolated and 
which was supplied by the other parent. 
The transfer of only one trait at a time 
was not consistent with the idea of a 
mating process. Furthermore, one of the 
two strains always acted as the donor, 
and the other as the recipient, of the 
genetic trait. 
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We considered first the simplest alter­
native: the change was merely a random 
mutation. But this possibility had to be 
rejected because the change appeared 
much more frequently in mixed cultures 
of the parent strains than in unmixed 
cultures. Nor could it be an increase in 
the mutation rate in the mixed cultures, 
for the new trait of the recipient strain 
was always related to traits of the donor 
strain. We concluded that we had stum­
bled upon an instance of bacterial "trans­
formation." In this process the genetic 
traits of one strain of bacteria are trans­
formed by contact with the genetic ma­
terial of another strain. No contact be­
tween the cells is necessary. In familiar 
instances of transformation, in fact, the 
cells of the donor strain are dead, and 
their genetic material-the deoxyribonu­
cleic acid, or DNA, contained in their 
chromosomes-is released into the cul­
ture medium. The recipient strain incor­
porates some of this free DNA into its 
chromosomes, and thus acquires traits 
of the dead strain [see "Transformed 

. ..... 

schematic chromosome). Occasionally one of these bacteria re­

leased live viruses (tadpole·shaped objects) which passed through 

filter (first drawing). In strain at left the viruses multiplied rapidly 

(second drawing). Some of the viruses (colored) carried hits of 

genetic material of the strain at left hack through the filter to be­

come part of genetic mater],,] "f Ihe sl rain at right (third drawing). 
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VIRUS PARTICLES used for transduction of Salmonella are enlarged some 60,000 diame­

ters in this electron micrograph made by Keith R_ Porter of the Rockefeller Institute_ 

Bacteria," by Rollin D. Hotchkiss and 
Esther A. Weiss; SCIENTIFIC AMERICAN, 
November, 1956]. Though well-estab­
lished in certain species of bacteria, 
transformation had never been observed 
in Salmonella. 

To test the transformation hypothesis, 
we now grew our two Salmonella strains 
in a specially constructed U -shaped 
tube. One strain was grown in one arm 
of the tube; the other strain, in the other 
arm. Between the two arms was a filter 
which prevented mating contact be­
tween the two strains [see illustration on 
pages 38 and 39J. To promote the ex­
change of substances secreted by the two 
strains, we gently flushed the nutrient 
broth from one side of the tube to the 
other. When the two strains were trans­
ferred to a selective medium, some off­
spring of the recipient strain showed a 
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new trait picked up from the donor 
strain. Transformation seemed to be the 
answer. We then performed a more con­
ventional transformation experiment, 
treating the recipient culture with pure 
DNA extracted from the donor strain. 
This, unexpectedly, had no effect at all. 
With our hypothesis now shaken, we 
went back to the U-tube. This time, with 
the idea of eliminating the possibility 
of transformation, we added an enzyme 
which destroys free DNA. In spite of 
the presence of the enzyme, genetic 
changes appeared just as before. We 
were obliged to discard transformation 
as well as mating, and to look for another 
explanation. 

What could be happening in the U­
tube? The donor bacterium passed 

its genetic material to the recipient in 

". 

pieces small enough to pass through the 
filter, but the pieces were not damaged 
by the DNA-destroying enzyme. Both 
parents had to be present for the trans­
fer to take place, but they did not have 
to be in direct contact. We wondered 
whether the donor perhaps gave off 
something other than DNA which could 
affect the heredity of the recipient. To 
test this idea, we added broth filtered 
from a culture of donor cells to a culture 
of recipient cells. No heritable changes 
resulted. However, when we grew the 
two strains together and filtered the 
broth, this fluid did produce changes in 
a fresh culture of recipient cells. At this 
point we realized there were two steps 
in the process: first the recipient had to 
produce something to stimulate the don­
or, and then the donor could send ge­
netically active material back to the re­
cipient. 

Now we made
· 

a further discovery: 
once a culture of donor cells had been 
stimulated by exposure to fluids from 
the recipient strain, the fluid from this 
culture could stimulate other donor cells. 
The stimulating material was somehow 
reproduced in the donor bacteria. This 
reproductive capacity made us think of 
bacterial viruses. Viruses are small 
enough to pass with ease through the 
filter in the U-tube, and the protein coat 
of the virus protects its DNA from the 
enzyme which destroys free DNA. 

The most familiar bacterial viruses are 
so destructive that an infected culture 
virtually disappears before your eyes. 
Obviously we would have noticed a virus 
of this type immediately. The "temper­
ate" virus that causes a latent infection 
is harder to detect. Killing off only a 
small fraction of the cells, a latent in­
fection may scarcely change the density 
of a culture. But occasionally one of the 
latent viruses regains its original form, 
multiplies in the cell and bursts forth to 
invade others. As a result a little free 
virus is always present in a culture of 
bacteria harboring a latent infection. 

Sure enough, when we looked for 
viruses in cultures of donor Salmonella 
which had been treated with stimulat­
ing fluids, we found large numbers of 
virus particles. Further experiments in­
dicated that virus activity and stimulat­
ing activity went hand in hand, and 
confirmed the fact that the virus was 
the stimulating agent. 

It was but one step further to the 
theory that the viruses also acted as car­
riers of genetic material from donor to 
recipient bacteria. We hesitated to take 
this step, for the theory implied too 
much. It suggested, for example, that the 
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TRANSDUCTION requires first (A) a culture of donor cells 

which is infected with virus. Liquid filtered from this culture con­

tains viruses (B), some of which carry genetic material from the 

bacteria (colored). Another strain of bacteria can be infected with 

this virus (C). Some of them (D) then produce more virus (top), 
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some acquire genes of the donor bacteria (colored square), some 

acquire the genes of latent virus (black square), and some receive 

both. Occasionally a cell takes in a bacterial gene but does not 

incorporate it into its chromosome (upper right) ; gene is not du­

plicated when cell divides, so only one daughter cell receives it. 
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viruses of human diseases may carry ge­
netic material from one host cell to an­
other. But no other theory could explain 
the compelling evidence that the bacte­
rial virus and the carrier of the genetic 
material from the donor to the recipient 
bacteria were identical in physical, 
chemical and biological properties. 

The Salmonella mystery was now 
easily resolved. One of our two strains 
(the recipient) carried a temperate virus 

as a latent infection. The second strain 
(the donor) was especially susceptible 
to this virus. When the two were mixed, 
an occasional infective virus developed 
in the recipient strain and invaded a cell 
of the donor strain. When the offspring 
viruses erupted from the dying cell, 
most of them had genetic cores of virus 
DNA synthesized from the substance of 
the bacterial cell. But some of them in­
corporated particles of Salmonella DNA 
unchanged in their genetic cores. The 

A • 

B 

••••••••••• 

••••••••••• 

normal viruses went on to cause infec­
tions in o�her bacterial cells, active or 
latent depending upon the strain of the 
bacteria. Those that carried bacterial 
DNA and invaded the recipient strain of 
bacteria brought about entirely different 
consequences. Instead of killing their 
host, they simply disappeared. The DNA 
they brought with them took its place 
in the chromosomes of the recipient cell 
and modified the nutritional or other 
characteristics of the cell's offspring. 

It was pure chance that one of the 
strains chosen for our studies contained 
a latent virus, and that another was sus­
ceptible to this virus. We had certainly 
not expected to encounter a new genetic 
mechanism, and, considering the many 
factors that had to be in harmony, the 
discovery was extremely fortuitous. 

I n some ways the transduction of ge­
netic traits by a virus closely resem-

•• 

THREE METHODS of transferring genetic material from one bacterial cell to another are 

known. In "transformation" (A) the cells are disrupted to free the genetic material (col. 
ored), a small bit of which may then enter another cell. In transduction (B) viruses which 

can infect the cells carry genetic material from one to another. In mating (C) the material 

is passed by direct contact of cells, and a greater quantity can be transferred at one time. 
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bles latent infection by a virus. The dif­
ference between the two processes lies 
in the nature of the genetic material car­
ried by the virus, whether it is DNA 
picked up from a bacterial chromosome 
or true virus DNA. The DNA in a virus 
of a given strain has the same composi­
tion as the DNA in other viruses of the 
same strain. In latent infection this DNA 
will always take the same station in the 
host cell's chromosome, and will induce 
the same change in the characteristics of 
the host cell. The traits associated with 
latent virus-a new synthetiC capacity or 
a change in the cell wall-appear in 
every cell harboring the virus. If the 
bacterial cells lose the virus genetic ma­
terial, as evidenced by the disappearance 
of free virus from the culture, they si­
multaneously lose the trait associated 
with the virus. 

On the other hand, the bacterial DNA 
carried by the virus may vary in compo­
sition, and each kind of DNA may be 
capable of producing a different trait . 
The properties of this DNA do not de­
pend on the virus at all, but only on the 
bacterium from which it came. In the 
virus's new host, the bacterial DNA 
takes a station in the chromosome corre­
sponding to the position it had occupied 
in the chromosome of the previous host. 
Only a very few of the cells in a culture 
will gain traits by transduction, but once 
incorporated such traits remain even 
after the strain loses the virus DNA. 

Actually the transduction of a new 
trait to a bacterium is not always accom­
panied by a latent infection. Conversely 
a virus can take the latent form in a bac­
terium without establishing a transduc­
tion. Whether one virus particle can pro­
duce both effects is uncertain; a given 
cell is usually invaded by more than one 
virus. It is quite possible that a virus 
must lose some of its own DNA in order 
to acquire bacterial DNA, and as a re­
sult it may no longer be able to produce 
an active infection. 

T he piece of DNA that is picked up 
by the virus must be very small in­

deed. It was thought for a time that 
this fragment might correspond to a 
single gene unit, since a virus particle 
appeared to transfer just one bacterial 
trait at a time. In the course of our work, 
however, we discovered several traits 
which the virus regularly transfers in 
pairs. The piece of DNA carried by a 
virus must therefore be large enough for 
at least two genes, the two presumably 
lying adjacent or closely linked in the 
chromosome. 

Studies of the swimming ability of 
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Salmonella led us to the first pair of 
linked genes. Some Salmonella strains 
have whiplike tails (flagella) with which 
they can swim through liquids or semi­
solid gelatins; others have no tails and 
cannot move. The tailless bacteria stay 
put and grow into colonies wherever 
they are placed, but the others swim off 
and spread in a cloudy swarm through­
out the culture medium. The swimming 
strains are of different types, distin­
guished by the proteins of which their 
tails are made. We found that the ability 
to swim depends on two genes-one to 
determine whether or not the tail is 
made, and the other to determine the 
specific protein of which it is made. A 
tailless cell may already have a dormant 
gene for a kind of tail protein; if it ac­
quires a gene for tail-making by trans­
duction, it will make a tail of the protein 
type determined by its own gene. Almost 
as often, we found, the tailless cell will 
pick up a new gene for tail protein along 
with the tail-making gene; as a result it 
produces a tail of the donor's type in­
stead of its own. The new genes intro­
duced by transduction push out the cor­
responding genes in the bacterial chro­
mosome and take their place. 

The linkage between genetic traits re­
vealed by transduction offers a clue to 
the linkage of the genes in the structure 
of the chromosomes. Transduction thus 
promises to be a useful tool in the im­
portant task of "mapping" chromosomes. 

Bruce Stocker, a British bacteriologist, 
has demonstrated an abortive mode of 
transduction. The transduCing DNA 
does not, in this case, replace a gene in 
the chromosome of the recipient cell, 
but by its very presence it induces a new 
trait. When the cell divides, however, 
the new gene is not duplicated, and only 
one of the daughter cells exhibits the 
trait. Stocker made this interesting dis­
covery in an investigation of the swim­
ming trait, when the recipient cells pro­
duced a trail of colonies rather than a 
spreading swarm. The colonies along the 
trail consisted entirely of tailless cells. 
But the trail had been laid by the swim­
ming daughter cell which moved on to 
the next site after each division. 

It seems possible to move any herit­
able trait from one cell to another by 
transduction. We have succeeded in 
transducing almost every trait we can 
reliably detect by experiment, including 
drug resistance, motility factors and an­
tigenic factors. Transduction has been 
demonstrated in many kinds of Salmo­
nella, in related species and in mating 
strains of E. coli. But ironically no one 
has succeeded in mating Salmonella. 
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TRANSDUCTION TO MOTILITY revealed that two genes, presumably linked in the bac­

terial chromosome, can be carried together in a virus. Virus (A) from a culture of tailed 

cells (top) was used for transduction of un tailed cells. Two types of motile cells resulted: 

some (right center) had received only the gene for tail.making and made tails of the protein 

type for which they already had a latent gene; an equal number (left center) had tails like 

the donor because they had also received a tail.protein gene. Transductions of untailed 

cells were repeated with virus from each of the new types of cells. One (B) gave 

rise to two types of tailed cells; the other (C) produced only one type of tailed cell. 
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Stellar Populations 

FI/teen years ago Walter Baade obser(Jed that stars are di(Jided into 

two populations. His concept opened up a broad field 0/ study, and 

now astronomers classify stars into ji(Je populations instead 0/ two 

D
uring the fall of 1943 there were 

a few nights of almost ideal ob­
serving conditions at the Mount 

Wilson Observatory. The air was excep­
tionally steady, the temperature nearly 
constant and the surrounding valley lay 
in the darkness of the wartime blackout. 
Walter Baade of the Mount Wilson staff 
seized the opportunity for another try at 
a long-standing problem-to photograph 
separate stars in the central region of 
the great spiral nebula in Andromeda. 
All previous photographs with the 100-
inch telescope on Mount Wilson, the 
most powerful instrument then avail­
able, had shown this region only as a 
hazy blur of light. 

The combination of favorable circum­
stances and of Baade's great technical 
skill and ingenuity was successful. His 
now-famous plates revealed that the blur 
was actually a dense mass of faint, red­
dish stars. He also succeeded in resolv­
ing stars in the two small companion 
nebulae of the Andromeda nebula: M 32 
and NGC 205. As Baade himself has ex­
plained in SCIENTIFIC AMElUCAN [see 
"The Content of Galaxies"; September, 
1956], a study of these newly resolved 
objects suggested that all stars are 
sharply divided into two classes: one, 
which Baade called Population I, whose 
brightest members are hot, blue stars; 

LUMINOUS CLOUD of interstellar matter 

in the constellation of Scutum Sobieski was 

photographed with the 200·inch telescope 

on Palomar Mountain. The matter is made 

luminous by the bot youn g stars of Popula. 

tion I embedded in it. In sucb regions stars 

are probably being formed at the present 

time. Small dark patches of dense matter 

can also be seen; some of them may repre· 

sent an early stage in the formation of stars. 

by Margaret and Geoffrey Burbidge 

and one, which he named Population II, 
whose brightest stars are cool and red, 
but very large. He concluded that the 
stars of Population I were relatively 
young, while the stars of Population II 
were quite old. Most of the stars near the 
sun, and those which had long been visi­
ble in the arms of the Andromeda spiral, 
fell into the first group; those in the cen­
tral region of the Andromeda nebula, 
and in the so-called globular clusters of 
our own galaxy, into the second. 

After 15 years of investigation our 
picture of stellar populations has grown 
less simple and perhaps less surprising. 
Instead of supposing that all stars fall 
into just two groups, widely separated 
in age and location in the galaxies, we 
now believe that there is a more nearly 
continuous spectrum of ages, from very 
ancient stars to those still in the process 
of birth. We still divide them into class­
es, but these are more numerous, and 
one tends to merge into the next. To ap­
preciate how the current view has de­
veloped, let us retrace the steps since 
Baade's original findings. 

The brightest stars in his Population I 
are bluish white, with surface tempera­
ture of some 30,000 degrees absolute, 
and the brightest of them shine with the 
brilliance of 100,000 suns. As we have 
said, the great majority of stars near the 
sun seemed to belong to this group, as 
do the stars which had been resolved on 
photographs of the arms of the Androm­
eda nebula and other nearby spiral 
galaxies. 

On the other hand, no members of 
Population I were found between the 
arms or in the central regions of spiral 
galaxies, or in the so-called elliptical 
galaxies, which have no spiral arms. In 
these regions the brightest stars (in 
Baade's Population II) are 50 to 100 
times fainter than those in Population I, 

and their surface temperatures are rela­
tively low-only 3,000 or 4,000 degrees. 
Their color is distinctly red, and Baade 
was struck by their similarity to the 
brightest stars in the globular clusters of 
our own galaxy. These dense clusters, 
each containing some 100,000 stars, are 
distributed around the galaxy in a 
roughly spherical volume [see illustra­
tion at top of page 49]. 

T hus far we have spoken only of the 
brightest stars in the various regions. 

Each population also contains a whole 
array of fainter members, which seemed 
to fall into the same population group­
ing. All these stars can also be classified 
in another way: by means of the well­
known temperature-luminosity diagram, 
in which intrinsic brightness is plotted 
against temperature. When this is done, 
the stars fall into a well-defined pattern, 
with the two populations occupying dif­
ferent parts of the diagram [see illustra­
tion on page 47]. The band running 
from upper left to lower right is known 
as the "main sequence." There are Popu­
lation I stars along its entire length, but 
members of Population II are found only 
below a certain point near the middle. 

Now it is known that the brightness 
of stars on the main sequence depends 
on their mass. In fact the brightness in­
creases as the square of the mass at the 
lower end of the main sequence, and as 
the third or fourth power at the upper 
end. If one star has twice the mass of 
another, it will be four to 16 times as 
bright. But the mass of a star is a meas­
ure of the amount of fuel it has available 
to burn in the thermonuclear reactions 
which produce its radiant energy, and 
the brightness is a measure of its rate 
of burning. Therefore the lifetime of the 
star (the time required to consume all 
of its nuclear fuel) is proportional to the 
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GREAT NEBULA IN ANDROMEDA was photographed hy the 

48·inch Schmidt telescope on Palomar Mountain. The arms of this 

spiral galaxy, the disk of which is seen at an angle, are outlined hy 
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the dark lanes that lie between them. Population.I stars are founrl 

in the arms; Populatiou.II stars, in the bright central region. The 

small blobs above and below the disk are small satellite galaxies. 
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mass divided by the brightness. Because 
brightness increases so much more rap­
idly than mass, the bright, hot stars at 
the upper left in the main sequence must 
burn themselves out much faster than 
the fainter stars do. In fact, the brightest 
and hottest appear to be less than a mil­
lion years old. 

Thus Baade's Population I contains 
relatively young stars. They are so young 
as a group that some must even now be 
in the process of formation. Indeed, we 
can probably see this happening in our 
own galaxy. There are some faint, irregu­
larly flickering stars in the Great Nebula 
in Orion whose unsteadiness is almost 
certainly due to their youth. They have 
not settled down to an orderly existence 
on the main sequence. Some of them 
may even be growing yet, drawing to 
themselves more of the surrounding gas 
and dust. 

We can now understand why Popula­
tion I stars exist only where Baade found 
them, in the spiral arms of galaxies. 
Formed recently, they have not had time 
to move away from the region contain­
ing the raw materials out of which they 
were made. And for some reason, prob­
ably having to do with magnetic fields, 
interstellar gas and dust are concentrated 
in spiral arms. Between the arms and in 
the central parts of spiral galaxies, as 
well as in the whole of elliptical galaxies, 
there is no dust and very little gas. 

These regions are the domain of Popu­
lation II. There is good reason to suppose 
that they have been dust-free for a very 
long time, and so all the Population II 
stars must be quite old. It is easy to see, 
then, why their main-sequence members 
extend only to stars slightly brighter, 
and about 20 per cent heavier, than the 
sun. All the brighter ones that must 
have been on the upper part of the main 
sequence came to the end of that phase 
of their lives long ago, and there has 
been no material to make replacements. 

I low does a star leave the main se-
quence? Theories of the nuclear re­

actions in stars show that most of their 
hydrogen is consumed and converted to 
helium deep in their interiors. As time 
goes on, the core in which the hydrogen 
has been totally consumed grows larger 
and larger. When the core comes to con­
tain about a 10th of the whole mass of 
a star, the star's internal structure be­
comes unstable. To restore equilibrium 
its material must be rearranged. In the 
process the star expands fairly quickly, 
and its surface layers cool; it becomes a 
"red giant." This is what has happened 
to the red stars that are the brightest 

members of the globular clusters, and to 
those which appear on Baade's photo­
graphs of the Andromeda nebula and 
of its companions. 

Eventually a red giant uses up all the 
nuclear fuel in its center and comes to 
the end of its life as a normal star. Then 
it may become a supernova, disintegrat­
ing in a giant thermonuclear explosion, 
or it may suffer a series of lesser explo­
sions known as nova outbursts. Such 
must have been the fate of the bright 
stars of Population II. In Population I 
there are also some red giants, but they 
are about 15 times less 'bright than those 
of Population II. Examination of their 
spectra has shown that the chemical 
compositions of the two types of red 
giants are not the same. In the Popula­
tion II red giants the heavier elements 
such as calcium and iron are only about 
one one-hundredth as abundant with re­
spect to hydrogen as they are in the red 
giants of Population 1. Thus the mem­
bers of Population II must have been 
made out of material that was relatively 
poor in the heavier elements. 

This is just what we should expect 
from the current theory of the origin of 
the elements. It tells us that in the be­
ginning there was only hydrogen. All the 

other chemical elements have been cre­
ated out of hydrogen by nuclear reac­
tions in stars. Each time a star goes 
through its explosive death throes it 
spews out the heavy elements it has 
manufactured during its life. Hence the 
dust and gas out of which new stars are 
made must have been gradually enriched 
in the heavier elements. Thus it is not 
surprising that the oldest stars we ob­
serve today should contain the lowest 
proportion of these substances. 

All this seems reasonable enough, but 
it does not explain why there should be 
only two stellar populations, an old one 
and a young. Why not some middle-aged 
stars? As we have indicated, the sequel 
to Baade's work has resolved the puzzle. 
Middle-aged stars do indeed exist. 

T he most revealing indication came 
from studies of the movements of 

stars in our own galaxy. The galaxy as a 

whole is revolving, and the individual 
stars share in this motion. In addition 
they have movements of their own. Not 
only do they travel about in the central 
plane of the galaxy, but most of them 
have a component of motion perpendic­
ular to the plane [see illustmtion at the 
bottom of page 49]. This component 

; 
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SURFACE TEMPERATURE )DEGREES KI 

TEMPERATURE·LUMINOSITY DIAGRAM elucidates the relationship between stars of 

Population I and those of Population II. The black hatched areas are occupied by stars of 

Population I; the colored hatched m'eas, by stars of Population II. The red.giant stars 

are at the upper right. The sun, a star of Population I, is indicated by the colored dot. 
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GLOBULAR CLUSTER, M 13 in the constellation of Hercules, was photographed with 

the 200·inch telescope. A member of our own galaxy, it consists only of Population II stars. 

ELLIPTICAL GALAXY, NGC 205, photographed with the 200·inch, is composed of Disk· 

Population or Population.II stars. It is the object near the top of photograph on page 46. 
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(which, in the reference system conven­
tionally adopted in astronomy, is along 
the z axis) carries them above or below 
the central plane. They can travel only 
so far in the z direction before the 
gravitational pull of the central mass of 
stars brings them back. Then they re­
verse their motion and move back to­
ward the plane. Like pendulums, they 
do not stop at the equilibrium pOint, but 
overshoot and travel an equal distance 
to the other side of the plane, and so on. 

At any given moment the z-speed of 
a star depends on its position in the os­
cillatory cycle. But, in general, stars 
with the highest z·speed should swing 
farthest from the central plane. And so 
it turns out. The globular clusters, ar­
ranged nearly spherically around the 
plane, have z-speeds of about 100 kilo­
meters per second. The brightest, hottest 
stars, which lie in a very flat disk in the 
central plane have z-speeds of only 
about five kilometers per second. But the 
catalog of speeds is not restricted to 
these extreme values. There is a continu­
ous gradation; and in the case of main­
sequence stars the brighter they are, the 
smaller their speeds and the nearer they 
lie to the central plane. This fact 
emerged gradually, in the course of 
many years of observation by several 
astronomers. In 1950 the Soviet astrono­
mer P. P. Parenago drew attention to it 
and suggested that, rather than two 
clearly defined populations of stars, 
there must be a full range of populations. 

More recently we have found that the 
chemical compositions of stars show a 

similar spread. The percentage of heavy 
elements varies from the very low value 
characteristic of the globular clusters to 
the much higher value found in the 
brightest stars. Thus our galaxy appears 
to contain stars of various ages, with the 
older ones lying, on the average, farther 
from the central plane. 

The picture is quite satisfactory be­
cause it fits well with the current view 
of galactiC evolution. We suppose that 
our galaxy began its life as a cloud of 
hydrogen gas, either pure or slightly con­
taminated with heavier elements from 
exploded stars in earlier galaxies. The 
cloud then began to shrink, pulled to­
gether by its own gravitational attrac· 
tion. As it did so, the first stars or clus· 
ters of stars began to form. In the be· 
ginning the gigantic cloud probably re­
volved slowly, speeding up as it shrank. 
As a consequence of its rotation the 
sphere gradually flattened, under the 
same kind of force that makes the ro­
tating earth slightly flattened at its poles. 

All the time the cloud was shrinking, 
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flattening and revolving faster and fast­
er, stars were forming in those regions 
where, by chance, the density was high­
er than average. Big stars went quickly 
through their life histories, cooking up 
heavy elements and then exploding and 
scattering them back into the gas out of 
which new stars were continually con­
densing. The shape of the cloud at any 
epoch should be preserved by the stars 
formed at that time. Once they had co­
alesced into dense masses; they would 
move more or less independently of the 
surrounding gas and dust, and would no 
longer partake in the general flattening 
and shrinking. As we have seen, the old­
est stars we see today are indeed dis­
tributed most nearly spherically. 

A t a conference in Rome in the sum­
j-� mer of 1957 astronomers generally 
agreed on a convenient classification of 
stars into five populations. They are as 
follows: 

l. Extreme Population II. This is the 
oldest group-at least seven or eight 
billion years old. In our galaxy it is 
represented by the globular clusters, to­
gether with a sparse spherical distribu­
tion of stars lying between them. These 
isolated stars may have escaped from 
the clusters. 

2. Intermediate Population II. Not 
quite as old as the first group, it occu­
pies a volume not completely spherical, 
though not flattened very much. Stars 
which explode as novae, and also the so­
called planetary nebulae, apparently be­
long either to this or to the next group. 

3. Disk Population. These stars prob­
ably range from three to five billion years 
old. The Disk Population makes up the 
great bulk of the stars in our galaxy and 
in the Andromeda nebula; most of the 
stars between the spiral arms and in the 
dense central regions probably belong 
to it. The sun is probably a member. We 
know from its chemical composition the 
sun must be at least a "third generation" 
star, which indicates that many stars 
completed their life cycles before the 
Disk Population was formed. 

4. Intermediate Population 1. This 
Population ranges from about a hun­
dred million to a few billion years old. 
Its members, which include stars like 
Sirius, lie in or quite near the central 
plane of the galaxy but are not restricted 
to spiral arms. 

5. Extreme Population I. This is tens 
of millions of years old or less, and it 
includes the gas and dust still not con­
densed into stars. Both the gas and the 
stars lie in spiral arms. The hot, bright 
stars in Orion, particularly Rigel and 

the stars in the Orion nebula, belong to 
this class. 

This division into five populations is 
a matter of convenience; actually the 
groups merge into one another and could 
be further subdivided. 

According to the new grouping, stars 

in the central regions of the Andromeda 
nebula and of the large elliptical nebu­
lae are Disk Population, while the globu­
lar-cluster stars belong to Extreme Popu­
lation II. The chemical compositions 
seem to support the classification: 
globular-cluster stars are considerably 

SCHEMATIC EDGE·ON VIEW of our owu galaxy shows its central bulge aud relatively thin 

arms. The circle is a cross section of the spherical volume occupied by the globular clusters. 

z 

SCHEMATIC THREE.QUARTERS VIEW of the galaxy shows the three components in 

the motion of a star in its central plane. The star swings like a pendulum in the z direction, 

while it also moves in the xy plane, taking part in the rotation of the galaxy as a whole. 
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CENTRAL REGIONS of two spiral galaxies are compared. At top is the galaxy NGC 5457; 

its central region is small in comparison to the extent of its arms. At bottom is NGC 4736; 

its central region is large in comparison to the extent of its arms. Since the central regions 

of galaxies contain old Disk.Population or Population.II stars, the second galaxy may 

he older than the first. Both galaxies were photographed witb the 200·inch telescope. 
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poorer in the heavy elements than the 
others. But there are still some open 
questions. We have mentioned that, be­
cause of their lower concentration of 
heavy elements, the bright red giants in 
globular clusters are about 15 times 
brighter than those near the sun. Yet the 
brightest red giants in the center of the 
Andromeda nebula apparently have the 
same brightness as those in globular 
clusters. Also, in the central regions of 
our galaxy there is a large number of 
variable stars of the same type as those 
found in globular clusters. Perhaps these 
regions actually contain a mixture of 
classes, including Extreme Population II, 
as well as Intermediate Population II 
and Disk Population. 

C learly we have only begun to under-
stand the whole problem. When we 

learn how to classify all the stars we can 
observe, we shall know a great deal more 
about the history of the universe. Many 
intriguing questions suggest themselves. 
For example, what is the detailed life 
history of a galaxy? Are the galaxies 
around us in different stages of develop­
ment? It seems now that they are. Spiral 
galaxies with very small central bulges 
may be much younger than galaxies like 
ours, in which the central bulges are 
large. Probably the central region grows 
larger as a galaxy ages, because its ma­
terial gradually loses its random move­
ment and falls inward. As the center 
becomes denser, star formation speeds 
up. Therefore it is not surprising to find 
stars covering a considerable range of 
ages in the central regions. 

It is possible that all galaxies do not 
age at the same rate. Factors such as 
the mass of a cloud of gas, its initial 
speed of rotation and the size of its 'mag­
netic field, if it had one, may affect its 
development and the rate of star forma­
tion in it. Thus galaxies that were born 
at the same time may now have reached 
very different stages in their life his­
tories. This might explain why old- and 
young-looking galaxies are sometimes 
found very close together. For example 
the two Clouds of Magellan, our nearest 
extragalactic neighbors, seem quite 
young as compared with our galaxy. 
Half of their masses are still in the form 
of gas, whereas the gas in our galaxy 
comprises only a few per cent of its mass. 
Whether they are also poorer in heavy 
elements is not yet certain. 

Many different branches of astronomi­
cal research are at present converging on 
the problem of the life histories of gal­
axies. But the concept of stellar popula­
tions, originated by Walter Baade, re­
mains the key to all the approaches. 
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___ Kodak reports on: 
close-up photography: simple enough for junior, good enough for senior 
... what happened on August 22,1946 

Uca pugilator, brandishing his fiddle. 

Note smooth "palm" on inside of large 

claw. In Uca pugnax, another abundant 

fiddler crab, there is ridge there. 

Photograph made by new Kodak 
Startech Camera, device of utmost 

simplicity. Actually designed not only 

for zoologists and botanists but also 

dermatologists, dentists, dendrogra­

phers, dactylographers, and divers 

other professionals who intend to 

make close-up photographic records 

but haven't. All problems of lighting, 

exposure, and focusing eliminated by 

ingenious triple ploy involving flash­

bulbs, two different slip-on lenses, and 

two tiny diaphragm openings. Even 

has prism to correct viewfinder paral­

lax. Kit includes flashbulbs, flashguard, 

batteries, lenses, neutral grey easel 

on which to set specimens, and starting 

roll of Kodak 127 Ektachrome Film for 

vivid color transparencies and prints 

too, as desired-all for around $35. 

Write Eastman Kodak Company, Medi­

cal Division, Rochester 4, N. Y., for 

particulars, including nome and ad­

dress of scientific instruments dealer 

who handles outfit. 

H ow above photo was made. .... 

This photo also by Startech Camera. Ideal 
Christmas gift even for younger scientists. 

Photoplast plates 
Rohm & Haas and we are putting 
on a little promotion. They are the 
people who make optically clear 
methyl methacrylate sheets under 
the trademark "Plexiglas." We are 
the people who try to make the 
world's most dependable photo­
graphic emulsions under the trade­
mark "Kodak." 

This is another advertisement where Eastman Kodak Company 

probes at random for mutual interests and occasionally a little 

irevenue from those whose work has something to do with science 

The promotion draws attention 

to the result of coating one of our 
emulsions on their methacrylate, 
"Plexiglas," to produce Kodak Pho­
toplast Plates. The plates went of­
ficially on sale on August 22, 1946. 
You could have placed an order for 
them the next morning if you had 
known about them and wanted 
some. No special reason for delay­
ing the promotion till now. The 
matter just hadn't struck us as 
urgent until Rohm & Haas phoned 
us about it the other day. Ever 
eager to see "Plexiglas" moving 
along the arteries of trade with or 
without photographic emulsion on 
it, R & H wanted to tell their field 
sales force about Photoplast Plates. 

Then, even before we got around 
to deciding that this would be fine 
with us, came another phone call 
about Photoplast Plates from one 
of the smarter firms in the electron­
ics business. Originally they had 
inquired about circular glass plates 
which would accept photographi­
cally a fine-detail pattern. Link by 
link, the chain of correspondence 
had led up to Photoplast Plates. 
They can resolve better than 200 
lines per millimeter, machine beau­
tifully in broad daylight after expo­
sure and processing, are easy to 
cement with recommended solvents 
and are easy on the nerves of arti­
sans and engineers afflicted with 
slippery fingers. The electronics ex­
ecutive on the phone was beside 
himself with enthusiasm at the ana­
log-to-digital code wheels he had 
fabricated with them. He was also 
popping with ideas for putting 
computer programs on them in op­
tical form. Whether he was going 
to read the programs with multiple 
arrays of tiny Kodak Ektron De­
tectors he didn't say. 

Very well. We hereby advertise (and 
Rohm & Haas salesmen are free to dis­
close) that Kodak Photoplast Plates 
are for sale in any desired rectangular 
size /rom 4" x 5" to 20" x 24" and ill 
thicknesses of !1Il ", Vs", and 1,4". 
Prices and technical details on applica­
tion to Eastman Kodak Company, 
Special Sensitized Products Division, 
Rochester 4, N. Y. 

Price quoted ;s subject to 
change witholtl notice. 
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Radiation Chemistry 
Sheds New Light On 

STRAIGHT - CHAIN 
HYDROCARBONS 

A while back Archer-Daniels-Midland 
people decided to snoop into the effects 
of high energy radiation on some of their 
saturated straight-chain hydrocarbons. 
Under the impact of the terrific energies 
from nuclear radiation, both the satu­
rated hydrocarbons and some of the 

straight-chain olefins 
stolidly clung to their 
normal personalities. 
They sat there un­
m o v e d  a n d  u n i m­
pressed by sizzling 
gamma rays and whiz­
zing electrons. 

Key to the situation is the orderly 
straight-chain structure of hydrocarbons 
derived from tallow, marine, or vege­
table oils, quite unlike the bran'ched­
chain ones made from petroleum. The 
latter are less stable under radiation 
because high energy waves or particles 
have a fairly easy time splitting off the 
side chains. 

New Lubricant Horizons 
Since radiation isn't as likely to tamper 

with the long, straight-chain saturated 
hydrocarbons . . .  and since they are 
excellent lubricants and lube additives 
... they are c1eafly of interest in lubri­
cants for use in nuclear power plants. 
Other uses in radiation bombarded loca­
tions are easy to contemplate. 

If you are involved in developing new 
products or improving old ones ... if 
you are looking for a startling new 
chemical with untapped potential . . .  
why not give a little attention t o  the 
saturated hydrocarbons obtained by hy­
drogenation of straight-chain olefins? 
We'll- be pleased to send you technical 
information, samples, or have an ADM 
Chemical Technical Representative call 
on you. 

Archer­
Daniels­
Midland 
CHEMICAL PRODUCTS DIVISION 
746 In .... estors Building, Minneapolis 21 Minnesota 

CIJemila1s from 
Nature's Wondrous Warehouse 
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Geneva Conference 

Thermonuclear-power research pro­
vided most of the excitement at 
the Second International Confer­

ence of the United Nations on the Peace­
ful Uses of Atomic Energy, held in Gene­
va last month. As the meeting started, 
the U. S. and the United Kingdom an­
nounced that their programs were now 
to be completely declassified. Delegates 
from the U.S.S.R. freely described de­
velopments in their country. Workers in 
the field felt much the same exhilaration 
that pervaded the entire 1955 confer­
ence, when atomic-energy information 
first began to flow between the East and 
the West. 

As usual, when the bars were low­
ered, there were no real surprises. U. S., 
British and Soviet investigators found 
they had been working along much the 
same lines. The expensive duplication 
of effort, remarked Indian delegate Homi 
J. Bhabha, was "an indication of what 
secrecy has cost the world for no useful 
purpose." 

Chief news from the U.S.S.R. was 
the existence of a huge machine called 
Ogra which is used for research on con­
trolled thermonuclear reactions. Ogra 
consists of a pipe almost 66 feet long 
and 4J� feet in diameter, between the 
ends of which charged particles are re­
flected by magnetic "mirror " fields. Deu­
terium molecules injected into the pipe 
will presumably break up into a plasma 
of charged atoms by collision with other 
molecules. At the time of the meeting 
Ogra had just started working, and its 
opera tors had no results to report. Its 
principle of operation is similar to that 

SCIENCE AND 
of the so-called DCX device developed 
at Oak Ridge National Laboratory, ex­
cept that in the DCX the molecules are 
broken up by a newly discovered type 
of electric arc. Now an arc may be in­
stalled in Ogra. 

The question that has agitated pre­
vious conferences on fusion power­
whether the neutrons produced by this 
or that experiment came from true ther­
monuclear reactions-was old hat at Ge­
neva. U. S. and Soviet workers agreed 
that it is not important. The main prob­
lem is to contain a hot gas for a reason­
ably long time. Once this is accom­
plished, there is little doubt that it can 
be heated to fusion temperatures. A few 
authentic thermonuclear neutrons may 
have already been produced by a small 
mirror machine known as Scylla, built at 
the Los Alamos Scientific Laboratory. 
But in any case, the Geneva conferees 
agreed, useful fusion power is at least 
20 years away. 

The fission-power section of the con­
ference was much more a technological 
than a scientific meeting. No fundamen­
tally new ideas in reactor design turned 
up. Estimates of the eventual cost of fis­
sion power did not differ substantially 
from those given in 1955. Britain's Sir 
John Cockcroft, summarizing the oper­
ating experience reported at the meet­
ing, said nuclear power stations have 
proved "docile and well-behaved." The 
U.S.S.R. announced for the first time 
that it is now operating in Siberia the 
world's largest fission power-plant. It is 
a 100,000-kilowatt natural uranium re­
actor, graphite-moderated and water­
cooled. Eventually the Siberian station 
will have a capacity of 600,000 kilo­
watts, and it will supply the total power 
needs of a new city being built nearby. 
The second-largest installation discussed 
was Great Britain's 500,000-kilowatt 
plant at Hinkley Point, due to be com­
pleted in 1962. It is expected to be "just 
about competitive with the newest coal 
station in an area of high fuel costs." 

A previously undisclosed method for 
extending the life of reactor cores was 
reported by the U. S. The core is initial­
ly loaded with more enriched uranium 
than the design calls for. The excess 
reactivity is offset by mixing pieces of 
boron "poison" with the fuel. Boron is 
a strong absorber of neutrons. As boron 
nuclei capture neutrons in the course of 
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THE CITIZEN 
the reactor's operation, they are con­
velted to other elements which absorb 
neutrons only weakly. Thus as the fuel 
is depleted the poison disappears, and 
the reaction is maintained at an even 
rate. The reactor of the submarine Nau­
tilus contains a boron poison. 

�n basic physics the biggest news was 
the unscheduled last-minute announce­
ment that a long-sought reaction of fun­
damental particles had been observed 
for the first time. Gilberto Bernardini and 
a group of co-workers at the European 
Council for Nuclear Research (CERN) 
caught a few pi mesons, or pions, in the 
act of decaying directly into electrons. 
As far as theoretical physicists can as­
certain, this is exactly what a pion should 
do, and they can calculate approximately 
how long it should take to do it. In fact, 
however, most pions decay more quickly 
into mu mesons, or muons. Nevertheless, 
judging from the comparative probabili­
ties of the two reactions, about one pion 
in 10,000 should bypass the muon-decay 
and turn into an electron. Although 
physicists had looked for the reaction for 
many years, the CERN group was the 
first to find it. Their preliminary results 
indicate that the theoretical ratio of one 
in 10,000 is approximately correct. 

In another paper S. G. Thompson of 
the University of California reported 
that he and his colleagues had isolated 
the first visible and weighable sample 
of element 98 (californium). They man­
ufactured one milligram of the material 
by bombarding plutonium with neutrons 
from a nuclear reactor for six years. The 
californium nucleus breaks apart spon­
taneously, and will be useful in basic 
studies of nuclear fission. 

Beyond the I.C.Y. 

International scientific cooperation in 
Antarctica will continue for at least 

five more years under the Special Com­
mittee for Antarctic Research (SCAR) 
recently set up by the conference of In­
ternational Scientific Unions in Moscow. 
The committee is expected to include 
representatives of all 12 nations now 
engaged in Antarctic research. 

The five-year program will closely re­
semble the current International Geo­
physical Year studies now coming to an 
end, but will probably be on a more 
limited scale. The U. S., for example, is 

Stokes High Vacuum System simulates, 
high - altitude, hypersonic conditions 
One of the many major problems being investigated by 

the Lewis Flight Propulsion Laboratory of the National 

Advisory Committee for Aeronautics, Cleveland, Ohio, 

is the study and analysis of high-altitude instrumentation, 

and the interpretation of instrument data into pertinent 

aerodynamic information. 

A Stokes High Vacuum Pumping System was selected 

for this research. A bank of 5 Stokes 16/1 ring-jet booster 

pumps reduce the pressure as low as 0.03 microns. The 

maximum flow rate for air is about 44,000 cubic feet per 

minute at a pressure of about 3 microns. This permits 

simulation of altitudes on the order of 75 miles and can 

produce velocities at 8 times the speed of sound. 

This NACA installation is another example of how Stokes' 

advanced vacuum technology can be applied to a variety 

of problems encountered in our modern, high-speed age. 

The Stokes Engineering Advisory Service can help you in 

planning a system that will dependably serve even your 

most unique vacuum requirements. Call or write-today. 

Vacuum Equipment Division 
F. J. STOKE S CORPORAT IO N  

5 5 0 0  Tabor Road , Philadelphia 20, Pa. 
STOKES 
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• I 
opportunIty 

for 
advanced 

study 

at 
los( 

I \ 
LOS ALAMOS. NEW MEXICO 

Laboratory employees may meet in full the requirements 

for the master's degree in the physical sciences, engi­

neering, and mathematics through evening classes offered 

by the University of New Mexico's Los Alamos Graduate 

Center. For the B. S. and Ph. D. degrees, some campus 

residence is required, but credit is given for course work 

taken at Los Alamos. 

Los Alamos Scientific Laboratory has openings 

for qualified persons in virtually all the scien­

tific and engineering fields related to nuclear 

research. For employment information write to: 

Personnel Director 
Division 58-20 
P. O. Box 1663 
Los Alamos, New Mexico 

closing down three of its six Antarctic 
research stations while activating only 
one new one. One of these four stations 
is operated with New Zealand. 

The most ambitious Antarctic pro­
gram so far announced is that of the 
U.S.S.R. Soviet scientists will try again 
to reach the Pole of Inaccessibility (the 
geographic center of the Antarctic con­
tinent), in the hope of setting up a base 
there. They will also attempt to reach 
the South Pole from their base at the 
geomagnetic pole. From the South Pole 
they plan to continue on to a little-ex­
plored part of the coast via the Pole of 
Inaccessibility. During the 2,800-mile 
journey they hope to make observations 
which will settle the question of whether 
Antarctica is a continent or an ice-buried 
archipelago. The Russians will live and 
travel in three huge tracked vans. For 
reconnoitering they will use a "penguin," 
a small tracked vehicle resembling the 
American "weasel." 

DNA 

A substance that looks and acts like 
deoxyribonucleic acid (DNA), the 

material which stores and transmits ge­
netic information, has for the first time 
been totally synthesized outside a living 
cell. Aaron Bendich and Herbert Rosen­
kranz of the Sloan-Kettering Institute, 
together with S. M. Beiser of Columbia 
University, have extracted it from a mix­
ture of nucleotides, the molecular units 
from which DNA is made. 

The biochemists suspected that nu­
cleotides continually combine into giant 
DNA molecules, but that these imme­
diately break up again. They undertook 
to trap the DNA as soon as it was 
formed. To do this they shook up a so­
lution of nucleotides and cellulose mate­
rial called ECTEOLA, which was known 
to have a strong affinity for DNA. From 
the cellulose they were then able to wash 
out a substance which has all the chemi­
cal properties of DNA. Furthermore it is 
taken up by living bacteria, just as nor­
mal DNA is. 

DNA has been made in a test tube 
before, but only with some natural ma­
terial as a primer, and with the help of 
enzymes taken from living organisms. 
The new synthesis was described by 
Rosenkranz at last month's International 
Congress of Biochemistry in Vienna. 

In another recent experiment some 
doubt was thrown on current theories as 
to how DNA duplicates itself in living 
cells. According to the well-known mod­
el of J. D. Watson and F. H. C. Crick, 
the DNA molecule consists of two com­
plementary strands. When a cell dupli-
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N E W E s T 

If your research investigations require rota' 
tion of a precise magnetic field about the 
sam'ple under observation, there is now a 
choice of two Varian laboratory magnets with 
this capability. A new rotating 6·inch magnet, 
the V'4007-1, provides a lower-cost alterna­
tive to the rotating 12-inch magnet now in 
world·wide use. The new V·4007-1 is mounted 
on ball bearings and turns 200· about the 
vertical axis. Its field is painstakingly 
aligned by special NMR techniques in the 
specified air gap. 

Varian's standard V·4007 fixed·azimuth 6-
inch magnet remains in production. It offers 
continuously adjustable yoke angle, an 
easily changed air gap, and a somewhat 
lower cost than the rotating system. Magnetic 
performance of both 6-inch magnets is essen­
tially the same. In rotating magnets, choice 
between Varian's 6·inch and 12-inch models 
is determined by volume, strength and homo­
geneity of field that your applications require. 

Features 
of the Varian V-4007,1 6-inch rotating magnet 
• Rotation of 200' about vertical axis; preCisely calibrated 

scale. 
• Yoke fixed at 45' angle. 
• Fixed poles, air gap adjustable by changing pole caps; 

standard-cylindrical, ring-shim·cylindrical and tapered 
pole caps available on customer choice. 

• Maximum air gap: 
4 inches (pole caps of minimum thickness); 
6 inches (pole caps removed) 

Write for specifications on the new Varian v· 4007 - 1 
rotating 6·inch magnet and literature on all models. 

j -Y:*�=I:AiNi a 

F R o M V A R A N 

A 
ROTATING 

6·INCH 
LABORATORY 

MAGNET 

V-4007 
ELECTROMAGNET 

RING SHIM POLE CAPS 

X 

2.75" AIR GAP 
4600 GAUSS 

• Typical full-scale homogeneity plots in median plane of 
air gap. 

PALO ALTO 7. CALIFORNIA 
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METALLURGISTS 

WESTINGHOUSE COMMERCIAL 
ATOMIC POWER COMES OF AGE 

Where would you work on an atomic power reactor? 

Development & selection of 
new reactor materials: 
1. Metal joining & fabrication 

in exotic materials 
2. Control rods 
3. Fuel element 

CONTROL ROD DRIVE 

MECHANISM 

LATCHING 

DEVICE 

DEVICE 

CONTROL RODS 

FUEL ELEMENTS 

THERMAL SHIELD 

THERMAL 

SHIELD 

SUPPORT 

This diagram shows the main 
parts of a pressurized water 
atomic power reactor, one of 
many types being designed at 
Westinghouse Atomic Power 
Department ... and just what 
work would be done by you 
in the commercial atomic 
power industry. There are 
many overall studies on which 
you may work, as well as speci­
fic studies. 

5 Commercial Atomic 
Power Programs 
Now Under Way 
1. A 1 5 0-megawatt homogene­

ous reactor for Pennsyl­
vania Power & Light Co. 

2. The first industry-owned 
testing reactor for nuclear­
materials study (Owned by 
Westinghouse) . 

3. A 134-megawatt reactor for 
Yankee Atomic Electric Co. 

4. A 134-megawatt atomic 
plant for E dis on-Vo lta, 
Italy. 

5. An n.5-megawatt pressur­
iz e d  w a t e r  re a c t o r  f o r  
Belgium. 

Also research, analysis, and 
development of advanced re­
actor types ... and more pro­
grams, national and interna­
tional, are coming in. 

Immediate openings in the 
Pittsburgh area for: Metal­

lurgists. Physicists. Ceramists. 
Mechanical Engineers. Chem­

ists. Chemical Engineers. 
Nuclear Engineers. Instru­

mentation & Control Engi­
neers. A t omic exp erie n c e  
desirable but not necessary 
. . . we're not dependent on 
government subsidy . . .  op­
portunities for advanced study 
on company fellowships. 

Send your resume to: C. S. 
So u t h a r d, W e s tin g h o u s e  
Atomic Power Department, 
Box 35 5, Dept. C-5, Pitts­

burgh 30, Pa. 

\Vestinghouse 
FIRST IN ATOMIC POWER 
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cates, the strands are thought to sepa­
rate, each one acting as a template on 
which a new complementary strand is 
built. One of the strongest confirmations 
of this idea was the fact that chromo­
somes, in which DNA resides, them­
selves seemed to split into complemen­
tary halves when a cell duplicates [see 
"The Duplication of Chromosomes, "  by 
J. Herbert Taylor; SCIENTIFIC AMERI­
�AN, June, 1958]. When a chromosome 
labeled with radioactive tracer was al­
lowed to duplicate in a medium contain­
ing no radioactive material, its daughters 
were composed of two strands, one la­
beled and one unlabeled. 

Now two British investigators report 
in Nature that this division of radioactive 
material was apparently caused by col­
chicine, a chemical used in the earlier 
experiment to prevent cells from divid­
ing after their chromosomes had dupli­
cated. L. F. La Cour and C. R. Pelc 
repeated the experiment without colchi­
cine and found that radioactivity was 
distributed between both parts of each 
daughter chromosome even though no 
free tracer material was available at the 
time of duplication. 

Coronary Disease and Diet 

T he theory that coronary disease is 
associated with fatty foods has once 

again been questioned. One of the orig­
inal sources of the theory was the belief 
that coronary disease is uncommon 
among undernourished populations in 
Asia and elsewhere. Two Indian physi­
cians have now challenged this idea. 
Coronary disease, they believe, is not un­
common in India despite the fact that 
even well-fed Indians consume consid­
erably less fat than most Westernel:s. 

Writing in British Medical Journal, 
R. P. Malhotra and N. S. Pathania of 
the Victoria Jubilee Memorial Hospital 
in Amritsar concede that the true inci­
dence of coronary disease in India is im­
possible to determine from that country's 
present fragmentary vital statistics. The 
proportion of coronary patients to other 
cardiac cases, however, is not signifi­
cantly less than in more prosperous 
countries, and the distribution of coro­
nary patients by age, profession and 
body type is much the same as in the 
West. In India, as in Western countries, 
coronary disease is often associated with 
diabetes and hypertension. Vegetarians 
seemed no less prone to the disease than 
meat-eaters. 

Malhotra and Pathania also reject 
smoking as a cause of coronary disease. 
They found the same proportion of coro­
nary cases among Sikhs, who do not 
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Again, it's Du Mont with the biggest news first .. . Through advanced 
production techniques, plus new quality control concepts, Du Mont now 
guarantees a minimum of SO Ala/lumen cathode luminous sensitivity in 
these standard multiplier phototubes at no extra cost. This 2S% 
increase in sensitivity results in a higher signal-ta-noise ratio 
in the overall system. Design with the best -design with Du Mont Multiplier Phototubes -they give you more to start with . . • 

Write for complete technical detail •• 

laMONT? Precise ..  TOELE:':::��:�364 
INDUSTRiAl TUBES SAlES • ALI.EI I. lit M8fI1' • 750 Bloomfield Ave., ClIIItoo. N. 
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make your ideas 
and facts 

understood immediately 
with a new 

Overhead Projector 

If it can't be seen, 
but must ... 
call in Kollmorgen 

Kollmorgen optical-mechanical viewing systems have 
been bridging the gap between the eye and the 
"invisible" for almost fifty years. Kollmorgen instru­
ments range in size from small borescopes to sub­
marine periscopes; range in type from nuclear and 
missile periscopes through precision camera lenses 
and ·alignment telescopes, to a variety of optical 
testing and measuring devices; range in quantity 
from one of a kind to production runs of thousands. 

So, if you have a gap to bridge, let us know its 
nature ... is it water, heat, darkness, radioactivity 
or simply inaccessibility? We may well have the 
answer in our files. If not, we will endeavor to pro­
vide one quickly. A rough sketch of your problem 
will be enough to get us started. Write Dept. 19N. 

OLL:M:ORGEN 
optical corporation 

NORTHAMPTON, MASS. 

You Get Things Done With 
BoarJmaster Visual Control 

* Gives Graphic Picture of Your Operations­
Spotlighted by Color 

* Facts at a glance - Saves Time, Saves 
Money, Prevents Errors 

* Simple to operate - Type or Write on 

Cards, Snap in Grooves 

In a research meeting, a business conference, 
in any group discussion, be sure to get your 
point across- fast. The VU·GRAPH enables you 
to show the facts clearly on a screen, in a fully 
lighted room. You FACE your audience as you 
make your presentation I VU·GRAPH projects easily 
made transparencies, slides, charts, models, 
stenCils, even your own writing-AS YOU WRITE! 
Ask for the Free brochure: "Get your Point 
Across - Fast!" 

'* Ideal for Production, Traffic, Inventory, 
Scheduling, Sales, Etc. 

* Made of Metal. Compact and Attractive. 
Over 300,000 in Use 

Complete price $4950 including cards 

I F R EEl 24-PAGE BOOKLET NO. C-200 
Without Obligation , 

, CHARL.ES c:lj'&4e&COMPANY l EAST ORANGE�NEW JERSEY 

Write for Your Copy Today 
GRAPHIC SYSTEMS 
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smoke for religiOUS reasons, as among 
Hindus, who have no such taboo. They 
also note that the ratio of female to male 
cases is about the same as that in the 
West, even though Indian women are 
mostly vegetarians and almost never 
smoke or drink. 

"We find it difficult to believe," the 
authors conclude, "that dietary fat can 
play any significant part in the causation 
of coronary disease." Much more impor­
tant, they believe, are genetic factors. 
They note that in certain small and in­
bred Hindu castes coronary disease, hy­
pertension or diabetes frequently runs in 
families. 

The Architecture of Antibodies 

When molecules of a foreign protein 
are introduced into the body by in­

fection or some other process, they are 
normally neutralized by molecules of 
gamma globulin ("antibodies") which 
are specifically adapted to combine with 
them. What is the architecture of the 
gamma globulin molecule which under­
lies this adaptability? R. R. Porter of the 
Britain's National Institute for Medical 
Research finds that the gamma globulin 
molecule consists of three parts, two of 
which are changeable and one is not. 

Porter, who described his work in Na­
ture, first injected rabbits with human 
blood-serum (a mixture of proteins) and 
egg albumin. He then separated gamma 
globulin from the blood of the rabbits 
and treated it with an enzyme which 
partly decomposed its molecules. When 
he separated the decomposed material 
by chromotography, he found that it 
consisted of three fractions. Two of the 
fractions retained enough activity to 
combine with human serum proteins and 
egg albumin. The third fraction did not 
combine with the foreign proteins, but 
formed thin diamond-shaped crystals. 
Since it did not combine, and since only 
homogeneous substances can crystallize, 
it appeared that the third fraction had 
not been changed in the process which 
adapted the other two to the foreign pro­
teins. This suggests that the gamma 
globulin consists of a core or backbone 
which remains the same, and of two 
other parts which change their configu­
ration to fit foreign molecules. 

Heat into Electricity 

T hermoelectricity (electrical energy 
generated directly from heat) has 

recently become an active field of re­
search in many parts of the world [see 

page 31]. It offers a cheap and reliable, 
if somewhat inefficient, method for pro-
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MISSILE COMPONENTS Bulova safety and arming systems protect 
ground, air and sea crews from load to launch, then take over in flight. 
Safety factor of one in a million is specified and reliably delivered by 
Bulova's precision production facilities. Powder-driven gyros and fuzing 
systems are among other Bulova developments for IS key missiles. 

AIRCRAFT INSTRUMENTS Bulova's new Servo Altimeter assures maxi­
mum reliability through unprecedented sensitivity, accuracy and repeat· 
ability. At 40,000 feet, it detects 4·foot changes . • .  is correct to 40 feet. 
Safety is improved in traffic control and flight over difficult terrain. As a 
control instrument, it is readily adaptable to guided missiles. 

Bulova reliability helps to solve 
today's most challenging problems 

For more than 80 years, Bulova has charted 
new courses in the area of reliability. 

Milestones along the way are the electronic 
and electro-mechanical devices created by 
the Bulova capability-the uncommon blend 
of pioneering vision and precision produc­
tion experience. 

These Bulova developments, distinguished 

BULOVA RESEARCH AND 

INFRA·RED COMPONENTS Bulova infra·red cells are designed to unerr· 
ingly guide Sidewinders to target. Bulova·improved production processes 
increase yield and product reliability. Other infra·red developments 
include filters, reticles and thermistor bolometers, as well as advanced 
research in mosaic and lead selenide cells. 

by their advanced design and consistent 
high performance, help our nation's defense 
and industry stake solid claims on the fron­
tiers of science and space. 

The high degree of Bulova reliability pre­
vails from concept to mass production. For 
assistance with your systems and compo­
nents problems, write: Department G.I.S, 3, 
Bulova Park, Jackson Heights, New York. 

c o mp a ny 
EVELOPMENT LABORATORIES, INC. 

PHOTOGRAPHIC SYSTEMS Bulova's new high performance 70mm 
reeon-camera features 8 frame/sec. and pulse operation ... vi"bration·free 
exposures to 1/4000 sec. From the smallest 16mm gun camera ever 
built to units of 9x1S" format size, Bulova developments include optical. 
data recording and instrumentation, and special sequence cameras. 
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ENGINEERS AND PHYSICISTS 
needed at MARTIN 

If you're an experienced man looking for an exciting career oppor­
tunity, check the immediate openings which are listed below. 

Top jobs for top men are available in both engineering and super­
visory capacities. We need high caliber men for creative and respon- • 
sible work, and we'll pay top salaries to those who qualify. 

ELECTRONIC ENGINEERS Circuit Design . Systems . Inertial Guid-
ance . Countermeasures Digital Computers . Test 
Equipment Design 

NUCLEAR ENGINEERS Heat Transfer-Fluid Flow Analysis . Reactor 
Test & Evaluation . Controls Analysis & Instrumentation 
. Power Plant Systems Analysis . Systems Optimization 

PHYSICISTS Magneto-Fluid Dynamics . Ionized Fluid & Plasma 
Physics· Shock & Detonation Wave Phenomena· Rarefied 
Gas Phenomena . Upper Atmosphere Phenomena 

WRITE TODAY TO: William Spangler, Manager-Professional Employment 

Department SA-n, The Martin Company 

Baltimore 3, Maryland 

MARTIN 
BALTIMORE 

The 
Complete Catalog 

LAFAYETTE ITEMS NOT IN 
ANY OTHER CATALOG OR 
AVAILABLE FROM ANY 
OTHER SOURCE-
SEND FOR YOUR COpy NOWI 

See the newest lind finest i� 

Stereo Tuners. Amp.lifiers. 

CartridtH o1nd Music Srs',,"s 

Featuring The 
Best Values 

• TA'E .£COIDlH • PUIUC ADlMt(S� 
SYSnMS • AMAlIUI (QUIP. EMf 
• INDUSTIttAl SU"UE$ • RlDtO & TV 
TUIES AMD 'AIITS • IJIIISTlUMEJtn 
• TELESCO'ES. ""OCUlARS, MICRO· 

Obtainable 

LEADERS 
IN HI-FI 
OUR 

38th 
YEAR 

--

SCOPES & CAMEOS 

The most complete electronic supply 
catalog crammed full of everything 
electronic at our customary down-to­
earth money-saving prices. 
The largest selection of hi-fi com­
ponents and systems; greatest savings 
on Lafayette endorsed "best-buy" 
complete systems. 

EASY PAY TERMS AVAILABLE -
100/0 DOWN - UP TO 11 MONTHS TO PAY 

r----- - - - - - ..,  � �'-.J.... P.o. Bo. SI1 I � 'etie UU«I JAMAICA 31. N. Y. I DEPT.SAK 
I 0 Send FREE LAFAYETTE Catalog 590 I 
I I 
I Name I 
I Address ............... . . .... . ..... I 
L City ... = .. :::::: .. = .. = .. �one ... �tate .. = .. = .. .J 
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Now available-instrument calibration 

service performed in temperature and 

humidity controlled areas by experienced 

personnel especially trained in the accu­

rate and efficient handling of calibration 

problems. Our calibration standards are 

certified periodically by the Bureau of 

Standards. Instrument calibration record 

service is available where required by 

military quality control procedures. Cer­
tified calibration cards are provided. 

INLAND TESTING LABORATORIES 
COOK TECHNOLOGICAL CENTER 

6401 OAKTON' STREET, MORTON GROVE, ILl. 

1482 STANLEY AVENUE, DAYTON, OHIO 

ducing small amounts of electric power. 
Last month the Westinghouse Research 
Laboratories demonstrated a new class 
of materials which are expected to in­
crease the efficiency of thermoelectric 
generators considerably. 

All substances used previously in ther­
moelectric devices have been metals or 
semiconductors. Westinghouse engineers 
have found that certain ceramics which 
are insulators at room temperature have 
thermoelectric properties at higher tem­
peratures. These materials are com­
pounds of "transition " metals like iron 
and nickel, in which some of the metal 
atoms have a higher valence (lack more 
electrons) than others. 

Every thermoelectric circuit consists 
of a pair of unlike materials joined at two 
places, with one of the junctions held at 
a higher temperature than the other. At 
sufficiently high temperatures "mixed 
valence " ceramics will release electrons 
or "holes " (sites vacated by electrons) at 
the hot junction, which then flow to the 
cold junction. Ceramics have two prop­
erties that make for high efficiency in 
thermoelectric circuits. They can with­
stand high temperatures, so that a large 
temperature difference can be main­
tained between the hot and cold junc­
tions. They are poor conductors of heat, 
and so they minimize the loss of energy 
which occurs when heat itself flows from 
the hot to the cold junction. 

Another type of heat-to-electricity 
converter has been developed at the 
Massachusetts Institute of Technology. 
Called a "thermo electron engine," it op­
erates in much the same way as a vac­
uum tube. Electrons are boiled out of a 
hot cathode and travel to a nearby plate 
which has a higher negative charge than 
the cathode itself. The energy to over­
come the repulsive charge on the col­
lecting plate is supplied by the heating 
of the cathode. Once they arrive at the 
plate, the electrons return to the cathode 
through an external circuit, delivering 
electric power. Early models of the ma­
chine have achieved efficiencies of better 
than 10 per cent, and the M.LT. group 
expects that this figure can be improved. 

Resurgent Lysenkoism? 

T he school of Soviet genetics headed 
by Trofim D. Lysenko seems to have 

acquired a new lease on life. It had been 
expected that a number of non-Lysenko­
ist geneticists would represent the 
U.S.S.R. at the recent International Con­
gress of Genetics in Montreal, but none 
of them arrived. Their absence, and the 
last-minute submission of several addi­
tional papers, gave the Soviet contribu-
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ON THE MARK ... WITH BEARINGS FOR MISSILES 
The fantastic speeds of modern missiles call for vir­
tually instantaneous response of systems for power 
generation, actuation and control. 

This means friction must be reduced to a minimum 
within stringent limits of weight and space. Torrington 
has brought Needle Bearings to the mark of capacity, 
efficiency, precision and reliability that has won them 

a place in operational missiles today. Torrington has 
developed many types for highly specialized aircraft 
and missile applications. 

Advances in propulsion and missile control bear­
ings are another example of Torrington's continuing 
research to improve bearings in design, material and 
performance. 

THE TORRINGTON COMPANY 
Torrington, Conn . •  South Bend 21, Ind. 

RESEARCH FOR PROGRESS IN BEARING DESIGN AND PERFORMANCE 

6 1  

© 1958 SCIENTIFIC AMERICAN, INC



62 

Progress continues by design 
'VV"hen you choose a. ca.reer in 

RCA POV'VER 

TUBE ENGINEERING 

Power tubes with lO,OOO-hour-plus life dramatically symbolize 
RCA Tube Engineering progress . . . and even more critical 
industrial applications now projected make imperative the need 
for continued advances. Your future in RCA tube design, 
development and application holds all the promise of an exciting 
tomorrow in electronics! 

Electrical Engineers-For Design, Development, and Applica­
tion of electron tubes. Special emphasis on circuitry and tubo 
fabrication processes. B.S., M.S. or Ph.D. degree. 

Physicists-Specialists in fields of solid-state (high-temperature 
phenomena, photosensitive materials, glass technology) , instru­
mental analysis, radioactive tracing techniques and electron 
optics. B.S., M.S. or Ph.D. degree. 

Lancaster's Great to Live In-A college town of medium size, 
alert and growing . . .  Lancaster has unique cultural advantages, 
in addition to its location two hours from Philadelphia. You'll 
find real satisfaction in the professional atmosphere of RCA's 
modem plant. Planned advancement, liberal benefits, tuition 
refunds for advanced study, too. RCA pays interview and relo­
cation expenses. 

To arrange confidential interview, contact: Mr. E. F. Stevens, 
Manager, Employment, Radio Corporation of America. 
New Holland Pike, Lancaster, Penna., Attention Dept. G-13L. 
Or phone: EXpress 3-3661. 

----------------------------------------------------------------

Tomorrow is here today 
at RCA .. "ADIO CO"PO"UION of AM.",CA 

� a.:  ELECTRON TUBE DIVISION PLANT 

� � LANCASTER, PA. 

tion to the meeting a distinctly Lysenko­
ist flavor. The Congress adopted a reso­
lution criticizing political interference 
with science, and calling on all govern­
ments to permit their scientists to travel 
freely for scientific purposes. 

The resolution condemned "any at­
tempts on the part of governments to in­
terfere on political, ideological or other 
grounds with the free pursuit of science 
and free dissemination of scientific infor­
mation." Expressing "deep concern " at 
the absence of several Soviet geneticists 
who had sent abstracts of their papers, 
it urged the rights of free travel for sci­
entists "regardless of ... past or present 
political associations and . . . irrespec­
tive of whether their scientific views and 
work are in conformity with ... govern­
mentally shaped policies and ideology." 

Ap Plus Ap Equals Bru 

A system of names for binary numbers 
has been proposed by Joshua Stern 

of the National Bureau of Standards. 
Such a system, he believes, will not only 
permit binary numbers to be expressed 
in words but will encourage people to 
visualize magnitudes in binary notation 
directly without converting them into 
decimal numbers. 

The binary system-widely used in 
computers, data-processing systems and 
similar devices-is based on powers of 
two instead of the powers of .10 which 
make up decimal numbers. Thus binary 
110 equals decimal 6 (22 plus 21). The 
binary system uses only two digits, usu­
ally designated 1 and O. 

Writing in Science, Stern proposes an 
alphabetical system in which binary 10 
(decimal 2) is called "ap," binary 100 
(decimal 4) is "bru," binary 1000 is 
"cid," binary 1,0000 is "dag " and binary 
1,0000,0000 is "hi." The binary digits 1 
and 0 are still "one " and "zero. " Inter­
mediate numbers are expressed by com­
pounding these terms. Thus 1,0010,1001 
(decimal 297) is hiapdagcidone; 101,-
01ll (decimal 87) is bruonedagbrua­
pone. The simplest rule of binary arith­
metic, 1 and 1 are 10, is expressed "one 
and one are ap." 

Stern notes that decimal numbers re­
quire 12 terms (zero, one, two, three, 
four, five, six, seven, eight, nine, ten, 
hundred) to express numbers up to 999, 
while binary nomenclature uses only 
bruapone terms (zero, one, ap, bru, cid, 
dag, hi), bruone of which are new words, 
to express numbers up to llll, llll,­
llll (decimal 4,095) . He hopes that 
use of his system will encourage people 
to "think binary." 
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AD R IS OPENED • • •  

fTO NEW ADVANCES IN FLUORINE CHEMISTRY 
I 

Take fluorine (the most reactive non­

metal), combine it with almost any ele­

ment, and the resulting fluorides can 

range from extremely reactive com­

pounds to unusually inert ones. The 

fluorides are chemical paradoxes in 

other ways, too. In a sense, they are 

"old" and familiar (hydrofluoric acid 

and the sodium fluorides, for examples). 

They are also "new"-so new, in fact, 

that their most important contributions 

are yet to be realized (so our research 

people say). 

Let's take a look at some recent 

fluorine developments. 

Fluorine transportation. Before you can 
use it, you usually have to carry it. How 

does one transport tonnage quantities 
of highly reactive elemental fluorine 

("the chemical outlaw")? Our research 

people did the original work in taming 
fluorine so that it could be handled in 
bulk as a liquid instead of in small 
amounts as a gas. Engineers at our 
GENERAL CHEMICAL DIVISION came up 

with ingenious insulator tank trucks 
which are essentially giant thermos bot­
tles. Liquid nitrogen is used in a triple­
tank system to cool the fluorine below 

its boiling point, keeping it in liquid­

and readily transportable-form. 

Fluorides Cor plastics . A typical para­
dox: from explosively reactive fluorine, 

highly stable fluorocarbons like Gene­

Iron plastics. For example. Genetron 

H L, a high-molecular-weight polymer 

of trifluorochloroethylene, is impervi­

ous to inorganic acids, alkalis, oxidizing 

agents and most organic compounds, 

and retains useful properties from 320· 
below to 390· above zero F. Extruded 

as a film, it offers high moisture and 

gas impermeability, and transparency. 

It is better than laminates for many 

applications. Uses? Electrical equip­

ment, electronic components, piping 

and tubing ... to name a few. 

Fluorides for the rocket program. Some 
of the most powerful oxidizers are fluo­

rine and the halogen fluorides (chlorine 

trifluoride and bromine pentafluoride). 

They are playing key roles in a number 

of liquid propel1ant rocket systems now 

under evaluation. Objective: to develop 

power plants with maximum thrust. 

Fluorides for atomic energy. One of the 

most important fluorides is volatile 

uranium hexafluoride, the vital atomic 

raw material which is separated by gas­

eous diffusion into U235F6 and the 

slightly heavier U238F6. Until recently, 

refined UF6 has been made only in 

government-owned plants. Now, the 

Atomic Energy Commission has se­

lected our GENERAL CHEMICAL DIVI­
SION to produce UF6 in privately owned 
and operated facilities. Allied is the 

first company to do this. A new process 

BASIC TO AMERICA'S PROGRESS 

developed by General Chemical re­
search is to be used. 

Fluorine chemical applications are 

legion, as witness the fact that our 
GENERAL CHEMICAL people produce 

more than 100 different compounds 

(more than anyone else, by the way). 
You may be familiar with some fluorine 

applications, like sulfur hexafluoride as 

an inert dielectric gas for electronic and 

X-ray equipment (when we introduced 

sulfur hexafluoride commercially, it 

was the first chemical produced from 

elemental fluorine to be offered to in­

dustry) ... or boron trifluoride, a ver­

satile and efficient catalyst which has 

solved many problems in organic syn­

thesis. Metal fluoborates for printed 
circuits (or for alloy plating, and plat­

ing of plastics and wire, for that matter). 

Fluorides for water fluoridation, a well­
known contribution to dental care for 

children. And possibly the best-known 

and most successful, the family of safe, 
stable fluorocarbon gases (we call ours 
Genetrolls), which serve as propellants 

in today's aerosol "push-button" spray 

products and as refrigerants in almosl 
all modern air-conditioning and refrig· 

eration equipment. 

IF YOU WOULD LIKE INFORMATION 

or literature on any of these fluoride de­

velopments, just write us on your com­

pany lellerhead. Or perhaps we might 

"custom-make" a compound that would 

"open a door" profitably for you. Ad­

dress: Allied Chemical, Dept. 118S, 61 
Broadway, New York 6, New York. 

Genetroll is an Allied Chemical trademark. 

© 1958 SCIENTIFIC AMERICAN, INC



From set-up to scrub-up 

The registered trademark KXMAX for shock-resistant laboratory 
glassware is a direct reminder of the Kimble name and tradition of 
craftsmanship. In graduated ware, where standards of precision are 
the most severe of all, the Kimble reputation is unexcelled. 

Kimax is available through dealers in the United States, 
Canada and principal foreign cities. 
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there's bui lt- in  strength in  KI MAX® 
'·"· 1 

KIMAX glassware is built to resist the severe shocks 
encountered in every-day laboratory use. It is made 

of "hard" borosilicate glass which provides excellent 

durability through an exact balance of its chemical 

and physical properties.  

In both graduated and ungraduated apparatus, 

KIMAX has outstanding thermal shock resistance, 

mechanical strength and chemical durability. It brings 

you the durability, the accuracy, the quality you would 

expect from the Kimble Glass Company. 

Kimble Glass Company, the most complete source of 

laboratory glassware, is a subsidiary of Owens-Illinois. 

KIMBLE LAB O RATORY CLAS SWARE 

AN <D P R O D U C T  

O WE N S -ILLIN O I S  
G E N E RAL O F F I C E S · TOLE D O  1 .  OHI O 

© 1958 SCIENTIFIC AMERICAN, INC



© 1958 SCIENTIFIC AMERICAN, INC



THE CONTRACTION OF MUSCLE 

I--Iow does muscle turn chemical energy into mechanical 'work? Though 

the question still cannot be ansV\rered, recent studies have revealed 

significant details in the IntImate structure of the muscle machine 

�asic characteristic of all animals 
is their ability to move in a pur­
poseful fashion. Animals move by 

contracting their muscles (or some prim­
itive version of them) , so muscle con­
traction is one of the key processes of 
animal life. Muscle contraction has been 
intensively studied by a host of investi­
gators, and their labors have yielded 
much valuable information. We still, 
however, cannot answer the funda­
mental question: How does the molec­
ular machinery of muscle convert the 
chemical energy stored by metabolism 
into mechanical work? Recent studies, 
notably those utilizing the great magnifi­
cations of the electron microscope, have 
nonetheless enabled us to begin to re­
late the behavior of muscle to events at 
the molecular level. At the very least we 
are now in a position to ask the right 
sort of question about the detailed 
molecular processes which remain un­
known. 

Muscles are usually classified as 
"striated" or "smooth," depending on 
how they look under the ordinary light 
microscope. The classification has a good 
deal of functional significance. The mus­
cles which vertebrates such as mice or 
men use to move their bodies or limbs-

FILAMENTS in an insect flight-muscle are 

seen from the end in the electron micro­

graph on the opposite page. Thick filaments 

(larger spots) and thin filaments (smaller 
spots) lie beside one another in a remark­

ably regntar hexagonal array. Some of the 

thick filaments appear to be hollow. This 

electron micrograph, which enlarges the fil­

aments some 400,000 diameters, was made by 

Jean Hanson of the Medical Research Coun­
cil Unit at Kings College and the author. 

by H. E. Huxley 

muscles which act quickly and under 
voluntary control-are crossed by micro­
scopic striations. The muscles of the gut 
or uterus or capillaries-muscles which 
act slowly and involuntarily-have no 
striations; they are "smooth." In this arti­
cle I shall discuss only striated muscles, 
because our knowledge of them is in 
a much more advanced state. I shall be 
surprised, however, if nothing I say is 
relevant to smooth muscles. 

Striated muscles are made up of mus­
cle fibers, each of which has a diameter 
of between 10 and 100 microns (a mi­
cron is a thousandth of a millimeter) . 
The fibers may run the whole length of 
the muscle and join with the tendons 
at its ends. About 20 per cent of the 
weight of a muscle fiber is represented 
by protein; the rest is water, plus a small 
amount of salts and of substances uti­
lized in metabolism. Around each fiber 
is an electrically polarized membrane, 
the inside of which is about a lOth of a 
volt negative with respect to the outside. 

If the membrane is temporarily de­
polarized, the muscle fiber contracts; it 
is by this means that the activity of mus­
cles is controlled by the nervous system. 
An impulse traveling down a motor 
nerve is transmitted to the muscle mem­
brane at the motor "end-plate"; then a 
wave of depolarization (the "action po­
tential") sweeps down the muscle fiber 
and in some unknown way causes a sin­
gle twitch. Even when a frog muscle is 
cooled to the freezing point of water, 
the depolarization of the muscle mem­
brane throws the whole fiber into action 
within 40 thousandths of a second. 
When nerve impulses arrive on the mo­
tor nerve in rapid succession, the 
twitches run together and the muscle 
maintains its contraction as long as the 
stimulation continues (or the muscle be­
comes exhausted) . When the nerve stim-

ulation stops, the muscle automatically 
relaxes. 

The Energy Budget of Muscle 

Striated muscles can shorten at speeds 
up to 10 times their length in a second, 
though of course the amount of shorten­
ing is restricted by the way in which the 
animal is put together. Such muscles can 
exert a tension of about three kilograms 
for each square centimeter of their cross 
section-some 42 pounds per square 
inch. They exert maximum tension when 
held at constant length, so that the speed 
of shortening is zero. Even though a 
muscle in this state does no external 
work, it needs energy to maintain its 
contraction; and since the energy can 
do no work, it must be dissipated as heat. 
This so-called "maintenance heat" 
slightly warms the muscle. 

When the muscle shortens, it exerts 
less tension; the tension decreases as the 
speed of shortening increases. One might 
suspect that the decrease of tension is 
due to the internal viscosity or friction 
in the muscle, but it is not. If it were, 
a muscle shortening rapidly would liber­
ate more heat than one shortening slow­
ly over the same distance, and this effect 
is not observed. 

The energy budget of muscle has been 
investigated in great detail, particularly 
by A. V. Hill of England and his col­
leagues. Studies of this kind have shown 
that a shortening muscle does liberate 
extra heat, but in proportion to the dis­
tance of shortening rather than to the 
speed. Curiously this "shortening heat" 
is independent of the load on the muscle: 
a muscle produces no more-and no less 
-shortening heat when it lifts a large 
load than when it lifts a small one 
through the same distance. 

But a muscle lifting a large load ob-
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STRIATED MUSCLE IS DISSECTED in these schematic drawings. A muscle (A) is made 

up of muscle fibers (B) which appear striated in the light microscope. The small branching 

structures at the surface of the fibers are the "end.plates" of motor nerves, which signal the 

fibers to contract. A single muscle fiber (C) is made up of myofibrils, beside which lie cell 
nuclei and mitochondria. In a single myofibril (D) the striations are resolved into a repeat· 

ing pattern of light and dark bands. A single unit of this pattern (E) consists of a "Z·line," 

then an "I.band," then an "A·band" which is interrupted by an "H.zone," then the next 

I·band and finally the next Z·line. Electron micrographs ( see opposite page) have shown 

lhat the repeating band paltern is dne to the overlapping of thick and thin filaments (F). 
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viously does more work than a muscle 
lifting a small load, so if the shortening 
heat remains constant, the total energy 
(heat plus work) expended by the con­
tracting muscle must increase with the 
load. The chemical reactions which pro­
vide the energy for contraction must 
therefore be controlled not only by the 
change in the length of the muscle, but 
also by the tension placed on the muscle 
during the change. This is a remarkable 
property, of great importance to the effi­
ciency of muscle, and new information 
about the structure of muscle has begun 
to explain it. 

From the chemical point of view, the 
contractile structure of muscle consists 
almost entirely of protein. Perhaps 90 
per cent of this substance is represented 
by the three proteins myosin, actin and 
tropomyosin. Myosin is especially abun­
dant: about half the dry weight of the 
contractile part of the muscle consists of 
myosin. This is particularly significant 
because myosin is also the enzyme 
which can catalyze the removal of a 
phosphate group from adenosine tri­
phosphate (ATP). And this energy-lib­
erating reaction is known to be closely 
associated with the event of contraction, 
if not actually part of it. 

Myosin and actin can be separately 
extracted from muscle and purified. 
When these proteins are in solution to­
gether, they combine to form a complex 
known as actomyosin. Some years ago 
Albert Szent-Gyorgyi, the noted Hun­
garian biochemist who now lives in the 
U. S., made the striking discovery that 
if actomyosin is precipitated and artifi­
cial fibers are prepared from it, the fibers 
will contract when they are immersed in 
a solution of ATP! It seems that in the 
interaction of myosin, actin and ATP we 
have all the essentials of a contractile 
system. This view is borne out by exper­
iments on muscles which have been 
placed in a solution of 50 per cent gly­
cerol and 50 per cent water, and soaked 
for a time in a deep-freeze. After this 
procedure, and some further washing, 
practically everything can be removed 
from the muscle except myosin, actin 
and tropomyosin; and this residual struc­
ture will still contract when it is supplied 
with ATP. 

The Structure of the Fiber 

The most straightforward way to try 
to find out how the muscle machine 
works is to study its structure in as much 
detail as possible, using all the tech­
niques now at our disposal. This has 
proved to be a fruitful approach, and I 
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STRIATED MUSCLE from a rabbit is enlarged 24,000 diameters 

ill this electron micrograph. Each of the diagonal ribbons is a thin 

EXTREMELY THIN SECTION of a striated muscle is shown at 

much greater magnification. The section is so thin that in some 

places it contains only one layer of filaments. The way ill which 
overlapping thick and thin filaments give rise to the band pattern 

section of a muscle fiber. Clearly visible are the dense A·bands, 
bisected by H·zones; and the lighter I·bands, bisected by Z·lines. 

can be clearly seen. Although the magnification of this electron 

micrograph is much larger than that of the micrograph at top of 
page, distance between the narrow Z·lines is less. This is because 

the section was longitudinally compressed by the slicing process. 
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shall briefly describe its results. Much 
of the work I shall discuss I have done 
in collaboration with Jean Hanson of the 
Medical Research Council Unit at King's 
College in London. 

cross-striated like the fiber of which it 
is a part. Indeed, the striations of the 
fiber are due to the striations of the 
myofibril, which are in register in adja­
cent myofibrils. The striations arise from 
a repeating variation in the density, i.e., 
the concentration of protein along the 
myofibrils. 

seen clearly in isolated myofibrils, which 
are obtained by whipping muscle in a 
Waring blendor. Under a powerful light 
microscope there is a regular alterna­
tion of dense bands (called A-bands) 
and lighter bands (called I -bands) . The 
central region of the A-band is often 
less dense than the rest of the band, 
and is known as the H-zone. When a 

The contractile structure of a muscle 
fiber is made up of long, thin elements 
which we call myofibrils. A myofibril 
is about a micron in diameter, and is The pattern of the striations can be 
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TRANSVERSE SECTIONS through a three·dimensional array of 

filaments in vertebrate striated muscle (top) show how the thick 
and thin filaments are arranged in a hexagonal pattern (middle). 
At bottom are electron micrographs of the corresponding sections. 
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striated muscle from a vertebrate is near 
its full relaxed length, the length of one 
of its A-bands is commonly about 1.5 mi­
crons, and the length of one of its I-bands 
about .8 micron. The I-band is bisected 
by a dense narrow line, the Z-membrane 
or Z-line. From one Z-line to the next 
the repeating unit of the myofibril struc­
ture is thus: Z-line, I-band, A-band (in-

terrupted by the H -zone) , I -band and 
Z-line. 

When myofibrils are examined in the 
electron microscope, a whole new world 
of structure comes into view. It can be 
seen that the myofibril is made up of 
still smaller filaments, each of which is 
50 or 100 angstrom units in diameter 
(an angstrom unit is a 10,000th of a 

I I I J ) J JJ ) I ) 

micron) . These filaments were observed 
in the earliest electron micrographs of 
muscle, made by Cecil E. Hall, Marie A. 
Jakus and Francis O. Schmitt of the 
Massachusetts Institute of Technology, 
and by M. F. Draper and Alan J. Hodge 
of Australia. And now thanks to recent 
advances in the technique of preparing 
specimens for the electron microscope, 
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LONGITUDINAL SECTION through the same array shows how 
two thin filaments lie between two thick ones. This pattern is a con· 

sequence of the fact that one thin filament is centered among three 

thick ones. At bottom is a micrograph of the corresponding section. 
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SEVERAL FIBERS in a vertebrate striated muscle are seen from 

the end in an electron micrograph which enlarges them 90,000 

diameters. Within each fiber is the hexagonal array of its filaments. 

This pattern, in which one thin filament lies symmetrically among 

three thick ones, differs from the pattern in the insect muscle on 

page 66, in which one thin filament lies between two thick ones. 

it is possible to examine the arrangement 
of the filaments in considerable detail. 

For this purpose a piece of muscle is 
first "fixed," that is, treated with a chem­
ical which preserves its detailed struc­
ture during subsequent manipulations. 
Then the muscle is "stained" with a com­
pound of a heavy metal, which increases 
its ability to deflect electrons and thus 
enhances its contrast in the electron mi­
croscope. Next it is placed in a solution 
of plastic which penetrates its entire 
structure. After the plastic is made to 
solidify, the block of embedded tissue 
can be sliced into sections 100 or 200 
angstrom units thick by means of a mi­
crotome which employs a piece of brok­
en glass as a knife. When we look at 
these very thin sections in the electron 
microscope, we can see immediately that 
muscle is constructed in an extraor­
dinarily regular and specific manner. 

A myofibril is made up of two kinds 
of filament, one of which is twice as 
thick as the other. In the psoas muscle 
from the back of a rabbit the thicker 
filaments are about 100 angstroms in 
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diameter and 1.5 microns long; the thin­
ner filaments are about 50 angstroms in 
diameter and two microns long. Each 
filament is arrayed in register with other 
filaments of the same kind, and the two 
arrays overlap for part of their length. 
It is this overlapping which gives rise to 
the cross-bands of the myofibril: the 
dense A-band consists of overlapping 
thick and thin filaments; the lighter 1-
band, of thin filaments alone; the H­
zone, of thick filaments alone. Halfway 
along their length the thin filaments pass 
through a narrow zone of dense mate­
rial; this comprises the Z-line. Where the 
two kinds of filament overlap, they lie 
together in a remarkably regular hex­
agonal array. In many vertebrate mus­
cles the filaments are arranged so that 
each thin filament lies symmetrically 
among three thick ones; in some insect 
flight-muscles each thin filament lies 
midway between two thick ones. 

The two kinds of filament are linked 
together by an intricate system of cross­
bridges which, as we shall see, probably 
play an important role in muscle con-

traction. The bridges seem to project 
outward from a thick filament at a fair­
ly regular interval of 60 or 70 angstroms, 
and each bridge is 60 degrees at·ound 
the axis of the filament with respect to 
the adjacent bridge. Thus the bridges 
form a helical pattern which repeats 
every six bridges, or about every 400 
angstroms along the filament. This pat­
tern joins the thick filament to each one 
of its six adjacent thin filaments once 
every 400 angstroms. 

The arrangement of the filaments and 
their cross-bridges, as seen in the elec­
tron microscope, is so extraordinarily 
well ordered that one may wonder 
whether the fixing and staining proce­
dures have somehow improved on na­
ture. Fortunately this regularity is also 
apparent when we examine muscle by 
another method: X-ray diffraction. Mus­
cle which has not been stained and fixed 
deflects X-rays in a regular pattern, indi­
cating that the internal structure of mus­
cle is also regular. The details of the dif­
fraction pattern are in accord with the 
structural features observed in the elec-
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Add bulk plus performance 
for as little as 5 1¢ I cu. ft. 

with MICRO-CEL® 
SYNTHETIC CALCIUM SILICATES 

Have you tried MICRO-CEL ... Johns­
Manville's synthetic calcium silicate 
that's setting a new standard for 
performance? 

At a delivered cost of 8¢ to 10¢ per 
pound MICRO-CEL can match-even 
outperform-many higher-priced fill­
,ers in dry or liquid products. Check 
these three cost-cutting product im­
provements MICRO-CEL can give you. 

1. In dry products, MICRO-CEL will 
bulk up to a full cubic foot for every 
six pounds. A little MICRO-CEL goes 
a long way toward improving product 
density, reducing package outage. 

2. MICRO·CEL absorbs up to six 
times its weight in water ... remains a 
free-flowing powder even when mixed 
with twice its weight of liquid . . . 

controls viscosity ... prevents caking. 

3. MICRO·CEL partic les are as 
small as .02 micron, blend and dis­
perse well, extend pigments to the 
maximum. 

MICRO-CEL, the powder that flows 
like a liquid, is a new line of inert 
synthetic calcium silicates produced 
by combining lime with diatomaceous 
silica under carefully controlled con­
ditions. Its unique combination of 
properties has already brought im­
portant benefits and savings to many 
processors. Maybe you will be next. 

For further information, samples 
and technical assistance write to Johns­
Manville, Box 14, New York 16, New 
York. In Canada, 565 Lakeshore Roa:i 
East, Port Credit, Ontario. 

1i1 
Johns-Manville MICRO-CEL 

PRODUCTS A product of the Celite Division 
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tron microscope. Indeed, many of these 
features were originally predicted on the 
basis of X-ray diffraction patterns alone. 

The Sliding· Filament Model 

As soon as the meaning of the band 
pattern of striated muscle became ap­
parent, it was obvious that changes in 
the pattern during contraction should 
give us new insight into the molecular 
nature of the process. Such changes can 
be unambiguously observed in modern 
light microscopes, notably the phase­
contrast microscope and the interference 
microscope. They can be studied in liv-

ing muscle fibers (as they were by A. F. 
Huxley and R. Niedergerke at the Uni­
versity of Cambridge) or in isolated 
myofibrils contracting in a solution of 
A TP (as they were by Jean Hanson and 
myself at M.I.T.). We all came to the 
same conclusions. 

It has been found that over a wide 
. range of muscle lengths, during both 
contraction and stretching, the length of 
the A-bands remains constant. The 
length of the I-bands, on the other hand, 
changes in accord with the length of the 
muscle. Now the length of the A-band 
is equal to the length of the thick fila­
ments, so we can assume that the length 

of these filaments is also constant. But 
the length of the H-zone-the lighter 
region in the middle of the A-band-in­
creases and decreases with the length of 
the I-band, so that the distance from the 
end of one H-zone through the Z-line to 
the beginning of the next H-zone re­
mains approximately the same. This dis­
tance is equal to the length of the thin 
filaments, so they too do not alter their 
length by any large amount. 

The only conclusion one can draw 
from these observations is that, when 
the muscle changes length, the two sets 
of filaments slide past each other. Of 
course when the muscle shortens enough, 

-- -=t====:......:= 

DIFFERENT CHEMICAL COMPOSITION of the thick and thin 

filaments is demonstrated. At top is a myofibril photographed in 

the phase·contrast light microscope. The wide dark regions are 

A.bands; between them are I·bands bisected by Z·lines. Second 

from top is a simplified schematic drawing of how the thick and 

thin filaments give rise to this pattern. Third from top is a photo· 

micrograph of a myofibril from which the protein myosin has been 

chemically removed. The A·bands have disappeared, leaving only 

the I·bands and Z-lines. At bottom is a drawing which shows how 

this pattern is explained on the assumption that the thick fila. 

ments have been removed. Thus it appears that the thick filaments 

are composed of myosin, and the thin filameuts of other material. 
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An efficient double row, pre­
loaded, ball bearing for use 
where combined loads must be 
resisted by a single bearing. 
Both radial and axial deflec­
tions are controlled within 
very close limits. 

Photo: courtesy Jacobsen Mfg. Co., Racine, Wisconsin 

Power mower cost trimmed 
$4.29 with � ... bearing design 
When a leading manufacturer wanted to cut production costs of his top-line 
power mower . . .  he talked to the man from New Departure ! His N/D Sales 
Engineer recommended a new, more efficient cutter housing design utilizing 
three precision New Departure production ball bearings. This accounted for 
a savings in parts and assembly-time costs of $4.29 per mower! What's more, 
the conversion added new sales appeal to the product. The manufacturer was 
able to price more competitively at retail . . .  while promising mower users 
years of trouble-free performance. 

Perhaps the man from New Departure can recommend an N/D production 
bearing that will give your product the cost savings and added sales appeal 
you're looking for. For more information, write Department 6-11. 

DIVISION OF BRISTOL, CONN. 
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CHANGE IN LENGTH of the muscle changes the arrangement of the filaments. In A the 

muscle is stretched; in B it is at its resting length; in C, D and E it is contracted. In C the 

thin filaments meet; in D and E they crumple up. In E the thick filaments also meet adjacent 
thick filaments (not shown) and crumple. The crumpling gives rise to new band patterns. 
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the ends of filaments will meet; this hap­
pens first with the thin filaments, and 
then with the thick [see illustration at 
left]. Under such conditions, in fact, new 
bands are observed which suggest that 
the ends of the filaments crumple or 
overlap. But these effects seem to occur 
as a result of the shortening process, and 
not as causes of contraction. 

It has often been suggested that the 
contraction of muscle results from the 
extensive folding or coiling of the fila­
ments. The new observations compel us 
to discard this idea. Instead we are 
obliged to look for processes which could 
cause the filaments to slide past one 
another. Although this search is only 
beginning, it is already apparent that 
the sliding concept places us in a much 
more favorable position with respect to 
what we might call the intermediate 
levels of explanation: the description of 
the behavior of muscle in terms of mo­
lecular changes whose detailed nature 
we do not know, but whose conse­
quences we can now compute. 

There is more to be said about such 
matters, but first let us return to the 
chemical structure of muscle. If a mus­
cle is treated with an appropriate salt 
solution, and then examined under the 
light microscope, it is observed that the 
A-bands are no longer present. It is also 
known that such a salt solution will re­
move myosin from muscle. This demon­
strates that the thick filaments of the 
A-band are composed of myosin, a con­
clusion which has been quantitatively 
confirmed by comparing measurements 
made by chemical methods with those 
made by the interference microscope. 
Moreover, when myofibrils which have 
been treated with salt solution are exam­
ined in the electron microscope, they 
lack the thick filaments. The "ghost" 
myofibril that remains consists of seg­
ments of material which correspond to 
the arrays of thin filaments in the 1-
bands. If the myofibril is treated so as to 
extract its actin, a large part of the ma­
terial in these segments is removed. This 
indicates that the thin filaments of the 
I-band are composed of actin and (prob­
ably) tropomyosin. 

Thus the two main structural proteins 
of muscle are separated in the two kinds 
of filaments. As noted earlier, actin and 
myosin can be made to contract in a 
solution of ATP, but only when they are 
combined. We therefore conclude that 
the physical expression of the combina­
tion of actin and myosin is to be found 
in the bridges between the two kinds of 
filaments. It should also be said that the 
thiqk and thin filaments are too far apart 
for any plaUSible "action at a distance,'� 
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The 
Perfect 

Solution: 
(it can save you money) 

Some bulk products of this Division are: 

,, � rercy, we've got to face the big problem," exclaimed Edgelow the 
exasperated executive of Extra Efficiency Drug Co. "Production costs 
on our multivitamin products must come down." 

"Humm, yes, the big problem. These assistants of mine just never 
will learn to keep an orderly laboratory," answered Percival while 
polishing his paraphernalia. 

"Percy - the big problem," interjected Edgelow. 
"Oh yes! You know Pfizer has a new form of vitamin B12- it's called 

STABLETS* - the most stable form ever produced - allows for a 50% 
reduction in overages. It's quite likely that the use of STABLETS would 
reduce our costs substantially. Now please allow me to continue 
my cleaning." 

"Percy you're a prince - and so is Pfizer, clean away to your heart's 
desire" sighed Edgelow in utter relief. 

* * * * * * * * * * * * 

Pfizer has a full line of high quality forms of Vitamin A, B Complex, 
and C for medicinal and food uses. If you are confronted with vitamin 
problems or any other problems which might be solved by a high­
quality organic chemical, think of Pfizer first. Chas. Pfizer & Co., Inc., 
Chemical Sales Division, 630 Flushing Avenue, Brooklyn 6, N. Y. 

"TRADE lLUlIt 

CHEMICAL SALES DIVISION 

• • .  sells more than 100 organic chemicals for 
food, medicinal and industrial uses. 

CITRIC, TARTARIC, OXALIC ACIDS AND SALTS • ASCORBIC ACID AND OTHER VITAMINS ., CAFFEINE • ANTIBIOTICS • PLASTICIZERS 
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AN INVITATION 
TO JOIN ORO 

Pioneer In 
Operations Research 

Operations Research is a young 
science, earning recognition rapidly 
as a significant aid to decision-mak­
ing. It employs the services of 
mathematicians, physicists, econo­
mists, engineers, political scientists, 
psychologists, and others working 
on teams to synthesize all phases of 
a problem. 

At ORO, a civilian and non­
governmental organization, you 
will become one of a team assigned 
to vital military problems in the 
area of tactics, strategy, logistics, 
weapons systems analysis and 
communications. 

No other Operations Research 
organization has the broad expe­
rience of ORO. Founded in 1948 by 
Dr. Ellis A. Johnson, pioneer of 
U. S. Opsearch, ORO's research 
findings have influenced decision­
making on the highest military 
levels. 

ORO's professional atmosphere 
encourages those with initiative and 
imagination to broaden their scien­
tinc capabilities. For example, staff 
members are taught to "program" 
their own material for the Univac 
computer so that they can use its 
services at any time they so desire. 

ORO starting salaries are com­
petitive with those of industry and 
other private research organiza­
tions. Promotions are based solely 
on merit. The "fringe" benefits 
offered are ahead of those given 
by many companies. 

The cultural and historical fea­
tures which attract visitors to 
Washington, D. C. are but a short 
drive from the pleasant Bethesda 
suburb in which ORO is located. 
Attractive homes and apartments 
are within walking distance and 
readily available in all price ranges. 
Schools are excellent. 

For Further information write: 
Professional Appointments 

OPERATIONS RESEARCH 
OFFICEI� 

The Johns Hopkins University 
6935 ARLINGTON ROAD 

BETHESDA 14, MARYLAND 

so it would seem likely that the sliding 
movement is mediated by the bridges. 

The Cross-Bridges 

The bridges seem to form a perma­
nent part of the myosin filaments; pre­
sumably they are those parts of myosin 
molecules which are directly involved in 
the combination with actin. In fact, 
when we calculate the number of myo­
sin molecules in a given volume of mus­
cle, we find that it is surprisingly close 
to the number of bridges in the same 
volume. This suggests that each bridge 
is part of a single myosin molecule. 

How could the bridges cause con­
traction? One can imagine that they are 

able to oscillate back and forth, and to 
hook up with specific sites on the actin 
filament. Then they could pull the fila­
ment a short distance (say 100 ang­
stroms) and return to their original con­
figuration, ready for another pull. One 
would expect that each time a bridge 
went through such a cycle, a phosphate 
group would be split from a single mole­
cule of ATP; this reaction would provide 
the energy for the cycle. 

To account for the rate of shortening 
and of energy liberation in the psoas 
muscle of a rabbit, each bridge would 
have to go through 50 to 100 cycles of 
operation a second. This figure is com­
patible with the rate at which myosin 
catalyzes the removal of phosphate 
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STRETCHING of muscle changes its band pattern. At top i. an electron micrograph show­

ing two myofibrils in a stretched muscle. Second is a drawing of the position of their fila­

ments. The thick and thin filaments overlap only at their ends. Third is a micrograph of a 
myofibril at its resting length. At bottom is a drawing showing the position of the filaments_ 
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HO RTO N PROD U CTS Abrasives • Grindin, Wh,,\s • Grindin, Machim • lefractllies • Electrochmlcals - I EH R·M ANN I" G DIY 1 SI D" CoateHbrasim • SharpenlnlStms 
'
. Pressure ·Sensitin laDes 
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CROSS·BRIDGES between thick and thin filaments may be seen 

in this electron micrograph of the central region of an A·band. 

The micrograph enlarges the filaments 600,000 diameters. Three 

thick filaments are seen ; between each pair are two thin filaments. 

groups from ATP . When the muscle has 
relaxed, we suppose that the removal 
of phosphate groups from ATP has 
stopped,' and that the myosin bridges 
can no longer combine with the actin 
filaments; the muscle can then return to 
its uncontracted length. Indeed, there is 
evidence from various experiments that 
ATP from which phosphate has not been 
split can break the combination of actin 
and myosin. The reverse effect-the for­
mation of permanent links between the 
actin and myosin filaments in the total 
absence of ATP-would explain the ri­
gidity of muscles in rigOT mOTtis: when 

- --

the muscles' supply of ATP has been 
used up, they "seize" like a piston which 
has been deprived of lubrication. 

The system I have described is sharp­
ly distinguished from most other sug­
gested muscle mechanisms by one sig­
nificant feature : a ratchet device in the 
linkage between the detailed molecular 
changes and the contraction of the mus­
cle. This makes it possible for a move­
ment at the molecular level to reverse 
direction without reversing the contrac-

. tion. Thus during each contraction the 
molecular events responsible for the con­
traction can occur repeatedly at each ac-

tive site in the muscle. As a result the 
muscle can do much more work during 
a single contraction than it could if only 
one event could occur at each active site. 

Earlier in this article I mentioned that 
the tension exerted by a muscle falls off 
as its speed of shortening increases. This 
phenomenon can now be explained 
quite simply if we assume that the proc­
ess by which a cross-bridge is attached 
to an active site on the actin filament 
occurs at a definite rate. There is only a 
certain period of time available for a 
bridge to become attached to an actin 
site moving past it, and the time de-

/ --�-----------
- - - -.  

��F 

�--------� �\------

ARRANGEMENT OF CROSS·B RIDGES suggests that they enable 

the thick filaments to pull the thin filaments by a kind of ratchet 
action. In this schematic drawing one thin filament lies among three 

thick ones. Each bridge is a part of a thick filament, but it is able 

to hook onto a thin filament at an active site (dot) . Presumably 
the bridges are able to bend back and forth ( arrows). A single 

bridge might thus hook onto an active site, pull the thin filament a 

short distance, then release it and hook onto the next active site. 
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G R O U N D  C O N T R O L  of target drone centers in air-portable van. 
Men at console maintain control through flight instruments. Path 
of drone is traced automatically on plotting board at right. 

AIR C O N T R O L  relays commands from ground station to drone 
where distance or terrain block direct beam. Air director may 
also originate control since it has complete microwave system. 

P R O B I N G  ANTI- MISSI L E  D E F EN S ES, remotely-controlled drone flies at supersonic 
speed toward target area. Test measures alertness of defense system and speed in 
launching ground-to-air missile. 

G R EAT R A N G E  of Sperry microwave command guidance system is shown 
in diagram. Ground station ( 1 )  controls target drone (2)  either directly 

or through air director ( 3 ) .  Drone draws fire of defense systetn which 
launches ground-to-air interceptor missile (4 ) .  

RADAR SYSTEM WI LL ENABLE USAF 
TO TEST ANTI - M ISSI LE DEFENSES 

Can g u i d e  " attac k i n g "  d ro n e s  400 m i l e s  at s u perso n i c  speeds 

How good are our anti-missile defenses? 
A n e w  Sperry M i c ro w a v e  C o m m a n d  
Guidance System recently demonstrated 
for the Air Force will help military offi­
cials find the answer. Applied to super­
sonic target drones used to simulate a 
missile attack, the system will aid in test­
ing the readiness of air defense units and 
ground-to-air missile defenses. 

With a range of 400 miles, the Sperry 
system can guide a drone along a p reset 
course with precise accuracy from a mobile 
ground control station. It displays a drone's 

path automatically on a plotting board, 
receives information continuously from 
the drone on its speed and other flight 
conditions, and commands the drone's 
engine and flight controls. When the earth's 
curvature or obstructions block the ground 
s i g n a l ,  the system operates  through a 
director aircraft which is a flying duplicate 
of the master ground control station. 

In working with the Air Force to develop 
the new system, Sperry made use of its 
broad experience in gyroscopics and elec­
tronics as well as its mastery of microwave 

radar for guidance and control of missiles 
and aircraft. Since 1 946 Sperry has been 
designing and producing complete long­
range control systems for drones and 
unmanned aircraft-including the first to 
fly directly through an atomic cloud. 

DI VISION OF SPERR Y RA ND CORPORA TlON 
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creases as the speed of shortening in­
creases. Thus during shortening not all 
the bridges are attached at a given mo­
ment; the number of ineffective bridges 
increases with increasing speed of short­
ening, and the tension consequently de­
creases. A. F. Huxley has worked out a 
detailed scheme of this general nature, 
and has shown that it can account for 
many features of contraction. 

It was also indicated earlier that the 
total energy (heat plus work ) developed 
by a muscle contracting over a given 
distance increases with the tension or 
load placed on the muscle. This can be 
explained by our mechanism if the chem­
ical reaction which delivers the energy­
say the removal of phosphate groups 
from ATP-proceeds slowly at bridges 
which are not attached to an actin fila­
ment, and rapidly at bridges which are 
attached. Since the number of bridges 
attached at any moment is determined 
by the load on the muscle, the amount 
of energy released in a given distance of 
shortening is automatically varied ac-

cording to the amount of external work 
done. This assumption of a difference in 
the reaction rate at unattached bridges 
and at attached bridges is plausible : 
when myosin is placed in a solution ap­
proximating the environment of muscle, 
it splits ATP rather slowly; when the 
myosin is allowed to combine with actin, 
the splitting is greatly accelerated. 

There are other reasons, with which I 
shall not burden the general reader, for 
believing that the sliding-filament model 
of muscle accords rather well with our 
chemical and physiological knowledge 
of striated muscle. The model provides 
a frame of reference in which we can re­
late to onA another many different kinds 
of information : about muscle itself, 
about artificial contractile systems and 
about muscle proteins. The situation is 
promising and stimulating, and we seem 
to be on the right track, but we are still 
far from being able to describe the con­
traction of muscle in detailed molecular 
terms-perhaps farther than we think! 

There remains the most fundamental 

question of all : Exactly how does a 
chemical reaction provide the motive 
force for the molecular movements of 
contraction? We have made little prog­
ress toward answering the question; in­
deed, the recent studies have made the 
problem more difficult by seeming to re­
quire that a movement of 100 angstroms 
in part of the muscle structure be the 
consequence of a single chemical event. 
But it may be that the sliding process is 
effected by a more subtle mechanism 
than the one described here; perhaps a 
caterpillar-like action, in which one kind 
of filament crawls past the other by small 
repetitive changes of length, will be 
closer to the truth. 

Two things are certain. The problem 
of muscular contraction will not be 
solved independently of other modern 
biological problems-those of the struc­
ture of proteins, of the action of en­
zymes, and of energy transfer in biologi­
cal systems. And muscle itself provides 
as promising a system for attacking these 
problems as any we know. 

FLIGHT MUSCLE of a blow fly has broad A·bands and narrow 

I-bands. This is consistent with the sliding-filament hypothesis be­

cause the flight muscle of the blow fly contracts only a few per cent 

of its length (though it must do so several hundred times a second ) . 

The dense hodies between the myofibrils are mitochondria, in 

which foodstuff is oxidized to provide the energy for contraction. 
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It's cooler inside! 
Sitting behind the controls of this crane 
in a steel mill used to be a hot job. But 
now cab windows are made of � "  pol­
ished plate that's fashioned from PYREX 
brand infrared reflecting glass. 

This glass bounas heat away- trans­
mission of IRR (infrared) being as low 
as 7%, depending on wave length. Yet 
you can see through these windows since 
about 75% of visible light is passed . These 
IRR windows are strong, chemically 
resistant, and very durable. You can get 
them in sizes up to 30" X 60" .  For details 
(along with data on blue observation 
glass, PYREX brand glass No. 7 740, and 
VYCOR brand glass No. 7900) ask for 
PE-34, a 4-page data sheet covering flat 
glass properties, specifications, and ap­
plications. 

Hot rod 
This has nothing whatsoever to do with 
motor cars. Rather our concern here is a 
piece of glass rod that conducts electricity 
and produces heat. 

The rod is � "  O . D . ,  made of heat­
resistant glass coated with a metallic 
oxide that's fired in for permanence. 
Ends are silvered so you can use clip 
contacts. 

NEW, low-watt d ensity h e a ter from Corning 
consists of g l a ss rod,  coated with a metal l ic con� 
d uctor, and having silvered ends for attaching 
cl i p contacts. 

With either a 1 20 or 240 volt source, 
you have a power output rate of roughly 
50 watts for every 6 inches of rod . 

Someone described this low-watt den-

a bulletin of practical new ideas from Corning 

sity heater as " a  non-crystalline, rigid 
wire made of glass ." The big questio n :  
W h a t  c a n  y o u  do with i t ?  So far the 
project development people at Corning 
have come up with hot rods ranging in 
size from 6 to 24 inches. Larger sizes are 
being looked into. 

Seems like a compact heater like this 
should be good for lots of things. We 
await your suggestions and inquiries. 

Working on the same principle of a 
metallic coating that conducts electricity 
to produce heat are panels like this. 

These panels are called PYREX brand 
industrial radiant heaters. You'll find 
them in use in plants ' round the country 
for drying, heating, baking, curing. 

Main reason for the popularity of these 
heaters is the kind of heat you get. I t' s  
uniform , and long wave-5 microns and 
over. 

And long wave heat is very readily 
absorbed. For example, here's comparable 
performance for a whi te surface. 

Tem- % r a d i a n t  
Source p erature energy 

OK a bsor bed 

infrared l a m p  2 5 0 0  3 0  

sheathed wire unit  1 00 0  70 

" PYREX" h e a ter 6 0 0  9 0  

With the long wave heat  from PYREX® 
heaters, color is of little importance­
heating speed is almost constant .  

PYREX i n d u s t r i a l  r a d i a n t  h e a t i n g  
panels are mounted in a n  aluminized 
steel frame and come complete with 
built-in reflector, mounting hangers, 

junction box, and leads. 
All the facts about this efficient way to 

get heat are spelled out in Bulletin PE-60. 
Use the coupon if you' d like a copy . 

Inside job 

This combination ventilator and lighting 
fixture is compact and smart looking. 
I t' s  made by Fasco I ndustries, Inc . ,  a 
Rochester, N. Y . ,  firm. 

Mounted in the ceiling, this fixture 
exhausts stale air and provides illumina­
tion for bath and/or utility rooms. 

Where do we enter the picture? The 
grille is made of 7Yz" -long pieces of glass 
rod . Glass makes for smooth air flow, 
looks good , and stays that way. 

And the 4"x7" lighting panels are 
Corning No. 66 Alba-lite-an opal glass 
in an attractive fluted pattern . Alba-lite 
diffuses ; i t  stands up to the heat from the 
60-watt lamps. I t, too, looks good, and is 
easy to keep clean. 

Suggestion: If anything you make (or 
contemplate making) uses glass parts, try 
Corning. You'll get what you want, when 
you want it, in the quantities you need, at 
a price that makes sense . 

Or as a starter, ask for "This Is Glass ." 
I n  its 64 pages you'll probably find some­
thing you can use. Remember : Corning 
can do almost anything with glass. 

• ----��� � &'&.",,-------------1 � CO RNING GLASS WORKS,  49-1 1 Crystal Street, Corning, New York 

Please send me: 0 P E · 3 4  " Cornin g  Flat G l a sses" ; 0 P E · 6 0  " PYREX brand i n d u stri a l  

radiant  heater catalog " ;  0 "This Is  Gla ss" 

N a m e  .............................. .......................................................... Title ........ ............................... . 

Com pany ................. .......... ..... ........................................ ....................................................... . 

Street ................ . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . .  . 

City .............................................. ...................... . ....... .... Zone .......... State ........ ....................... . 

L _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  j 
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BURROUGHS  
E LECTRO N IC COM PUTERS 

STAN D  SENTRY D UTY FO R YOU . . .  
GU I D E  M I SS I LES, BOM BERS 

AN D BUS I N ESSES,  ALSO ! 

Burroughs Digital COInputers 
Even in 'Texas Tower' Outposts 

FIRM'S VITAL DATA PROCESSING 
ROLE IS MANY-SIDED 

W A S H I N G T O N ,  D . C . ­
Another vital link in defense, 
'Texas Towers' now extend our 
SAGE defense system lonely 
m i l e s  o ff Ameri c a ' s  s h ores . 
Here, as well as from its chain 

of bases across the continental 
U.S. , S A G E  supersensitively 
searches for the faintest hint of 
airborne attack. 

In these installations helping 
to defend 173 million Americans, 
the Burroughs electronic com· 
puters almost instantaneously 
compute and process radar data 
for alerting U. S. defense. 
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Meanwhile, in Cape Canaveral, 
giant 5,000-mile Atlas ICBM's 
blast off. Navigating them with 
u ndeviat ing rel iabi l i t y :  Bur­
roughs all-transistor electronic 
computers. 

The scope of Burroughs mili­
tary weapons systems is pro­
digious. It  encompasses a broad 
range including super-intricate 
electronic missile guidance sys­
tems, electronic data processing 
for anti-airborne defense sys­
tems, new electrographic com­
munications systems that record 
30,000 characters a second, 

giant capacity computers mini­
aturized for manned aircraft. 

Advances in 'Brains' 
for Defense, Business 

Go Hand in Hand 

In the words of a Burroughs 
spokesman : "These tremendous 
advances in computation for 
military systems parallel devel­
opments of advanced electronic 
systems and equipment for ci· 
vilian use . And vice versa. 
Through this cross-pollenization, 
Burroughs' achievements are 

recognized as having become 
outstanding in data processing 
for business and science as well 
as for defense." 

In all, these programs and 
others-many of them t op se­
cret-involve the most sophis­
t i ca t e d  app l i ca t i ons  of e l e c­
tronics, electro-mechanics, op­
tics, magnetics and other fields, 
the fruits of Burroughs 3,500-
man research and development 
facilities. And they clearly re­
flect the firm's proved capabili­
ties in  precision production, in 
product reliability, in  design and 

Burrough s C orp orati on 
"NEW DIMENSIONS / in electronics and data processing systems " 
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THE FACTS ABOUT MAGNESIUM 
AVAI LAB I LI TY 

Prospect : Abundant, readily obtainable quantities in the U .  S .  
of the l ightest structural metal . . .  in every usable form 

for both m ilitary and civilian use .  

MA G N E SI U M, the lightweight 
metal from the sea, lends itself 

to a host of structural and non-struc­
tural applications. The future indicates 
an ever increasing usage of magnesium 
and its alloys as more and more indus­
tries become aware of its many desir­
able characteristics. 
In addition to being lightweight, mag­
nesium has a high stiffness-to-weight 
ratio, unexcelled machinability, the 
ability to be worked by all common 
methods, and stability in many atmos­
pheres. There are conventional alloys 
for use at normal temperatures and 
special alloys for use in the missile and 
aircraft field at temperatures up to 
700 ° F .  and above. Many types of 
casting, extrusions, and rolled products 
can be produced from magnesium 
alloys. 
What about the availability of mag­
nesium? Is there raw material in suffi­
cient quantities to satisfy foreseeable 

requirements? Are producing capac­
ities ample for increased demandi' 
The answer to these questions is an 
emphatic "yes" ! The sources of mag­
nesium are, by any standard of measure, 
inexhaustible. From the standpoint of 
accessibility, as well as quantity, mag-. 
nesium is the most readily available of 
all metals. 
As you know, magnesium is "mined" 
from the ocean, as well as the earth. 
One cubic mile of sea water contains 
about six million tons of the metal. 
There are approximately 320,000,000 
cubic miles of sea water ill the world, 
and the entire coast line of the con­
tinental United States can be consid­
ered as one immense source of supply. 
Easy to see why magnesium supply is 
termed "inexhaustible" in the most 
conservative quarters. And it is quite 
practical and economical to recover 
magnesium from sea water. Dow has 
been doing it for seventeen years. 

O N E C U B I C  MilE of sea water contains enough magnesium to build a solid cube 480 feet o n  
each side,  o r ,  a b a r  o n e  foot by o n e  foot over 20,000 m i les i n  length, enough to  circle the 
earth a t  the latitude of  San Francisco. 

FO R MORE I N FO R M A T I O N  about magnesium, contact the nearest Dow Sales  Office 
or, write THE DOW CHEMICAL COMPANY, Midland, Michigan, Department M A  1 4 8 1  AA. 

CONSUMPTION OF PRIMARY METALS IN  TONS PER  YEAR  

MAGN E S I U M  C O N S U M P T I O N  in  the U .  S .  has 
i n creased at a rapid rate s ince the Twenties. 

Perhaps less dramatic, but just as im­
portant, is the fact that more than 
adequate supplies of magnesium are 
to be found in dolomite, magnesite 
and other magnesium mineral deposits. 
These are widely distributed in 
nature's storehouse, a large quantity 
being found on the North American 
continent. 

And what about manufactured forms 
of the world's lightest structural metal? 
Magnesium is available today in every 
usable form: ingot, sheet, plate, cast­
ings, forgings, and extrusions. There 
are some seventy sand and permanent 
mold foundries in all parts of the 
nation. Over one hundred metal work­
ing plants fabricate magnesium prod­
ucts and parts. 

Looking toward future needs, Dow's 
production facilities can supply quan­
tities of ingot and fabricated magnesium 
well in excess of present demand. The 
ingot producing plants in Texas and 
the mill products plant at Madison, 
Illinois, have a capacity of thousands 
of tons of magnesium products per 
year. 

Y O U C A N D E P E N D  O N  
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THE CONTROL OF SEX 

If sperm cells from a rabbit are placed in an electric field, they 

separate into two groups. One group, when it is used to inseminate 

female rabbits, tends to prod uce male offspring; the other, female 

F or thousands of years men have 
been trying to predict or control 
the sex of their offspring. The sub­

ject is discussed in a Chinese manuscript 
thought to be 4,400 years old. An 
Egyptian papyrus of about 2,200 B.C. 
observes that a pregnant woman with a 
face of greenish cast is certain to bear 

by Manuel J. Gordon 

a son. According to Aristotle, and also 
the Talmud, placing the marriage bed in 
a north-south direction favors the con­
ception of boys. (This idea was sug­
gested by shepherds, who noticed that 
if ewes face north during conception, 
many of them bear males. Of course the 
shepherds were quite right; about half 

of the offspring of ewes were males.) 
The list of old wives' tales could be 

extended almost without end. Fantastic 
though they are, the impulse to invent 
them was often thoroughly practical. In 
many societies a male heir who could 
carry on the family name was an eco­
nomic and social asset. Today this mo-

ELECTROPHORESIS APPARATUS used to separate rabbit sperm 

is of a special design. One pole of the apparatus is represented by 
the wire attached to its left side; the other pole, by the wire at· 

tached to its right side. The entire apparatus is filled with a solu· 

tion containing sperm cells. When the current is turned on, the 

cells migrate toward one pole or the other through the narrow 
bore of the thick·walled horizontal tube at bottom. The process is 
observed with a microscope through flat section in middle of tube. 
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FEMALE PARENT SOMATIC CELLS 
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GENETIC BASIS of sex determination is outlined in this chart. Each female somatic, or 

body, cell (u.pper left) contains two X chromosomes; each male somatic cell (u.pper right), 
an X chromosome and a Y chromosome. Ova, which result from the division of female 
somatic cells, all contain one X chromosome; sperm, which result from the division of male 

somatic cells, contain either one X chromosome or one Y chromosome. The organism reo 
sulLing from the fertilization of an ovum by a sperm thus has an even chance of having 
somatic cells with two X chromosomes, or with one X chromosome and one Y �hromosome. 

tive is not particularly pressing for most 
of us. However, if sex control could be 
accomplished safely and easily, it might 
relieve mankind of its burden of "sex­
linked" hereditary defects such as he­
mophilia and color blindness. And ani­
mal breeders would find it of great and 
immediate value. As we shall see, it now 
seems likely that this ancient aspiration 
will be realized. 

The scientific history of the subject 
begins with the discovery of the genetic 
mechanism by which sex is determined. 
As most of us recall from high-school 
biology, among the pairs of chromo­
somes in the cells of mammals there is a 
special pair which differs in males and 
females. In females the pair consists of 
two identical members known as X 
chromosomes; in males the pair is made 
up of one X chromosome and one so­
called Y chromosome. When gametes 
(egg and sperm cells) are formed, the 
chromosome pairs split, so that each 
ovum or sperm contains only half the 
usual number of chromosomes, one from 
each pair. Egg cells obviously must all 
have X chromosomes; sperm cells, on 
the other hand, contain either an X or a 
Y, the two types of cell presumably be-

. ing produced in equal numbers [see illus-
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tmtion at top of this page]. Thus the sex 
of a newly conceived animal depends 
simply on the type of sperm cell that 
happens to fertilize the egg. The ex­
pected proportion is 50-50. 

As soon as this was understood, sex 
control became a reasonable possibility. 
At the very least, male- and female-pro­
ducing sperm differ in their sex chromo­
somes. Possibly they might also be dif­
ferent in other ways. In any case, the 
obvious line of attack was to look for a 
physical or chemical method of distin­
guishing the two. 

A number of methods have been tried. 
One idea was to find a selective 

pOison which would inactivate one type 
of sperm cell and not the other. No such 
material has been discovered. The chem­
istry of the sperm cell is so delicate, and 
the differences between the X and Y 

types so subtle, it seems likely that any­
thing which would pOison one type 
would poison the other. 

A second approach, which was widely 
publicized in the 1930s, was concerned 
with the acidity or alkalinity of the vag­
inal secretions at the time of the entry 
of the sperm. The theory, based on ob­
servations of a German physician who 

....... 1 

l -- The Garrett Corporation 
has important assignments available in 
the following categories: 

1. ElECTRONIC AND FLIGHT DATA 

SYSTEMS AND CONTROLS: Specialized ex­
perience with control devices utiliz­
ing servos, analog computers, Mach 
sensors and transitorized circuitry. 

2. MISSILE SYSTEMS, COMPONENTS AND APU'S: 
Specialists in turbine power systems, 
airborne electrical machinery, chemi­
cal fuel systems and electromechani­
cal con trois. 

3. PRODUCT AND PRELIMINARY 

ANALYTICAL DESIGN: Electronic, aero 
and thermodynamic engineers to es­
tablish performance characteristics 
and determine design parameters of 
advanced products. 

4. FLIGHT INSTRUMENT AND TRANSDUCER 

DESIGN ANALYSIS AND DEVElOPMENT: Per­
formance analysis, ability to prepare 
and coordinate proposals, investiga­
tion and synthesis of dynamic sys­
tems. 

5. FLUID AND GASEOUS CONTROLS: Design 
and development of gaseous nitrogen. 
LOX transfer, storage systems and 
converters and liquid gas cooling 
systems. 

6. TURBOMACHINERY: Design development 
and qualification of gas turbine com­
pressors, air cycle cooling turbines 
and extremely high pressure, low vol­
ume flow equipment. 

7. HEAT TRANSF E R :  Aero and thermo­
dynamic engineers for design of elec­
tronic cooling packages, evaporative 
heat exchangers and airborne heaters. 

8. SERVO-MECHANISMS AND 

ElECTRO-MAGNETICS: Experience or 
training in design, development and 
application of magamps, injectors and 
transformers. 

Forward resume to: 8MI', G. D. Bradley 
THE . "  CORPORATION 

9851 S. SEPULVEDA BLVD. 

lOS ANGELES 45. CAUF. 
DIVISIONS; 

"IRESEARCH MANUFACTURING-LOS ANGELES 
AIRESEARCH MANUFACTURING-PHOENIX 

AIRESEARCH INDUSTRIAL 
REX . AERO ENGINEERING 

AIRSUPPLY • AIR CRUISERS 
A' RESEARCH AVIATION SERVICE 
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OUT OF THE LABORATO.RY 

Important phenomenon uncovered ... The forming of bubbles in liquid flow, or cavitation, 

has been a critical problem in missile propulsion and many industrial processes. It is both harmful 

and extremely difficult to locate. In pursuing the problem of cavitation detection, AiResearch discovered 

a new phenomenon - that flow of vapor bubbles in liquids generates a magnetic field. The AiRe�earch 

Cavitation Detector shown senses these signals as the liquid passes through its grid, pinpointing the cause 

of trouble ... another Garrett contribution to science and industrial progress. 

ENGINEERING REPRESENTATIVES: AIRSUPPLY AND AERO ENGINEERING. OFFICES IN MAJOR CITIES 

... HE CORPORA .... ON 

tliResearch Manufacturing Divisions 
Los Angeles 45, California · Phoenix, Arizona 

Systems, Packages and Components for: A I RC RA FT. MIS S I LE, ELECT RON I C, N UC LEAR AN DIN DU ST R IA LAP PLI CATIONS 
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MIGRATION OF SPERM CELLS toward the anode is depicted in this series of schematic 
cross sections of the electrophoresis tube. At top the current is turned off; the cells move 

at random. Second from the top the current is turned on; the cells migrate toward the anode 

(+) tail first. Third the current is reversed; the cells begin to migrate toward the new 
anode head first. Fourth, fifth and sixth their tails bend until they move tail first again. 
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had been treating women for sterility, 
was that an alkaline environment fav­
ored the conception of males; and an 
acid environment, the conception of fe­
males. A number of workers performed 
experiments on a variety of animals, ad­
ministering acid and alkaline douches 
before intercourse. Some claimed suc­
cess, but the results as a whole were 
conflicting. By the early 1940s interest 
in the method had died out. 

There have been many attempts to 
separate the two kinds of sperm physi­
cally, by means of the centrifuge. Here 
the hope is that the X type and Y type 
differ sufficiently in size or in weight to 
move outward at different speeds in a 
rapidly rotating vessel. If so, they can 
be collected in separate batches and 
used to fertilize females by artificial in­
semination. Most of the centrifuge ex­
periments have failed. Recently a Swed­
ish investigator, Per Eric Lindahl, re­
ported that he has partially separated 
X and Y sperm cells with an especially 
sensitive centrifuge. Thus far he has 
dealt only with a rather small sample, 
,�nd his work has not been confirmed. 

As early as 1932 V. N. Schroder, a 
woman biochemist in the U.S.S.R., be­
gan to publish a series of papers about 
a physical method of separation which 
did �eem to work. As so often happens, 
her discovery was accidental. In the 
course of a general investigation of the 
chemistry of rabbit spermatozoa, Dr. 
Schroder was using electrophoresis to 
study their mobility in solutions of vary­
ing acidity and alkalinity. In this tech­
nique [see "Electrophoresis," by George 
W. Gray; SCIENTIFIC AMERICAN, De­
cember, 1951] the cells are placed in a 
vessel which has a positive electrode at 
one end and a negative electrode at the 
other. The solution in which they are 
suspended can be adjusted to different 
values of "pH," or hydrogen-ion concen­
tration. As the pH is changed they move 
with different speeds toward one of the 
poles. Or, rather, that is what they were 
expected to do. To her surprise Dr. 
Schroder found that, at certain values 
of pH, sperm moved in both directions, 
some traveling toward the positive pole, 
some toward the negative, and some re­
maining stationary in the middle. 

Obviously there was something differ-
ent about the two migrating groups. 

Could it be the long-sought distinction 
between the X and Y types? To test the 
idea Dr. Schroder and her colleague 
N. K. Koltsov collected three batches 
of rabbit sperm from an electrophoresis 
vessel, one from the positive pole (an­
ode) , one from the negative pole (cath-
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How to keep track of 
6,000,000 airplane seats 

''I'd like," you say at the airline ticket 

counter in Chicago, "two seats on your 

10 A.M. flight from New York to Los 

Angeles-next Tuesday." 

The agent takes a metal plate, inserts it 

in a small device that looks like an add­

ing machine, presses a few buttons. 

Seconds later, he nods. "The seats are 

available, sir." And when you take them, 

the sale automatically is recorded on an 

up·to·the-second inventory of every seat 

on every flight the airline has over a 

31-day period. 

That's how Teleregister Corporation's 

"Magnetronic Reservisor" saves time, 

reduces staff and cross-communications, 

insures against seats being sold twice. 

In each of these complex installations, 

over a thousand Automatic Electric 

Switches and Relays play their parts. 

In fact, wherever the wonders of automa· 

tion are saving time and money, insuring 

precision, and safeguarding product qual­

ity, the switches and relays of Automatic 

Electric are likely to be found. 

And if our products are especially 

favored by designers, engineers and pro­

duction men, there's good reason. For 

Automatic Electric's half-century-plus of 

inventive pioneering is now backed by one 

of the finest, most modern plants in the 

land. 

Among our thousands of types and vari­

ations of switches and relays, you may 

find a solution to one of your problems. 

AE ROTARY STEPPING SWITCHES 
find many uses in Teleregister's 

Magnetronic reservation systems. 

For more details about these versatile 

switches for all types 

of control devices, 

write for Circular S·1698. 

AUTOMATIC 

.+ No!!��TRIC 

Subsidiary of GENERAL TELEPHONE 
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LITTER TYPE OF SPERM 
OFFSPRING BORN 

SEX 
NUMBER INSEMINATED EXPECTED 

MALES FEMALES TOTAL 

1 CATHODE MALE 6 0 6 

2 CATHODE MALE 7 0 7 

3 ANODE FEMALE 0 2 2 

4 ANODE FEMALE 1 3 4 

5 ANODE FEMALE 1 3 4 

6 ANODE FEMALE 1 4 5 

7 CATHODE MALE 5 0 5 

8 CATHODE MALE 2 2 4 

9 ANODE FEMALE 2 1 .3 

10 CATHODE MALE 1 1 2 

11 CATHODE MALE 3 2 5 

12 ANODE FEMALE 1 3 4 

13 CATHODE MALE 4 0 4 

14 ANODE FEMALE 1 3 4 

1 5 ANODE FEMALE 2 3 5 

16 ANODE FEMALE 0 4 4 

17 ANODE FEMALE 0 7 7 

18 CATHODE MALE 6 2 8 

19 ANODE FEMALE 1 0 1 

20 CATHODE MALE 1 1 2 

21 CATHODE MALE 3 5 8 

22 ANODE FEMALE 1 7 8 

23 ANODE FEMALE 4 6 10 

24 ANODE FEMALE 2 3 5 

25 CATHODE MALE 3 5 8 

26 CATHODE MALE 3 4 7 

27 ANODE FEMALE 5 3 8 

28 CATHODE MALE 4 3 7 

29 ANODE FEMALE 2 5 7 

30 ANODE FEMALE 1 5 6 

31 CATHODE MALE 3 4 7 

RESULTS OF EXPERIMENTS on rabbits in the author's laboratory are tabulated. The sex 
of the offspring of the rabbit was successfully predicted in 67.7 per cent of the cases. 
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ode) and one from the middle of the 
vessel. They inseminated three does, 
one with each batch. Anode sperm pro­
duced six offspring, all females. Cathode 
sperm produced four males and one fe­
male. Central sperm gave a litter of two 
males and two females. 

Encouraged by these results, Dr. 
Schroder repeated the experiment many 
times in the next 10 years, with an over­
all rate of success of 80 per cent in con­
trolling the sex of rabbits. Later she 
refined the technique and extended her 
experiments to other mammals. 

Several investigators have tried to du­
plicate the Soviet work. Some were un­
able to do so; others have had varying 
degrees of success. The most promising 
experiments were done by Sherry Lewin, 
of the South-West Essex Technical Col­
lege in London, and by the present au­
thor at the University of California and 
Michigan State University. Our work 
thus far has been rather crude, and we 
have not achieved as high an average of 
control as Dr. Schroder did, but the re­
sults definitely seem to bear out hers. 

We begin by collecting rabbit semen, 
using an artificial vagina. At first the 
buck rabbit must be stimulated by a fe­
male, but soon he becomes conditioned 
to the device itself. The ejaculate is ex­
amined to determine its sperm concen­
tration, then diluted and placed in the 
electrophoresis apparatus [see illustm­
tion on page 87J. With no voltage on 
the electrodes the sperm move about at 
random. As soon as a voltage is applied, 
their active motion ceases almost entire­
ly; they line up with their tails pointing 
toward one or the other electrode and 
begin to move toward it. If the current 
is reversed, the sperm also reverse, mov­
ing head first toward the opposite elec­
trode. Soon, however, their tails bend 
around and they eventually line up as 
before, with the tails pointing toward 
the electrode they are approaching. 

Sperm collected at the anode or cath­
ode are then introduced into the uterus 
of the female. First, however, the doe 
must be mated to a sterilized male, be­
cause she ovulates only after copulation. 
In about 30 days the litter is born. It is 
difficult to determine the sex of newborn 
rabbits by simple inspection, so the off­
spring are killed and their gonad tissue 
examined microscopically. 

All told we have had 167 births in 31 
litters. We predicted the sex of the off­
spring correctly in 113 cases, for an 
average of 67.7 per cent [see table on 
this page]. Considering the sexes sepa­
rately, there were 62 successes out of 87 
for females (71.3 per cent) and 51 out 
of 80 for males (63.7 per cent) . Anode 
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STEPS IN THE RACE TO OUTER SPACE 

. Assembling a station "tn space 
This imaginative but technically accu­

rate illustration shows a permanent sat­

ellite (center) being constructed in orbit 

around the earth_ It generates its own 

heat and electricity from solar rays_ 

Basic vegetation (such as algae) for 

oxygen as well as protein-rich foods are 

grown in hydroponic tubes in upper 

level "greenhouses_" 

New vistas in astronomy will be 

opened up by such a space station, 

because of perfect conditions for 

photography and spectroscopy. It will 

also provide unique conditions for ad­

vanced research in physics, electronics, 

weather prediction, etc_ Three such sta­

tions, properly placed, could blanket the 

entire world with nearly perfect TV 

transmission. 

Atomic rocket vehicles with prefabri­

cated skin layers (lower center) pro­

vide building materials for the station, 

then return (bottom) to earth. Similar 

craft will service an established station 

(lower right), docking by electromagnetic 

pull in lower section of station's axis_ 
* * 

Inertial navigation systems will play 
an increasing role in the exploration of 

outer space. AR""A, now providing 

such systems for the Air Force TITAN 

and ATLAS ICBM's, will be in the van­

gua r d  of t h e  r a c e  t o  ou t e r  s p a c e. 

AR""A . .. Garden City, N.Y. A Division of 

American Bosch Arma Corporation. 

AIWERICAN BOSCH ARIWA CORPORATION 
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� � Helping to get 

::- .�.::-' more mileage from 

America's missile dollar 

FIRING missiles costs money. But 
it's necessary to the development of 
our nation's security program. 

Giving America's missilemen ad­
vance assurance of firing perform­
ance is the vital, time-saving, money­
saving job of missile systems test 
equipment manufactured by Farns­
worth Electronics Company. 

This is only one of many impor­
tant ways this expanding midwest­
ern production center of the ITT 
system utilizes its extensive facilities 
for the development, fabrication, and 
assembly of systems and equipments 
for missiles and other advanced 
needs of national defense ... for new 
ways to bring greater efficiency to 
industry ... through electronics. 

Because of its enormous scope, en­
gineers experienced in product de­
sign, packaging, and manufacturing 
processes find at Farnsworth one of 
today's mos t interes ting, challenging, 
and rewarding fields of opportunity. 
That's why so many outstanding men 
in their profession have become a 
part of Farnsworth's 30-year record 
of progress! 

If you'd like to receive a complete pic­
ture of Farnsworth activities at Ft. Wayne, 
Ind., simply write to ITT Technical Place­
ment Office, 67 Broad Street, New York 4. 

FARNSWORTH ELECTRONICS 
COMPANY 
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A Division of 

IN TERNATIONAL TELEPHONE 

AND TELEGRAPH CORPORATION 

67 Broad Street. New York 

sperm produced a ratio of 62 females to 
25 males; cathode sperm a ratio of 29 
females to 51 males. The probability that 
these ratios were the result of chance is 
much less than one in 1,000. Some of 
our trials are known to have been spoiled 
by errors of technique or equipment 
failure, but these results are all included 
in the tabulation. Seven of the litters 
consisted of one sex only, and in each 
case it was the sex predicted. 

On the whole the evidence that the 
two types of rabbit sperm can be 

separated by electrophoresis is convinc­
ing. What makes this possible? Probably 
it is due to differences in the protein 
content of the cells. All protein mole­
cules carry both positive and negative 
charges. Their net charge depends on 
the pH of their environment. When the 
pH is low, they act as positive ions; when 
it is high, as negative ions. In between 
there is a value of the pH for which they 
are neutral. This value, known as the 
isoelectric pOint, differs with different 
proteins. 

Suppose that the proteins in sperm 
cells containing X chromosomes are 
somewhat different from those in sperm 
with Y chromosomes. Then their isoelec­
tric points would also be different. If 
they are placed in a solution whose pH 
lies between the two points, one type will 
be negatively charged and move toward 
the anode; the other will be positively 
charged and move toward the cathode. 
We have analyzed ground-up sperm col­
lected at anode and cathode and found 
that their proteins are in fact different. 

Assuming that our explanation is cor­
rect, why should the sex-control experi­
ments not work 100 per cent of the time? 
Perhaps the isoelectric points of X- and 
Y -type sperm extend over ranges of 
values that overlap slightly. If so, some 
cells will move the "wrong" way. On the 
other hand, an examination of our results 
indicates that the experiments work 
either quite well or not at all. It may 
be that some unknown factors are influ­
encing the efficiency of separation. 

For practical purposes it may be pos­
sible to sidestep these questions entirely. 
In our present apparatus sperm can be 
collected only from one electrode. The 
direction of the applied voltage deter­
mines whether it is the cathode or the 
anode. A new apparatus has been de­
signed in which sperm can be collected 
from both electrodes during the same 
run. If we take only the first cells to 
arrive at the poles, we may very well 
get pure samples of each type. 

But in any case we shall want to satis­
fy our curiosity about the fundamental 

processes involved. A number of new 
investigations are now under way in our 
laboratory at Michigan State University. 
We are examining the electrophoretic 
motions of individual spermatozoa to see 
whether their isoelectric points are dis­
tributed in overlapping ranges. Do the 
sperm tails, whICh respond so drama­
tically to reversals of current, have the 
same kind of charge distributIOn as the 
whole sperm cell? An experiment Oil 
isolated tails should provide the answer. 
Again, electrophoresis is a surface phe­
nomenon; the charges whICh control the 
motions of the sperm must in some way 
make themselves felt at the outer cover­
ing. But whether the difference lies in 
the surface proteins, or in internal pro­
teins which induce a surface charge 
through the covering membrane, is not 
yet known. A chemical analysis of mem­
branes separated from sperm cells will 
give us this information. 

We have also begun to work with 
other animals. At the moment we are 
trying to separate cattle sperm. (Lewin 
has already reported some success with 
human sperm.) 

Our experiments have aroused great 
interest among dairy-cattle breeders. 
They would gain an obvious economic 
advantage by producing mostly heifer 
calves, raising only enough bulls for pur­
poses of reproduction. Furthermore, sex 
control would be an efficient tool in 
breed improvement. Although a good 
deal of work is still to be done, we are 
hopeful that livestock breeders will have 
a workable method of sex control in the 
not-too-distant future. 

62 

+ 
SEX RATIO of offspring produced by 

anode·migrating sperm cells (left) was 62 
females (hatched bar) and 25 males (black 
barl. Sex ratio of the cathode·migrating 
cells (right) was 29 females and 51 males. 
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for tomorrow-minded industrial men 
Here and on the following pages are 

four recent ideas from General Mills 

Industrial Group. Take a look. Per­
haps you'll see a solution to one of 
your industrial problems-or find a 

clue to improving one of your prod-

ucts or an opportunity to create an 
entirely new one for new markets. 
Write to the GMIdea man in the 
division that seems closest to your 
field and we'll show you ways we 
can help. 

A;iii; 
''''00 

Chemical Di?;o� � L ':a' 4 I. S Oilse d Mecha ' Pecial co':: s Division 
nlcal Division mOdltles D' , 

OIL PRODUCTION NOW MADE EASIER 
WITH DIAM 26* TO COMBAT CORROSION 
In primary crude oil production, the crude is often accompanied with a brine 
that is highly corrosive to pumps, pipes, tanks and other metal equipment. 
This damage and resulting loss in production were once major expenses. 
Major oil companies as well as oil well service companies have licked the 
problem with Diam 26, one of General Mills' line of fatty nitrogen derivatives. 
The salts of these fatty diamines are introduced into the well and are 
adsorbed onto metal surfaces-depositing a monomolecular film which shields 
the well parts from corrosion. Wells protected with Diam 26 based products 
function better, require fewer inspections and repairs, remain in production 
for longer periods. 

' 

*N-:-Tallow I, 3·Propylene diamine, General Mills also produces fatty primary and secondary 
ammes, fatty quaternary ammonium compounds and other fatty diamines. 

For more information about our line of fatty nitrogen derivatives contact GM 
Idea man H. T. Von Oehson, Kankakee, Illinois. Chemical Division 

IVlsion 

© 1958 SCIENTIFIC AMERICAN, INC



YOU'RE LOOKING AT THE SUN 
FROM 15 MILES UP 

But how do you get 15 miles up? This was the problem 
Navy scientists faced when their studies required a new 
look at the sun. They went to General Mills balloon spec­
ialists for some of the answers. We built a giant Skyhook 
balloon, the navy equipped it with a special pointing 
mechanism, telescope and camera. The balloon was then 
sent 81,000 feet into space. Results: this scientific first­
the clearest, closest photo ever taken of the sun. In the 
air, on the land, under the sea-advanced concepts from 
the Mechanical Division help explore the future, safe­
guard the present. 

New picture booklet tells how we combine intensive research, creative 
engineering, and precision manufacturing to help keep America fore· 
most in this technological age. For your copy, write Lloyd Pearson, 
1620 Central Ave., Minneapolis 13, Minn. Mechanical Division 
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GMldea INO. 533 for meat packers 

SAUSAGE MAKER USES 

NEW PROTEIN SOURCE 

TO INCREASE PROFITS 

A midwest sausage maker, feeling the 
pinch of tighter margins, sought ways of 
reducing costs without reducing the quality 
of his product. General Mills suggested 
one way and it worked. By switching to 
General Mills New Toasted Soy Protein, 
the sausage maker was able to make sub­
stantial savings in binder cost. (Binder is 
the material used to firm up and blend 
together the meat and flavor ingredients.) 
Not only did his margin increase but custo­
mers liked the new, more wholesome prod­
uct even better and his sales increased too. 

LESS SPILLED MILK TO CRY OVER 
- THANKS TO GUARTEC IN PAPER 

Fret not, Daughter. This carton takes much more abuse than you give it. It's 
made from paper containing Guartec, our trade name for premium guar gum. 
Added to pulp during processing, Guartec cuts refinement time, permits increased 
machine speeds-improves plybonding and stiffness to make food container 
paper board stronger, faster. Guartec also improves surface and printability of 
fine papers, tensile and tear strengths of bag papers, bursting strength of cor­
rugated liners and stiffness of corrugating media. Our newest Guartec disperses 
immediately in cold water, making it the paper makers' easiest-to-use gum. 

For all the facts about Guartec in paper making, contact GMldea man Fred 
Pugh, Minneapolis 26, Minn. Special Commodities Division 
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Dr. Henry Hurwitz, Jr., Ph.D., Harvard 
(1941), is a former faculty member at 
COl'nell University and was a theoretical 
physicist at the Los Alamos Scientific 
Laboratory during Wo1'ld War II. He 
joined General Electric in 1946, worked 
for ten years in the field of fission power 
at the Knolls Atomic Power Laboratory, 
and now serves as manager of the N,,­
eleonies and Radiation Section at the 
General Electric Research Laboratory. 

Forward toward fusion 
General Electric's Dr. Henry Hurwitz, �r., leads 

a long-range progra m in thermonuclear research 

Achieving a controlled thermonuclear reaction­

fusion power - is one of the most exciting chal­

lenges in modern science, but it is also a problem 

whose practical solution seems decades away. Even 

though the final payoff may be far in the future, Gen­

eral Electric believes the goal of an unlimited source 

of energy is so important to man's future that a sub­

stantial research effort in fusion is justified now. 
At the General Electric Research Laboratory, Dr. 

Henry Hurwitz, Jr., is leading a group of scientists 
who are giving their undivided attention to the prob­

lems of achieving and holding the fantastic tempera­
tures - in the range of 100 million degrees - re­

quired to sustain a thermonuclear reaction. Using 

large and complex research equipment which they 
have designed, Dr. Hurwitz and his associates are 

exploring the properties of plasma and the physics of 
magnetic containment. 

General Electric's fusion program is another ex­

ample of a long-range research effort in which scien­

tists are being provided the tools, the incentives, and 
the freedom to seek progress through the acquisition 

of new scientific knowledge. 

Progress Is Our Most Imporft1nf Protl�1 

GENERAL _ ELECTRIC 
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Drilling for Petroleum 
and old sources are depleted, As man's consulnption of oil lncreases 

he must sink more and deeper wells to 

stimulated the development of ingenious 

O
il prospectors drilling an explora­

tory well in western Texas re­
cently reached a depth of 25,000 

feet, and are going even deeper [see 
photograph below]. They have drilled 
the world's deepest well, but they have 
thus far found no oil. The episode is sym-

find it. This necessity has 

new techniques of drilling 

by Sullivan S. Marsden, Jr. 

bolic. As the consumption of oil rises and 
the supply below ground diminishes, 
prospecting must go wider and deeper. 
Prospecting means, above all, drilling. 
The sensitive tools and techniques of the 
geologist and geophysicist can tell where 
oil is likely to be found. But only the 

drilling crew can determine whether it 
is there or not. As prospecting goes on 
to less likely sites, drillers must sink 
greater numbers of deeper wells to dis­
cover the same amount of oil. In the 
U. S., as compared to 20 years ago, they 
are drilling seven times as many wells 

WORLD'S DEEPEST WELL, in western Texas, has passed 25,000 
feet and is going still deeper. The many pipes in the foreground 

symbolize the problems of conventional drilling at these great 

depths. They must be lifted from the hole, disconnected, reassem· 

bled and lowered again every time a drill bit is changed. Friction 

between the turning pipe and the hole causes enormous power losses. 
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and are drilling them on the average 
nearly half again as deep. Yet they have 
not increased at all the amount of oil 
discovered [see illustration on page 102 J. 

The cost of prospecting thus becomes 
an ever larger element in the cost of oil. 
The ingenuity of drillers, however, has 
kept the direct costs of drilling constant, 
though the cost of every other element 
in the operation has risen with inflation. 
What is more, drilling technology has 
now entered a phase of innovation that 
promises to reduce costs and to drive 
wells faster and deeper than ever before. 
Some of the most significant innovations 
coming into use are the product of Soviet 
technology. They involve the simple but 
radical stratagem of moving the engine 
that drives the drill from the surface of 
the ground to the bottom of the hole 
along with the drill itself. This "Russian 
revolution" in drilling will open up the 
crust of the earth to exploration thou­
sands of feet downward to strata which 
can now be drilled only at prohibitive 

1,000 

2,000 

3,000 

4,000 

5,000 

cost, and beyond these to deeper strata 
that cannot be reached by conventional 
equipment 

The oil prospector has a fair idea of 
what his drill bit will encounter as it 
works its way down into the earth. The 
oil he seeks (and the natural gas often 
found with it) originated in the debris 
of life in ancient seas; together with the 
silt in the ooze on the sea floor it was 
transformed by time and pressure into 
oil-bearing shales. From the shales the 
oil seeps upward into overlying sedi­
mentary strata, saturating the pores and 
larger openings in the rock. There it 
may be trapped in "reservoirs" beneath 
an impervious layer of "cap rock." Fre­
quently the oil and its entrapped gas 
"float" upon a layer of brine, a vestige 
of the original ocean waters, which satu­
rates the lower levels of the porous stra­
tum [see illustration below]. Prospecting 
in the beds of ancient seas, the driller 
can expect to find sedimentary rock­
chiefly limestone, sandstone, shale and 

A B 

dolomite-between the surface and the 
oil he seeks, When he drills a "develop­
ment well" near existing wells to tap 
other parts of the same reservoir, he 
knows what sequence of strata he will 
find, But when he sinks a "wildcat" in 
regions not previously drilled, he has to 
depend upon indirect evidence and must 
be prepared for anything. 

His drilling bit will sink quickly 
through shales and some sandstones that 
are so soft they cim be "drilled" by a 
jet of water; it will inch its way through 
dolomites and other sandstones that are 
so hard that they rapidly wear away bits 
tipped with diamond or tungsten car­
bide. In some porous strata the rock may 
contain brine or water under artesian 
pressure, and the well is flooded. In dry 
porous strata the drilling fluid pumped 
down to promote the action of the bit 
may leak away into the rock. A deposit 
of rock salt may dissolve in the drilling 
fluid, creating a troublesome bulge in 
the bore of the well; the swelling and 

c D 

TYPICAL DRILLING PROBLEMS are shown in this cross section 

of an oil field; the vertical scale, somewhat exaggerated, is in feet. 

Oil (light gray) in porous rock strata often floats on brine and is 

overlaid with natural gas; artesian or gas pressure may produce a 

dangerous "gusher:' A poorly located well (A) may strike brine 

instead of oil (B) or gas (C). Directional drilling (D) is used to 
reach oil under urban areas or bodies of water. Wells drilled 

through water.bearing strata (L) may be flooded; dry, porous 

strata (K) may absorb drilling fluids. Oil fields often contain 

deeper oil·bearing strata (N) which are more expensive to explore. 
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sloughing-off of some shales may cause 
a similar irregularity of bore. 

At 15,000 feet, under normal condi­
tions, the driller must contend with tem­
peratures above the boiling point of 
water; under abnormal geological condi­
tions he may run into even higher tem­
peratures, such as the 460 degrees Fahr­
enheit recently measured in a 15,000-
foot well in Texas. High temperatures 
speed up the corrosion of drilling tools 
and change the properties of drilling 
fluids. But the high temperature in a 
deep well also reduces the viscosity of 
the oil, if it is there, and makes it flow 
more readily. The driller must also be 
ready to deal with high pressure as he 
approaches his goal. It can deliver the 
oil without the necessity of pumping, 
but it can also produce a wasteful and 
dangerous gusher. 

The Rrst U. S. oil well was drilled in 
1859 by a technique devised cen­

turies before in China to drill salt wells 
to depths of 1,500 feet or more. This 
technique employs a heavy, chisel-edged 
tool to pound a hole in the rock, much 
as a mason hammers a star chisel into 
brick or mortar. In modern percussion 
drilling the free fall of a heavy drill bit, 
six to eight feet long, cuts away the rock. 
The tool is suspended in the hole by a 
cable and is alternately lifted several 
feet and dropped by the action of a 
walking beam. Water poured into the 
hole (or seeping in from wet formations) 
forms a slurry with the cuttings. Periodi­
cally the drilling must be halted and the 
tool reeled up to permit the bailing of 
the slurry from the hole. 

If water from a wet formation Rlls the 
well to too great a depth, it will check 
the fall of the bit and make drilling 
slower. On these occasions a steel casing 
must be lowered into the hole and ce­
mented in place to seal off the water­
bearing strata, and drilling continues 
with a bit of smaller diameter. If the 
hole passes through several wet strata, 
each stratum may have to be walled off 
in turn with casing of progressively 
smaller diameter. Thus a hole with a 
diameter of more than a foot at the sur­
face may narrow to less than six inches 
at the bottom. 

Percussion-drilling equipment is rela­
tively light, portable, and inexpensive 
to buy and operate. Bits can be reeled 
up and changed in a few minutes, a sig­
niRcant virtue, because even a moder­
ately deep well may wear out dozens of 
bits. The "cable tool" rig still does most 
of the drilling in the Appalachian area it 
opened up nearly a century ago; it re-

mains the most economical drill at mod­
erate depths in hard-rock country where 
water-bearing formations are few. In 
soft rock, however, the lateral play of 
the tool produces an irregular, enlarged 
hole. The swelling of shales may cause 
cave-ins; the tool, trapped in the hole, 
must then be retrieved by tricky and 
time-consuming "Rshing" operations. Be­
low 5,000 feet the motion of the bit, 
bouncing about at the end of a mile of 
elastic steel cable, becomes so erratic 
that percussion drilling loses its efficacy 
regardless of the type of formation. 

rrhe rotary drill, the principal oil-ReId 
drill in use today, Rrst came to the 

fore in 1901 in the Spindletop ReId in 
Texas, where soft sandstones and shales 
made percussion drilling difficult. In 
principle the rotary drill resembles the 
familiar drills we use to cut holes through 
wood or metal; it cuts its way into the 
rock by the abrading, chipping action of 
a rotating bit. The bit is mounted on 
the end of a long steel pipe, and this 
"drill stem" is rotated by a power-driven 
turntable on the derrick floor [see illus­
tration on this page]. At the bottom of 
the hole, just above the bit, a number of 
heavy pieces of pipe called drill collars, 
weighing as much as 50 tons, increase 
the pressure of the bit against the rock. 
The combination of bit, collars and drill 
stem is called the drill string. 

The operation of a rotary drill depends 

ROTARY DRILL, the commonest type in 

this country, owes much of its success to the 

use of drilling "mud" (shown in color here 

and on page 11 0). This carries cuttin gs to 

the surface, lubricates and cools the rotating 

bit and drill pipe and normally prevents in­

trusion of water from "wet" porous strata. 
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I RESEARCH I 

8M I BORG-WARNERI 

SUPERVISING 
RESEARCH 
PHYSICIST 

The expanding Research Center of 
Borg-Wamer Corporation invites 
qualified individuals to investigate 
an outstanding career opportunity 
in solid state research, with re­
sponsibility for administration and 
technical development in this field. 
Must have advanced degree and 10 
years of experience, with excep­
tional background in transistors and 
semi-conductor theory and practice. 
Commensurate salary, liberal bene­
fits, professional development pro­
gram, educational opportunities. At­
tractive suburban Chicago commu­
nity. Address reply to Personnel 
Director. 

RESEARCH CENTER 
Borg-Warner Corporation 

Des Plaines, Illinois 

heavily upon the role of the drilling fluid 
known as "mud." Made of water, col­
loidal clay and various chemical addi­
tives, this viscous fluid is pumped down 
the drill stem and forced through holes 
in the bit just above the cutting ele­
ments. There it lubricates the moving 
parts of the bit and cools both bit and 
rock. It returns to the surface through 
the space between the drill stem and the 
wall of the hole, bearing with it the rock 
cuttings. When not in motion, the mud 
tends to thicken slightly; thus it keeps 
the cuttings from settling to the bottom. 
Its principal function, however, is to pro­
vide hydrostatic pressure to counter­
balance gas, oil or water pressure in the 
formations being drilled. The mud thus 
eliminates the need for casing (except in 
extreme situations) while the hole is be­
ing drilled. If the well strikes oil, how­
ever, it is almost always "cased off" from 
top to bottom to prevent the oil from 
leaking away or picking up water on its 
wav to the surface. 
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The driller must carefully adjust the 
properties of his mud to deal with the 
variety of difficulties met in different 
formations. To offset high pressures he 
may load the mud with some high-densi­
ty material, raising the weight of the 
mud to twice that of water. In highly 
permeable formations, which may liter­
ally suck the mud from the hole, the 
driller will add hay, cottonseed hulls, 
small strips of cellophane, ground up 
sugar-cane fiber, wood, feathers or wal­
nut shells to block the openings in the 
rock. In shales the mud often picks up 
additional colloidal matter and becomes 
too viscous; in gypsum, anhydrite or salt 
it may develop other idiosyncrasies. The 
driller corrects each of these with an ap­
propriate additive. 

In a few special situations drillers 
have been finding that they can get along 
better without mud. At great depths in 
soft rock the pressure of the mud column 
tends to support the rock against the 
chipping of the bit. This problem can be 
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MORE AND DEEPER WELLS must now be drilled to discover the same amount of oil. 

Number of wells drilled (colored curve) has risen sharply since 1935 (figures for previous 

years are not available). Average depth (broken curve) and maximum depth reached 

(vertical lines) have also increased. Oil discovered (black curve) has not increased at all. 
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LIGHTING YOUR WAY TO A SAFER FUTURE 

Safeguarding lives is the aim of Oldsmobile's new 
electronic headlamp aiming device that makes 
sure every Oldsmobile has perfect "see-ability"_ 

Night driving safety depends upon how precisely head­
lamps are aimed. Minute errors in adjustment can mean 
the difference of several square feet in light area on the 
road. To be completely on the "safe side", Oldsmobile 
aiming standards specify that lights be aimed twice as 
accurately as required by state laws. 

To make certain that every light is aimed perfectly, 
Oldsmobile engineers developed an ingenious electronic 
device that effectively measures light intensity and direc­
tion, even at Oldsmobile's highest production rate. 

On the assembly line, every car is automatically shuttled 
to the aiming platform where two probes rise out of the 
floor and "feel" the exact location of the car. T he "eyes" 

OLDSNlOB.LE� 

of the aImIng device then align themselves with the 
centerline of the car. A series of photoelectric cells in­
stantly record the light intensity and direction on large 
dials. A built-in scanning circuit then inspects all set­
tings of the headlamps to make certain they are accurate. 
If there is an error, a colored soap solution is automati­
cally sprayed on the windshield, and the headlamps are 
re-aimed. 

Oldsmobile takes pride in producing an automobile as 
advanced in every respect as modem technology can 
make it. However, you owe it to yourself to have your 
headlamps periodically checked. As part of General 
Motors' public-spirited "Aim to Live" program, your 
Oldsmobile Dealer is featuring headlamp aiming, as 
well as other important safety services for you. Stop in 
soon ... and while you are there, take a test drive in a 
new Olds-sales leader of the medium price class. 

OLDSMOBILE DIVISION, GENERAL MOTORS CORP. 

Pioneer in Progressive Engineering 

... Famous for Quality Manufacturing 
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Correct Lubrication in Action ... 

Mobil 
� ........... � 

43,907 machine 

Complete Engineering Program 

Proved Petroleum Products Mobil 
SOCONY MOBIL OIL CO., INC., and Affiliates: MAGNOLIA PETROLEUM co., GHNERAL PETROLEUM CQRP .... MOBtL OVERSEAS OIL co., INC. 
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production hours saved! 
In three years, Rockwell-Standard Corporation cut downtime 

over 36%-with the help of Mobill 

43,907 machine production hours! A worthwhile 
and profitable bonus. Rockwell-Standard Corpo­
ration's Transmission and Axle Division at Osh­
kosh, Wisconsin, made this saving through a 
Mobil Program of Correct Lubrication. 

Plant maintenance engineers worked as a team 
with Mobil lubrication engineers. First, lubrica­
tion was put on a scheduled basis. This insured 
regular protection . . . cut thousands of repair 
hours. Oil contamination problems were solved 

$19,520 saved on hydraulic-system maintenance. 
Valve failures caused severe production loss on 
multiple-spindle drills, boring machines and grind­
ers. Mobil product solved problem ... increased 
production by 4,000 hours per annum. 

$3,000 air-compressor shutdown and overhaul 
avoided. Severe scoring was occurring in cylinder 
of vitally needed compressor. Mobil recommended 
oil that has kept compressor operating efficiently 
for past two years. 

... major repairs avoided. Mobil laboratories and 
Mobil specialists were called on for technical 
assistance. 

In 1957 alone, this concentrated effort to reduce 
maintenance costs saved $33,063. 1 n addition, dol­
lars gained from increased production were many 
times this amount. This is Correct Lubrication in 
Actioll! Hundreds of plants have found it the an­
swer to improved profits. Perhaps you will, too. 
Why not call a Mobil engineer and find out? 

New storage and mixing tanks with automatic con­
trols were installed as part of Mobil program. This 
system increased soluble-oil storage capacity ... 
simplified oil purchasing ... eliminated manual 
mixing of oil and water ... saved $1,075 per year. 

$27,225 saved on gear hobbers in 12-month period. 
Mobil and Rockwell-Standard personnel solved 
pump and fluid motor failures. New maintenance 
system reduced oil contamination, increased pump­
motor life 400% . 

Correct Lubrication 
Another reason Youre Miles Ahead with Mobil! 
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AT HEWLETT- PACKARD 

..... and here's why 
Many of you running industry are deferring major 

capital investments. But you are interested in inex­

pensive ways to speed research, cut engineering 

costs and retain more profits. Electronic test in­

struments are one of the inexpensive ways to do 

this. More and more companies today are taking 

advantage of such equipment to operate more effi­

ciently and more profitably. In about one day's time, 

one of our 130 field engineers can talk with your 

technical people and determine if electronic test 

equipment can help. A letter from you is all it takes. 

Would you address the letter, please, to W. N. 
Eldred, Vice President, Marketing. 

HEWLETT-PACKARD COMPANY 
275 PAGE MILL ROAD • PALO ALTO, CALIFORNIA 

War/d's largest manufacturer of electronic test equipment-over 300 
basic measuring instruments for Industry, Science and the Military 
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DRILL BITS of many different types are used to solve various 

drilling problems. Shown at left is a fishtail bit. Once widely 

used, it bas now been largely replaced by tbe tricone bit (center), 

tbe toothed cones of which chip away tbe rock with a sbearing ac· 

tion. Tbe core bit (right), set with industrial diamonds, is used to 

cut out solid cylinders of rock needed for geological examination. 

solved in dry formations by dispensing 
with mud and blowing the cuttings out 
of the hole with compressed air as a 
cloud of fine dust. Natural gas, if it is 
available under pressure, is sometimes 
used instead of air, but it creates a fire 
hazard. Air or gas drilling can triple the 
rate of progress in soft rock, and more 
than double it in hard rock. 

When clouds of dust no longer come 
out of the hole, the air or gas driller 
knows that he has hit a wet formation 
and is in for trouble. Water may cause 
the cuttings to stick to the drill, lowering 
the drilling rate sharply and freezing the 
drill string in the hole. Where water 
seepage is slow, the driller can add a 
foaming agent to the air stream and 
bring the cuttings to the surface in the 
foam. With more rapid seepage he may 
have to compromise between air and 
mud drilling by using "aerated mud." 

T he principal working part of the 
rotary drill is, of course, the bit. From 

several dozen highly specialized types 
the driller can select the one best suited 
to a particular formation [see illustration 
above]. The tricone bit, with its three 
rotating cones studded with rows of 
hardened teeth, is perhaps the most 
widely used. The cones rotate on ball or 
roller bearings in such a manner that the 
inner and outer rows of teeth turn at a 
speed slightly different from that of the 
middle rows. This difference in rotation 
adds a shearing action to the chipping. 
The mud stream, squirted at the teeth 
through a number of small holes, pre­
vents accumulation of clay and cuttings. 

The "jet bit" directs a jet of mud 
through one large central hole to cut 
soft rock; the cones on this bit serve 
merely to enlarge the hole and keep it 
at a uniform size. A similar bit has a 
special application in the drilling of wells 
at an angle to reach oil reservoirs under 
urban areas or under water. In this op­
eration the jet is set at an angle to the 
vertical, and the drill string is not rotated 
until the hole is headed in the direction 
desired. 

At times the driller must bring sam­
ples of rock to the surface. For this pur­
pose he uses a core bit with a hollow 
center and a ring-shaped cutting edge, 
usually set with industrial diamonds, 
which cuts out cylinders of solid rock. 

The overwhelming predominance of 
rotary drilling in recent years has tended 
to overshadow the superiority of percus­
sion drilling in hard, dry formations at 
moderate depths. Some drillers, working 
in hard formations, have sought to com­
bine the advantages of the two methods 
by starting their hole with a cable-tool 
rig and shifting to a rotary rig for the 
deeper sections. The hammer drill, a re­
cent invention, brings the principles of 
percussion and rotary drilling together 
in one rig. The hammer mechanism, in­
stalled in a conventional rotary drill 
string between collar and bit, resembles 
the familiar pneumatic hammer of street 
excavators, but is driven by the mud 
stream instead of by compressed air. It 
pounds the bit at 400 to 1,000 strokes 
per minute as the drill string rotates 50 to 
100 times per minute. In some hard for­
mations hammer drilling penetrates 10 

times as fast as ordinary rotary drilling. 
The percussion principle is advanced 

even further in two other drills now in 
the development stage. In the sonic 
drill, a mud-driven sonic generator 
causes a heavy drill collar to vibrate 
vertically up to 300 cycles per second 
to hammer a special bit. The drill string 
is rotated at low speed to make a sym­
metrical hole. The magnetostriction drill 
causes its bit to hammer at high rates of 
speed by taking advantage of the tend­
ency of certain metals to change their 
dimensions when subjected to an intense 
magnetic field. 

As rotary drillers adapt the percussion 
principle to their own style of drilling 
they cannot help contemplating another 
virtue inherent in the cable rig. This is 
the ease with which it is possible to hoist 
the tool from the well for the changing 
of bits. In the rotary drill the same pro­
cedure requires that the entire drill string 
be "pulled" from the hole, disassembled 
into manageable lengths (usually 90 
feet) , stacked vertically in a corner of 
the derrick, then reassembled and low­
ered into the hole again. A single well 
may wear out 100 bits; the lifting and 
lowering of several miles of pipe takes 
hours and also takes longer as the well 
gets deeper. Drillers are tryin g a re­
tractable bit which can be lowered 
through the drill pipe on a cable, then 
expanded and fastened to the bottom of 
the drill string, then retracted and 
hauled up when it wears out. A more 
radical attack dispenses with bits en­
tirely, using instead steel pellets which 
are blasted against the bottom of the 
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For every requireltlent-
MICROSCOPY 

at its finest 
Here is the WILD

*
M·20, internationally 

renowned for its superb optics, tradi· 

tionally fine Swiss craftsmanship and 

almost unbelievable versatility. 

The M·20 microscope is unexcelled for 

research and scientific exploration in 

any field of microscopy. It is available 

with sextuple revolving nosepiece if 

desired, 20·Watt built-in illumination, 

beam·splitting phototube for binocular 

focusing for photomicrography, and a 

full range of attachments for all observa· 

tion methods. 

Attachments include Camera II (shown 

in illustration), Cinetube, Universal 

Lamp, Episcopic Equipment, Phase Con· 

trast and Incident Light. 

Camera II permits continuous binocular 

observation. The phototube deflects 25% 
of light to the binocular tube. A special 

format indicating eyepiece permits 

rapid, perfect focusing. 

Your consideration of the WILD M·20 will 

prove most rewarding. Write for Booklet 

M·20 today. 

"The FIRST name in Surveying Instruments, 
Photogrammetric Equipment and Microscopes 

Full Factory 
Services 

__ ... ____ .. INSTRUMENTS, INC. 

Main at Covert Street • Port Washington, New York 
POrt Washington 7·4843 

In Canada 
Wild of Canada Ltd., 157 Maclaren St., Ottawa, Ontario 
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hole by a mud jet [see illustration at 
right on page 11 OJ. 

The effort to reach greater and greater 
depths, however, exposes an even more 
fundamental weakness in the drill string. 
In a 9,000-foot hole the rotation of the 
drill pipe dissipates in friction with the 
sides of the hole about 90 per cent of the 
power applied at the turntable; in deeper 
holes it wastes even more power. 

T his loss of efficiency shows up clearly 
in drilling-costs. For a 4,000-foot well 

the average direct drilling-cost in 1957 
was about $4.50 a foot (total costs, 
which include casing and many other 
items of equipment, were about $14 a 
foot) . In the deeper sections of a 20,000-
foot well direct drilling-costs increase to 
more than $100 a foot. The total cost of 
such a well now exceeds $1 million; with 
crude oil at $3 a barrel, the well must be 

a good producer to pay for itself. When 
it comes to exploratory drilling, these 
costs look even more forbidding. Even 
in known oil-bearing regions more than 
two exploratory wells out of three are 
worthless "dusters"; the ratio is eight out 
of nine for wildcat wells in previously 
undrilled regions. 

Improvements in drilling technology, 
competition among drilling contractors, 
and rising oil prices have made wells of 
15,000 feet and deeper economically 
feasible. Such wells, however, are still the 
exception. The world-record 25,OOO-foot 
well may be close to the economic limit 
of present drilling methods. Yet sedi­
mentary rock deposits in some areas are 
more than 40,000 feet thick, and there 
seems to be no geologic reason why oil 
should not be found at these enormous 
depths. The history of many rich fields, 
in fact, reveals a sequence of discoveries 

IMPROVED DRILLING TECHNIQUES are typified by the "turbodriJI," whose motive 
power is located in the drill hole rather than on the surface (see diagram on next page). 
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Inslilafors made of TfE·truorocarbon resins are used in coaxial couplers which sample RF power in radar·jamming equipment. (By Narda Microwave Corporation, Mineola, New York.) 

,THE INSIDE STORY: parts that help misguide enemy missiles 
High above the earth a missile reels in unguided Hight 
-its radar blinded by electronic countermeasures. In­
sulation of TFE-Huorocarbon resins . . . in components 
like those shown here, and on wire and cable .. . is 
often vital to the performance of such instruments of 
defense, where reliability is an absolute necessity. 

The insulating spacers shown here must have a low 
dielectric constant and low dissipation factor over an 
extreme range of frequencies, including the microwave 
region. They must withstand severe vibration without 
cracking. They must not absorb moisture. They must 
withstand high temperatures ... and must be unaf­
fected by aging. TEFLON TFE-resins meet all these 

BETTER THINGS FOR BETTER LIVING • . •  THROUGH CHEMISTRY 

requirements in many forms of insulation. 
TFE resins are important materials not only in ad­

vanced military hardware, but also in many industrial 
applications. They offer the maximum in such charac­
teristics as chemical inertness and low coefficient of 
friction. The combination of properties found in TFE 
resins adds up to better performance at a lower total 
cost. Send for technical data and information on uses 
and processing. Write to: E. I. du Pont de Nemours 
& Co. (Inc.), Polychemicals Department, Room 3811, 
Du Pont Building, Wilmington 98, Delaware. 
In Canada: Du Pont Company of Canada (1956) Limited, 
P.O. Box 660, Montreal, Quebec. 

TEFLON Is Du Ponfs registered trademark for 
its fluorocarbon resins, including the TFE (tetra­
fluoroethylene) resins dlscussed herein. 
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-I--i<I+-l;...I�� THRUST 
BEARING 

RBINE 

LOWER 
BEARING 

--\���-BIT 

TURBODRILL is driven by the descending 

stream of mud; its drill pipe does not roo 

tate. By avoiding friction with the sides of 

the hole, it prevents the enormous loss of 

power which cuts down the efficiency of 

conventional rotary drilling in deep wells. 

1 10 

'!F;'�;.;!I..,��- ( UTTINGS 

IJL-,-,;j]jjJJtl��:- ELECTRIC 
MOTOR 

�.L,.4l..::::�-17:W CENTRIFUGAL 
PUMP 

1-l4���bj�� REDUCING 
GEAR 

ELECTRODRILL circulates mud only at 

the bottom of the hole, thus lowering pump· 

ing costs. It can be easily hauled up on its 

cable to change bits or empty the bailer. At 

great depths these advantages overcome its 

lightness and consequent slow drilling rate. 

in successively deeper layers. If the rap· 
idly increasing demand for petroleum 
products is to be satisfied, we must find 
ways of exploring and tapping these 
deep formations. 

It is now clear that the way to bring 
these depths within practical and eco­
nomical drilling range is to place the 
power source that drives the drill at the 
bottom of the hole instead of at the sur­
face. The most successful effort in this 
direction is represented by the turbo­
drill. To drive the bit it employs a long, 
thin turbine mounted on the end of a 
nonrotating drill stem [see illustration 
at far left J. The turbine is driven by 
mud (or sometimes water) pumped 
down from above; the exhaust mud from 
the turbine goes through the bit and 
carries the cuttings to the surface in the 
usual way. 

While the turbodrill seems to have 
been invented at about the same time 
by a number of engineers in several 
countries, it has attained its greatest suc­
cess in the U.S.S.R. In that country it is 
drilling five out of six wells. Its devel-

�@�--PELlETS 

�;;J�I-+-��--PRIMARY 
NOZZLE 

.·:����4-S ECONDARY 
NOZZLE 

PELLET DRILL uses steel balls driven by 

a mud jet to blast away the rock. The mud 

returns to the surface but the balls do not. 
Pellet drilling is still in the experimental 

stage; so far it has shown itself no more 

efficient than conventional, rotary drilling. 
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opment in the U. S. has been intermit­
tent; however, an oil equipment manu­
facturer in Texas has undertaken a large 
development program. A similar device 
under development in this country, the 
dynadrill, is powered by a different sort 
of mud engine. 

Another Soviet development is the 
electro drill-a long, thin electric motor 
which turns the bit through reduction 

gears. The motor also turns a centrifugal 

pump to circulate the mud through a 
bailer and strain out the cuttings. Sus­

pension of the entire apparatus on a ca­
ble makes for maximum speed in bit­
changing and bailing. Since it must be 
kept comparatively light in weight, how­
ever, the electro drill does not exert suffi­
cient pressure to achieve adequate drill­
ing speed. At great depths its virtues 
seem to offset its slower speed. Russian 
drillers sometimes start their hole with 
a turbo drill and shift to an electro drill at 
the 10,000- or 15,000-foot level. 

The most striking Soviet innovations 
set aside drill strings, bits and mud in 
favor of "flame drilling." Soviet journals 

hn-.=t:fl-��� COMBUSTIBLE 
METAL TUBE 

�1�iiH�:-- OXYGEN 

n-�n7--- STEAM 

JACKET 

�I>w.t$--- GAS JET. 

FLAME DRILL, now being experimented 

with in the U.S.S.R., uses a rocket-like jet 

of gas at 2,000 degrees centigrade to melt 

aud blast away rock. A similar device, also 

experimental, produces a 3,500·degree jet by 

means of a mixture of oxygen and kerosene. 

have described one drill which burns a 
metal tube in an oxygen stream tq prQ­
duce temperatures of 2,000 degrees cen­
tigrade-hot enough to melt granite. An­
other burns kerosene and oxygen in a 
3,500-degree jet which not only melts 
rock but partially burns it. So far as we 
know these systems are still in the devel­
opment stage. 

The turbo drill or dynadrill will prob­
ably come into more general use outside 
the U.S.S.R., at least for deep, hard for­
mations; the same may eventually be 
true of the electrodrill and flame drills. 
But no one drill is likely to monopolize 
the field; one or another type of drill will 
always prove best in each combination 
of circumstances. The wide use of rotary 
drilling in the U. S. exerts a certain bias 
in this country toward such modifications 
of that method as the hammer drill and 
retractable bits. 

Recently Soviet publications claimed 
that their engineers have developed 

the equipment to drill a 50,000-foot hole 
-twice the U. S. record and three times 
the Soviet record. Presumably they fig­
ured in terms of turbo drilling followed 
by electrodrilling. A panel of U. S. ex­

perts was accordingly moved to discuss 
whether we, using rotary equipment, 
could do the same. 

They concluded that a 50,000-foot 
hole would need to have a diameter of 
two feet for the first 2,000 feet, decreas­
ing thereafter to six inches at the bottom. 
Casing and drilling pipe of sufficient 
strength are available, but a more pow­
erful turntable would be needed to turn 
a 9)�-mile drill string. The most serious 

problems would be temperature and 

pressure. Depending on local conditions, 
temperatures at the bottom of the hole 
would range from 450 to 875 degrees F. 
Special bits would have to be made from 
heat-resistant alloys, and since present 
drilling muds are stable only to 500 de­
grees, new muds would have to be for­
mulated. Pressures at 50,000 feet might 
reach 60,000 pounds per square inch, 
enough to make some rocks flow in plas­
tic deformation. This would introduce 
the driller to an entirely new order of 

problems. 
The panel did not take up the ques­

tion of cost, but this would probably run 
into the tens of millions of dollars. Even 
if such a hole struck oil, it could not pay 
for itself. It would, however, supply a 
good deal of valuable information on 
temperatures, radioactiVity, and rock 
structures at extreme depths. The scien­
tific value of a 50,000-foot hole might 
make it worthwhile for the Government 
to sponsor it. 
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IBM 
SPECIAL ENGINEERING 

PRODUCTS DIVISION 
ground-floor opportunities 

to creative engineers 
and scientists 

Here's your chance to work on prob­

lems never encountered before . .. 

in small·team efforts that make pos­

sible speedy recognition of your 

contributions. Here, in IBM's newest 

division, you'll find all the ground­

floor opportunities of a new com­

pany, coupled with the security and 

stability of IBM employment. 

The Special Engineering Products 

Division has been created to develop 

precision equipment related to, but 

outside of, IBM's regular line of 

products. Because projects are 

unique, varied, and never routine, 

we are seeking versatile, creative 
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ALEUTIAN ISLANDS, west of Alaska, once supported 20,000 

aboriginal Aleuts in their mist·shronded harbors. The photograph 

ALEUTIAN VILLAGE of Unalaska has a population of 150, three 

fourths of them native Aleuts. Once the center of the Russians' 

112 

at top shows Mount Makushin, an active volcano, towering above 

the cliffs and meadows of Unalaska, second largest of the Aleutians. 

Aleutian trade (note the Russian Orthodox church), it typifi,:s 

the seaside towns in which the surviving Aleuts were consolidated. 
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THE ALEUTS 

These hardy 

for 3,000 
seafarers have lived In the Aleutian Islands 

but their numbers are rapidly dwindling. years, 

They are no\v known to be a southern branch of the Eskimo 

, ,'., 

Schoolbooks have given us a stereo­
typed view of the Eskimos as a 
fur-swathed 'People who live in 

igloos and share a perennially frozen 
Arctic wasteland with polar bears and 
sled dogs. Actually this is an . entirely 
atypical picture that fits only a small mi­
nority of the Eskimo population. More 
than two thirds of the Eskimos live not 
in the ice-locked Far North, but well 
below the Arctic Circle in western and 
southern Alaska, and these people never 
saw an igloo until white men introduced 
it from northern Canada. The Eskimos 
are in fact a far-Rung folk who inhabit 
the broadest stretch of land of any peo­
ple on earth-from Greenland to the 
western tip of the Aleutian Islands, a 
distance of more than 6,000 miles. Be­
cause they are so widely dispersed, they 
have developed cultural patterns as di­
verse as the vast territory they occupy. 

Perhaps the most highly individualis­
tic of all the Eskimos were the Aleuts 
(pronounced "Al-ee-oots"), whose de­
scendants still inhabit the Aleutian Is­
lands. Until two centuries ago they were 
the largest single Eskimo group, with a 
population about 20,000 strong. They 
were a vigorous, inventive people who 
mastered beautifully their stern but rich 
environment. Putting together recent 
archaeological studies and the accounts 
of the Russian explorers who first dis­
covered them, we can draw a fairly com­
plete picture of this extraordinary peo­
ple as they were before the white man 
came and almost wiped them out. 

The home of the Aleuts is an archi­
pelago of volcanic islands-the tops of 
submerged mountains. The more than 
70 islands of the archipelago lie like 
giant steppingstones in an arc between 
North America and Asia. Indeed, they 
were used as steppingstones by the 
Aleuts, who in prehistoric times made 

by T. P. Bank 

their way from island to island almost 
across the North Pacific. Looking at the 
Aleutians on a map, we are immediately 
impressed by two things: the great 
length of the arc (more than 1,000 
miles), and its symmetrical formation­
like a gigantic sieve between the stormy 
North Pacific on one side and the cold 
Bering Sea on the other. Present-day 
mariners know the islands as a danger­
ous stretch of jagged 'coasts, windswept 

rocky headlands, active volcanoes and 
treacherous offshore reefs. U. S. soldiers 
who were stationed there during World 
War II were perhaps more impressed by 
the weather, which is almost invariably 
wet, windy and raw. In summer the is­
lands are enveloped in heavy fogs; in 
fall and winter they are lashed by squalls 
and violent.storms called williwaws. 

Yet in spite of the storms and peren­
nial fogs, the Aleutians have a Temperate 

ALEUTS who have survived civilization now number less tban 1,000. Tbis Umnak Island 

family bas a government.built bouse and wears rubber boots instead of gut "mukluks." 

1 13 
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SALMON CATCH, to be dried and smoked for winter eating, is 

hanled in at dawn hy an Aleut family on Unalaska Island. The 

WEDDING of an Aleut couple takes place in the Russian Orthodox 

church whose exterior may be seen in the photograph at the bottom 

of page 112. The crowns, symbols of the sanctity of marriage, are 

114 

Aleuts eat sea·lion meat, sbellfish, salmon, cod, halibut and porgies. 

and formerly used animal skin and bones for clothing and tools. 

held so they do not· touch the head of the bride or groom. Orthodox 

liturgy and U. S. popular dance music have replaced traditional 

chants and story.telling dances throughout the Aleutian Islands. 
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Zone climate. The most southerly part 
of the chain lies only a few degrees north 
of Seattle. The Japan Current that is 
responsible for California's celebrated 
weather also warms the Aleutians. The 
temperature at sea level rarely drops 
below 25 degrees Fahrenheit, even in 
winter. It is an excellent climate for 
plant and animal life. The broad valleys 
and mountain slopes of the islands are 
covered in summer with luxuriant grass­
es and colorful wildflowers. The rocky 
sea cliffs are home for some of the largest 
colonies of sea birds in the world. And 
the turbulent waters around the islands 
abound in fish, clams, crabs and sea 
mammals. In short, the Aleutians are far 
more habitable than their storms and 
rocky terrain would suggest. 

According to recent dates obtained by 
the radiocarbon method, the Aleuts first 
settled in the islands at least 3,000 years 
ago. Just where they came from has been 
a matter of much speculation. Because 
they are unlike other Eskimos in many 
ways, it was thought for a long time that 
the two groups were not related at all. 
Some scholars believed that the Aleuts 
came directly from Asia by way of Kam­
chatka. Others thought that they were 
descended from American Indians, and 
one bizarre theory had them coming 
from the so-called lost continent of Mu 
in the Pacific. But recent studies have 
established that the Aleuts are without 
doubt a branch of the Eskimo stock, and 
that they reached the Aleutians from the 
Alaskan mainland. Their language, al­
though superficially different, stems from 
proto-Eskimo roots. Physically the Aleuts 
resemble other Bering Sea Eskimos, 
though when they are compared with 
groups living farther away, the similarity 
is less pronounced. Many features of 
their culture-notably their kayak-like 
skin boats, toggle harpoons and stone 
lamps-are typically Eskimo. To clinch 
the matter, recent serological tests have 
shown that the Aleuts and other Eskimos 
have an almost identical distribution of 
blood factors. 

If the Aleuts are Eskimos, the ques­
tion arises: Where did the Eskimos orig­
inate? It is generally agreed that they 
probably came from northwest Asia via 
the Bering Strait many centuries after 
the ancestors of the American Indian 
passed through this same gateway. The 
ancestral Eskimos, or proto-Eskimos, 
probably followed the coast after cross­
ing the Bering Strait, one wave of peo­
ple wandering north and east along the 
Arctic Ocean and another wave going 
south along the Bering Sea. The south­
erly migration eventually reached the 
Aleutians and became the first Aleuts. 

Anthropologists have long puzzled 
over the fact that certain cultural traits 
found in Kamchatka, the Kuriles and 
northern Japan bear a remarkable resem­
blance to parts of Aleut culture. This 
would seem to indicate direct cultural 
exchanges between the Aleuts and peo­
ples on the Asiatic mainland. If so, then 
either the Aleuts or the Asiatics had to 
cross more than 400 miles of rough, open 
sea in small boats-no mean feat even for 
skilled seafarers like the Aleuts. Some 
interesting clues to the mystery were dis­
covered recently when Japanese archae­
ologists digging in northern Hokkaido 
uncovered the remains of an Eskimo-like 
people who briefly inhabited the shores 
of the Sea of Okhotsk 1,000 years ago. 
Accompanying artifacts indicate that 
these Sea-of-Okhotsk Eskimoids may 
have stemmed from northeastern Sibe­
ria, possibly from the same proto-Eskimo 
source that gave rise to the ancestors of 
the Aleuts. If this is true, it would ex­
plain many of the cultural similarities 
found in southwestern Alaska, Kamchat­
ka, the Kurile Islands and northern Ja­
pan. They are remnants of the common 
cultural heritage of two groups of south­
ern Eskimos who inhabited different 
continents. 

Our most direct information about 
what the Aleutian Eskimos were 

like before they were touched by the 
white man's civilization comes from ac­
counts by Russian explorers who visited 
them soon after the Aleutians were dis­
covered by Vitus Bering and Aleksei 
Chirikov in 1741. Unhappily the Aleuts' 
flourishing culture and economy did not 
long survive this discovery. When the 
Bering expedition returned to Russia and 
told of the vast herds of fur animals in 
the North Pacific, fortune hunters started 
a stampede almost equal to the great 
Klondike gold rush that came some 150 
years later. Adventurers, thieves, exiles, 
murderers and princes alike set out to 
plunder this remote region of its treas­
ure. A tide of greed, cruelty and blood­
shed swept over the Aleutian Islands. 
The Aleuts fought back, but they were 
overwhelmed by the superior weapons 
of the Russian hunters. Whole villages 
were wiped out; the population was 
decimated not only by guns but also 
by smallpox, measles, tuberculosis and 
pneumonia. 

In the 1870s the U. S. naturalist Wil­
liam Healey Dall, a student of the fa­
mous Louis Agassiz, conducted the first 
systematic excavation of abandoned 
Aleut village sites, some of whose re­
mains form mounds as high as 30 feet or 
more. Later the Swedish anthropologist 

The remarkable gas-damping feature of 
the Model A501 answers critical missile 
and aircraft testing demands for an ac­
celerometer of accurate, reliable opera­
tion over a wide temperature range . . . 
without the use of a heater iacket. The 
Model A501 produces - flat up to 500 
cycles per second - reliable signals for 
rapidly changing acceleration. 

12401 W. Olympic Blvd., LO$ Angeles, Calif· 
115 

© 1958 SCIENTIFIC AMERICAN, INC



- -- --- -------------------------- ---------
60 70 --' i f 

8---------- -r--- ---- ----1_ 
i ! 

Lake Baikal ! 
- -\ - -

�--�--------- - -- -- % , ---- \ 

::> 

l\� ----

� ..- )('" 
! _//� /\ � 
, /� 7'0 ,; V ! g\--�"- �: /// '\2 

�/ / �N/ /' / I� I i /. j 

80 

ALE U T 

L __ ______ l _70 __ _ 180 170 160 

MIGRATION ROUTES show how the Eskimos and Aleuts of today 

derive from a common stock, the "Proto-Eskimos," who may possi-

I� 
1° 
I 
I � ________ �� _________ �17�5� 

175 180 

I 

180 

THE ALEUTIAN ARCHIPELAGO stretches about 1,000 miles 

westward from the Alaskan Peninsula across the North Pacific. 

The western islands were geographically, genetically and cultur-

1 16 

150 

175 

80 70 

\-------
I , 

140 130 120 

00 

'-

110 

o ... 

o V) 

o -0 

'-0 '" 

bly have come from the Lake Baikal region in Siberia. It is believed 

that the Eskimos and Aleuts diverged more than 3,000 years ago. 

170 165 , -

ST_ PAUL- PRIBILOf 
ISL.ANDS 

ATKA 

160 155 

-
ATKA 

o 
'" 

, 

175 170 165 160 

ally the most isolated. Dots indicate the present Aleut villages. 

There are also a few Aleuts now living in the Shumagins, on the 

Alaskan Peninsula and in Komandorski Islands near Kamchatka. 
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Waldemar Jochelson also dug into the 
Aleuts' past. The most extensive archae­
ological work in the islands was done in 
the 1930s by the late Ales Hrdlicka of 
the Smithsonian Institution. He brought 
back and studied hundreds of Aleut 
skeletons. Unfortunately his failure to 
keep exact field notes made his collec­
tions of Aleutian materials less useful 
than they might have been. 

Since World War II studies of the 
Aleuts have been made by William S. 
Laughlin, now at the University of Wis­
consin, and by the writer of this article. 
Both studies have had the help of mod­
ern techniques such as blood-typing, 
radiocarbon dating and pollen analysis. 
In addition to showing that the Aleuts 
arrived in the islands at least 3,000 years 
ago, the new studies indicate that when 
they arrived the Aleutian climate may 
have been somewhat colder. The subse­
quent change to a Temperate Zone cli­
mate, plus the isolation of the islands, 
undoubtedly had a profound effect on 
the Aleuts' way of life. This is manifested 
by their later culture, which diverged in 
many ways from that of the Eskimos and 
the Indians on the North American con­
tinent. For example, the Aleuts did not 
depend for clothing on the furs of ani­
mals. Their primary concern was keep­
ing dry: they wore rain parkas (kamlei­
kas) made of bird skins or the gut of 
sea mammals: Lacking flint and having 
mainly beach pebbles or boulders to work 
with, the Aleuts made comparatively 
crude stone tools; for want of clay they 
made no pottery. Since the walrus sel­
dom ventures into the southern Bering 
Sea, the Aleuts could not easily collect 
ivory for carvings and for weapons, as 
did the northern Eskimos. Because the 
Aleutians are treeless, and driftwood is 
the only source of wood, the Aleuts never 
built large wooden structures, as did 
some Indian tribes. On the other hand, 
the Aleuts learned to exploit the luxu­
riant plant life of their islands for food, 
for medicines and for poisons which are 
unknown to the northern Eskimos, and 
they attained great skill and artistry in 
basketwork and weaving. Living on the 
edge of a sea that remains open all win­
ter, they developed not dog sleds but 
marvelously seaworthy skin boats. 

The Aleuts were primarily hunters of 
sea mammals-seals, sea lions and 
whales. They wasted nothing of their 
quarry that was edible or usable. When 
a dead whale was brought ashore, the 
Aleuts carved up its meat and fat for 
food. They burned its fat for heat and 
light. They used its ribs and jawbones 
for building; turned its shoulder blades 
into tables or seats, its small vertebrae 
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ANCIENT VILLAGE of the Aleuts is shown in the course of 

excavation by tbe University of Michigan expedition of 1951. The 

ANCIENT BURIAL of two adults and a child was found in the 

same site on Dutch Harbor Island, which is in Unalaska Bay in the 

I 18 

lighter.colored streaks are strata of shells and fishbones which 

were left by the inhabitants. This site is on Dutch Harbor Island. 

eastern Aleutians. Because the bodies were buried under heavy, 

flat stones, all three of the skulls have been completely crushed. 
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into chairs and its bone ends into plates; 
fashioned other bones into harpoon 
heads and daggers; converted the in­
testines to rain parkas, waterproof bags 
and translucent windows for their semi­
subterranean houses; used the sinews for 
thread and cord; and carved the teeth 
and dense pieces of bone into ornaments, 
needles and arrowheads. 

Warriors as well as hunters, the Aleuts 
equipped themselves with formidable 
and ingenious weapons. They had stone 
axes, and from bone they made clubs, 
poniards, knives and spears. Their most 
ingenious military weapon was a com­
pound lance. The barbed head, made 
of bone with a stone point, was exactly 
as long as the depth of a man's body 
from chest to spine; it was mounted on 
the wooden staff in such a fashion that 
once it was driven home it would detach 
itself and lodge irremovably in its victim. 
For protection in combat the Aleut war­
rior often bore a wooden shield or body 
armor made of wooden slats tied to­
gether with sinews. 

Among their peaceful tools and im­
plements were spoons made from the 
breastbone of the duck, bone wedges for 
splitting driftwood, carved bone fish­
hooks, stone axes, scrapers, drills and 
lamps. The artistic talent of the Aleuts 
is best displayed in their basketry. They 
wove exquisite grass mats, colorful bas­
kets, intricately fashioned grass capes 
and grass burial shrouds. To give color 
to their designs they used octopus "ink," 
ochres and vegetable stains as dyes, or 
wove into them small feathers and col­
ored strings of gut. 

p erhaps the Aleuts' highest attainment 
- was their skill and prowess as seamen 

and navigators. In this respect they sur­
passed all other Eskimos. It was not un­
common for Aleut hunters to rove the 
turbulent seas for hundreds of miles, 
paddling for days on end, resting seated 
erect in their skin boats when tired and 
lashing their small craft together to ride 
ou t storms. Russi an explorers reported 
that Aleut hunters at sea "blazed a trail" 
with whitened sea-lion bladders, 
weighted with long ropes and stone sea 
anchors, which they set afloat at intervals 
to mark the route home through the fog. 

The Aleuts put their faith in sun­
light as the potent source of all life. They 
therefore habitually arose with the dawn 
to make the most of the daylight. Water, 
particularly sea water, was thought to be 
a great source of vitality. Before any 
special event or during some kind of 
crisis an Aleut took a ceremonial bath 
in the sea; to insure their stamina 
new-born babies were dipped in the 

surf no matter what the time of year. 
As a warlike people, the Aleuts usual­

ly built their villages on a narrow isth­
mus, a neck of land or a promontory 
between two bays, apparently so that 
they could quickly transfer their skin 
boats from one body of water to the 
other in case of attack from the sea. 
Their dwellings were built underground, 
with only a narrow opening in the sod 
roof as an exit. Near every village was a 
lookout hill (agi'sax'). Here sentries 
watched for enemies, hunters scanned 
the sea for game, and women and chil­
dren searched the horizon for their sea­
faring men, whose return they greeted 
with songs and dances. 

Though ocean hunting was the live­
lihood of all the Aleuts and gave their 
scattered communities a basic cultural 
identity, their customs nonetheless dif­
fered from one island group to another. 
For instance, some Aleuts hunted whales 
and others did not. People on the west­
ern islands made their fish-line sinkers 
of round beach cobbles which they 
grooved around the middle, while else­
where the Aleuts used flat cobbles. Orna­
ments worn by the Aleuts varied consid­
erably, and there were many different 
styles of weapons and dress. Apparently 
isolation from one another, plus a de­
manding environment, stimulated the 
Aleuts' genius for developing new ideas. 
In time certain islands became centers of 
regional culture and of separate dialects. 
As we might expect, differences were 
most marked at opposite ends of the 
1,OOO-mile chain of islands. This is be­
cause the chain, together with its linearly 
dispersed population, acted very much 
like a filter. New ideas originating in the 
eastern Aleutians or on the Alaskan 
mainland had to pass from island to is­
land through this filter before reaching 
the westernmost Aleuts. On the way the 
innovations were often modified or 
blocked by the existence of local culture 
centers, dialects and military leagues 
that broke the flow into eddies. 

The eastern Aleuts, but apparently 
not the westerners, developed the prac­
tice of mummifying their dead. They re­
moved the viscera and other internal 
organs through the pubic region or 
through a hole in the chest and stuffed 
the body cavity with dry sphagnum 
moss. The corpse of a dead chief or of a 
wealthy person was preserved by spe­
cially treating it with fat rendered from 
human brains. It was then tightly bound 
and clothed in bird skins, furs or elab­
orately decorated grass mats. It was se­
creted in a cave or a sheltered place 
among the rocks, often in a lifelike posi­
tion: for example, seated in a skin boat 
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and looking out to sea. Frequently the 
dead man's possessions were buried with 
him, and sometimes slaves were killed 
and immured with their masters. Less 
revered mummies were strung up on 
cave walls with thongs. Some Aleutian 
mummies are over 1,000 years old, yet 
the bodies are well preserved today. This 
practice developed into an important 
cult that played a profound role in the 
life of some of the eastern Aleuts. It 
spread to the middle Aleutians, but ap­
parently was unknown in the western 
islands. 

The Aleuts differed also in physical 
type. Hrdlicka sorted the skeletons 
which he brought back from the Aleu­
tians into two types-broad-headed 
("brachycephalic") and comparatively 
long-headed ("dolichocephalic"). He 
decided that the long-headed skeletons 
represented a people entirely different 
from the broad-headed ones. Hrdlicka 
called the long heads "Pre-Aleuts." He 
held that the Aleutians were populated 
in two migration waves, and that the 
Pre-Aleuts reached the islands about 
1,000 years ahead of the broad-headed 
Aleuts. No one has found any evidence, 
however, that links the supposedly ear­
lier long heads and the later broad heads 
to the remains of different cultures. Re­
cently William Laughlin was able to 
show that long heads as well as broad 
occur in the living population. The long 
heads are found mostly in the western 
Aleutians, the broad heads mostly in the 
east. Laughlin concludes that the later 
migration of broad heads never reached 
the western islands. 

T here is, however, another explana­
tion for the two physical types. In 

my opinion, the Aleutians were popu­
lated in a single, slow-moving wave of 

migration. It reached the Aleutians at 
least 3,000 years ago; the Aleuts are in 
fact one of the oldest Eskimo peoples in 
the New World. This migration was 
never a mass movement of large num­
bers of people, but rather consisted of 
sporadic movements by small family 
groups over a long period of time. Is­
lands may sometimes have been popu­
lated by members of a single family with 
a genetic make-up very different from 
that of the over-all Aleut norm. Gradu­
ally the Aleut population spread itself 
thinly across the whole Aleutian archi­
pelago. It became separated, like a hu­
man chain whose links were not all 
jOined. Under such conditions, and con­
sidering the isolation of some island 
groups, it is easy to see how gene drift 
or the genetic eccentricity of local strains 
could lead to considerable variation. This 
was enhanced in the eastern part of the 
chain in recent times by more frequent 
mixing between eastern Aleuts and 
mainland Eskimos; the western Aleuts 
had far fewer opportunities to marry 
outside their own island groups. 

We shall have very little chance to 
learn much more from the Aleuts them­
selves. Today they live in a few scattered 
villages at river mouths, where we and 
the Russians before us have herded 
them. Their number has dwindled to less 
than 1,000. Despite efforts by the U. S. 
Indian Service, the decline continues. 

I t is a picture all too familiar to an-
thropologists: a once-thriving, inde­

pendent people, admirably disciplined 
for life in a rigorous environment, now 
impoverished, diseased and spiritually 
weakened, its ancient culture all but de­
stroyed. The story might serve as a lesson 
to us. But it is probably too late to save 
the southernmost of our Eskimos. 

WEAPON POINTS used by the Aleuts are shown in this photograph. The three at bot­

tom are darts for hunting. At top are detachable war lance heads described in the text. 
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OXYGEN 
t he 

exact 

amount 

you need 

You get it instantly-from LINDE 
You have no worries whatever about an I;lmple, dependable supply 
of oxygen for yow' process when you buy oxygen from LINDE. Full 
responsibility for production, transportation, and storage at your 
plant is assumed by LINDE. 

Tonnage oxygen. Large amounts of liquid or gaseous oxygen can 
be supplied from a full-scale oxygen production unit - built and 
maintained by LINDE - directly to your plant. You pay only for 
the oxygen you use, at a price guaranteed by LINDE, with no capi­
tal investment on your part_ 

For varying needs. A DRIOX oxygen storage unit provides a con­
tinuous flow of liquid oxygen, or converts it automatically to gas_ 
Constant pressure is maintained, even while the unit is being 
replenished. Or you can get LINDE oxygen in a single flask, a 
cylinder, or banks of cylinders. 

Take advantage of LINDE's 50 years of development 
and service in the industrial ga� field! Write, phone, 
or wire Dept. Rll.' LINDE COMPANY, Division of 
Union Carbide Corporation, 30 East 42nd Street, New 
York 17, N. Y. Offices in other principal cities. In 
Canada: Linde Company, Division of Union Carbide 
Canada Limited. 

When you need Oxygen-call LINDE! 

The terms "Linde," "Driox," and "Union Carbide" are registered trade·marks of Union Carbide Corporation. 
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on the Chemical Newsfront 

LEATHER COLORS OF UNUSUAL LIGHTFASTNESS are pro­
duced by CALCOFAST* dyes, which are also outstanding for 
levelness, clarity and transparency. Termed "metallized 
dyes" because of the introduction of a metal into the 
molecule, CALCOFAST dyes produce a full range of medium 
and pastel shades on leathers tanned with basic chrome 
sulfate or a combination of the chrome compound and 
synthetic tanning materials. Applied in the same manner 
as acid and direct dyes, CALCOFAST dyes are soluble in 
water and compatible with commonly used anionic and 
non-ionic wetting agents and water-soluble finishes. 

(Organic Chemicals Division) 

WHEN METALLIC IONS CLOUD YOUR PRODUCT, the 
trouble can often be cleared up with CYQUES-r'Bl 40 
sequestering agents. Metal ions, present in only a few 
parts per million, can spoil color, cause turbidity, catalyze 
degradation reactions and otherwise affect product quality. 
CYQUEST 40 sequestering agent seeks out such di- and 
tri-valent metal ions and binds them securely as stable, 
soluble chelates. By isolating these ions, CYQUEST 40 
eliminates problems in processing, shipping, storage and 
use of chemical products. (Industrial Chemical Division) 
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FADE-OMETER TESTS of polyvinyl 
chloride, as well as exposure tests con­
ducted in Florida and Arizona, demon­
strate the effectiveness of Cyanamid's 
CYASORB* light absorbers. Use of small 
percentages of CYASORB UV 24 in PVC, 
for example, prevents discoloration. 
embrittlement and other forms of de� 
gradation usually caused by outdoor 
exposure. Because CYASORB UV 24 ab­
sorbs strongly in the ultraviolet range 
and is unaffected by the absorption 
process, it gives long-lasting protection 
to UV -sensitive materials. 

(Organic Chemicals Division) 

NEW PROTECTION FOR LAYING HENS is provided by ARZENE* arsenoso­
benzene, the first coccidiostat to be accepted by the U. S. Food and Drug 
Administration for use with laying hens as well as broilers. ARZENE is being 
marketed by Cyanamid to feed manufacturers as a stable premix which is 
especially effective against the parasites that cause coccidiosis. Continuous 
feeding of ARZENE enables birds to develop immunity against troublesome 
species of coccidia. Extensive trial work shows the compound also stimulates 
growth and improves feed efficiency. (Agricultural Division) 

*Trademork 

w 
� 
I-

o 5 
Concentration of 

Antioxidant 2246, p.p.m. 

;w 

GRAPH SHOWS EFFECTIVENESS of Cyanamid's 
ANTIOXIDANT 2246® as an oxidation inhibitor. 
Tests were conducted with 200-gram samples 
of a-pinene at 70° C with a continuous stream 
of oxygen bubbling through them. The induc­
tion period required before oxidation begins 
varies linearly with the concentration of anti­
oxidant. Similar data indicate the usefulness 
of ANTIOXIDANT 2246 in other fats and oils, 
paraffin wax, petroleum products and as a 
polymerization inhibitor in chemical processes. 
Further data on chemical and physical prop­
erties and test results are available on request. 

(Market Development Dept.) 

AMERICAN CYANAMI D COMPANY 
30 ROCKEFELLER PLAZA. NEW YORK 20, N. Y. 

For further information on these and other chemicals, call, write or wire American Cyanamid Company 
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He's making sure 

the tomatoes 

taste good 
The tin coating on food cans does not have to be thick-but 
it is important that it be evenly distributed to give sure protec­
tion for the contents. But how can you measure and inspect 
a coating that's almost as thin as a shadow? 

U. S. Steel does it with the unique X-ray gage you see in the 
picture. A beam of X-rays is directed at the tinplate. The rays 
penetrate the tin coating and cause the iron atoms in the steel 
base to fluoresce and emit X-rays of their own. As these new 
X-rays emerge from the base, they are partially absorbed by 
the tin coating. The X-rays finally leaving the tin are measured 
by a geiger counter and this reveals the amount of absorption 
and, therefore, the coating weight. 

Research work like this being carried on continually at our 
Research Center at Monroeville, Pa., is one of the factors that 
accounts for the consistent high quality of all types of steel 
made by United States Steel. 

USS is a registered trademarl, 

@ United States Steel 
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Body Water 

Water accounts for 60 per cent of the weight of an adult 

man. The proportion decreases slowly with age, 
maintained within narrow limits from one day to 

by A. V. Wolf 

but it is 

the next 

W
hat part of the weight of an 
animal is represented by water? 
The answer depends upon, 

among other things, whether the animal 
is fat or lean. Water accounts for two 
thirds of a thin cat, but only one third 
of a fat pig. Young animals are more 

watery than old ones. On the average 
an early human embryo is 97 per cent 
water; a newborn baby, 77 per cent; an 
adult man, 60 per cent. The water con­
tent of the human body falls rather 
sharply from birth to an age of about 
four years, when it levels off. Indeed, 

among mammals in general, the propor­
tion of water in the body drops in this 
manner until "chemical maturity," or 
relatively constant composition, is at­
tained after about a 20th of the life span. 
Still, body water continues to diminish 
slowly with age. As the body dries out, 
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TOTAL BODY WATER is divided into compartments for the 

convenience of the physiologist. The percentages in this chart are 

fractions of the total body weight. Extracellular water is outside the 

cells; intracellular water, inside. Some of the extracellular water 

0 0 0 0 0 0 0 
0 0 0 0 

0 
0 

(ciscellztlar) is in the blood plasma and the interstices between 

cells; some (transcellztlar) is inside hollow organs. Dots indicate 

distribution of substances used to study body water: beavy water 

(gray), radioactive sodium (white) and Evans blue (colored). 
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its metabolism, as measured by its rate 
of oxygen consumption, slows down. In 
an adult human being oxygen consump­
tion per unit of body water does not 
change with age, as though the water 
content of the body were a measure of 
its vital activity. It would appear that 
the flame of life is sustained by water. 

This dependence on water may be 
conveniently observed in an earthworm. 
A healthy worm, when it is stimulated, 
wriggles in a way which makes it attrac­
tive both to anglers and to fish. Exposed 
to air, it loses both water and liveliness; 
before half of its fluid is gone it is quies­
cent. At this point it may still be revived 
by water. But if it is dried still more, its 
chances of recovery will diminish. Only 

certain simpler organisms can survive 
extreme desiccation. 

This fact underlies one of the defects 
in a World War II plan to provide for 
all the needs of U. S. troops abroad. To 
prevent spoilage and conserve precious 
space, vast quantities of food were be­
ing shipped in dehydrated form. It was 
suggested that wives and sweethearts 
could also be transported in this way. 
At the happy destination, it would only 
be necessary to add water. For better or 
worse, however, neither women nor men 
can stand much drying out; they have 
large water requirements which must be 
regularly met. 

This is not the case with all animals. 
Grain weevils and the larvae of the 

WATER COMPARTMENTS are more realistically illustrated in this still highly schematic 

drawing. The round shapes are blood cells; the square shapes with rounded corners are 

tissue cells. The intracellular water is indicated by the dark gray tone. The light gray tone 

represents the plasma water within the blood vessels; the lighter hatched areas, the inter· 

stitial water; the darker hatched areas at bottom, the transcellular water in a hollow organ. 
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clothes moth get along without liquids 
in their diet and live on air-dried foods 
usually containing less than 10 per cent 
water. The kangaroo rat may ingest no 
free fluid after weaning; the desert ante­
lope of North Africa and the wild ass of 
the Gobi Desert, appear to do without 
drinking water. Curiously, certain ani­
mals maintain almost a constant per­
centage of water in their bodies regard­
less of access to water. Deprived of fluid, 
rats and mice stop eating food that is 
too dry and die after losing one third of 
their original body weight. Both solids 
and water disappear in the same propor­
tion from their tissues, and their bodies 
contain a constant 70 per cent of water. 

\Vater pervades all tissues and organs, 
but physiologists maintain the con­

venient fiction that body water is com­
partmentalized: part of it is in the blood­
stream, part is inside the cells, and part 
fills the spaces in the body cavities and 
between the tissue cells [see illustration 
on preceding page]. Actually body water 
scarcely recognizes anatomical bounda­
ries-it diffuses, percolates, and other­
wise migrates about the body. The wa­
ter in the bloodstream, for instance, 
passes continuously and rapidly across 
the enormous collective surface of the 
capillaries; if we could suddenly label 
all the water molecules in the blood, 
perhaps only half the labeled molecules 
would remain in the bloodstream one 
minute later. At any one moment, how­
ever, about 8 per cent of the body water 
appears to be confined to the blood plas­
ma; 25 per cent is accounted for by the 
fluid other than blood which lies among 
the cells of tissues; 60 per cent lies 
within the cells. In addition there is a 
disconcerting fraction of the body water 
which behaves in some ways as though 
it were inside the cells, but is strictly 
speaking a part of the extracellular fluid. 
This "transcellular" water mainly occu­
pies the cavities of hollow organs such 
as the gut. Its functions are diverse. It 
lubricates the jOints and other areas 
where organs rub and slide past each 
other; it acts as a protective distributor 
of pressures on various structures, in­
cluding the developing fetus; it distends 
the eyeballs at the pressure needed to 
maintain their form and function. On 
occasion it serves as an emergency source 
of water; the feces then become drier 
and the eyeballs soften as they lose fluid. 

To measure the quantity of water in 
the body it is possible to chop an animal 
into small pieces, dry the pieces in an 
oven at 100 degrees centigrade for a 
week or so, and note the loss of weight 
due to the evaporation of water. This 
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Butyl's superior shock absorption characteristics reduce 
amplitude of lIounce in much less lime '5 compared' 

wIth other rubbers. 

Enjay Butyl, because of its higher damping factor, absorbs 
shock energy more completely than any other rubber. Through 
simple variations in compounding or processing, you can 
build the right degree of resiliency for your requirements. 
Butyl is the ideal rubber for motor mounts, load cushions, 
sound deadener insulation, axle and body bumpers-and 
other shock, noise and mechanical vibration applications. 

Butyl also offers outstanding resistance to weathering and 
sunlight ... chemicals ... heat ... abrasion, tear and flexing 
... unmatched electrical properties and impermeability to 
gases and moisture. 

Find out how this versatile rubber can improve your prod· 
uct. Call or write the Enjay Company, today! e Pioneer in Petrochemicals 

� NJAY 
ENJAY COMPANY, INC., 15 West 51st Street, New York 19, N. Y. 
Akron· Boston· Charlotte· Chicago. De/roit· Los Angeles . New Orleans· Tulsa 

127 

© 1958 SCIENTIFIC AMERICAN, INC



procedure is not convenient with men 
or horses, and it has the additional draw­
back that it cannot be repeated with the 
same animal. But the body can be con­
sidered a sort of container, and there are 
several ways of measuring water in a 
flask or vessel. One method is to add a 
known amount of some freely soluble 
and identifiable substance, mix it thor­
oughly, remove a small sample of the 
solution and analyze it for the concen­
tration of the substance. The volume of 
fluid in the container can then be cal­
culated by dividing the concentration of 
the test substance into the known 
amount of it dissolved in the fluid. The 
substance used to measure body water, 
however, must not only be freely soluble 
in water; it must also be readily distin­
guishable from other substances in the 
body, nontoxic and able to diffuse quick­
ly throughout all the body water. In ad­
dition it should not be destroyed by the 
body's metabolism, and should not be­
come more concentrated in some parts 
of the body than in others. No one will 

u 

DRINK 1,650 

"PREFORMED" l:J WATER 

OXIDATIVE 

� WATER 

INTAKE 

be surprised to learn that few substances 
meet all these conditions. 

Urea, antipyrine and its derivatives, 
and water labeled with hydrogen iso­
topes (deuterium or tritium) have all 
been employed to measure the total 
body water. Within an hour after they 
have been injected into the bloodstream 
or swallowed, these substances dif­
fuse through the body water. Their 
diffusion is so complete that analy­
sis of their concentration in the blood 
yields a reliable measurement of total 
body water. 

T o measure the water contained in the 
several compartments of the body 

calls for variations of the same strategy. 
The ideal substance for measuring the 
"extracellular" compartments must dif­
fuse in and out of the circulatory system 
readily and work its way into all the 
interstices. among cells, but must not 
cross the cell membranes. Actually no 
known substance quite fills these specifi­
cations, although cane sugar, ions such 

1,700 URINE 

~ SKIN 

� LUNGS 

I 150 J FECES 

/ � 
OUTPUT 

WATER BALANCE is maintained by taking in water in an amount equal to that lost each 

day. In a typical day, a man may gain about 2,750 cubic ceutimeters of water by driuking 

fluids, by eating foods containing "preformed" water, and by the oxidation of food. This bal· 

ances losses by excretion of urine and feces and by evaporation through skin and lungs. 
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as thiocyanate, and radioactive chloride, 
sulfate and sodium are frequently used. 
There are, however, other ways of meas­
uring extracellular volume. One ingeni­
ous approach, applicable to isolated or­
gans, was employed by the late Frederick 
L. Truax of the University of Rochester 
to determine the extracellular space of 
rat liver. First he made a photomicro­
graph of a thin section of the organ and 
weighed the photographic print. Then 
he carefully cut out the spaces between 
the images of the cells and reweighed 
the print. Since this organ has a suffi­
ciently uniform structure throughout, 
simple arithmetic yielded the ratio of 
extracellular space to total liver vol­
ume. 

Having measured the total body wa­
ter and the extracellular water, then by 
subtraction one can obtain the intra­
cellular water. Unfortunately materials 
which diffuse into all of the extracellular 
space in an isolated organ such as a 
muscle may not work so well in the or­
ganism as a whole, and they may par­
ticularly fail to find their way into the 
trans cellular water pockets. Such a sub­
stance will give a low value for extra­
cellular volume; instead the figure will 
approach the "ciscellular" volume [see 
illustmtion on page 125J. Thus the trans­
cellular water will end up incorrectly 
counted as intracellular water. Mathe­
maticians who insist, on topological 
grounds, that the water inside the gut 
cavity is outside the body do not make 
matters easier. 

The portion of the cis cellular water 
in blood plasma can be determined in a 
somewhat roundabout way by the use 
of a dye known as Evans blue. Then, by 
subtracting the water in the plasma 
from the ciscellular fluid, we can esti­
mate the volume of water contained in 
the interstitial spaces of the tissues. 

The amount of water in the body is 
regulated with noteworthy precision. At 
24-hour intervals the weight of a man 
may vary little more than one third of a 
pound, which sets an order of magnitude 
for the variation of his body water. The 
body normally maintains a balance be­
tween water intake and water loss. If 
the body loses much water-as a conse­
quence of exercise, say-it acts to reduce 
the deficit. The urine excreted decreases 
(but does not entirely cease); thirst de­
velops, and as a result water is drunk 
more rapidly than it is lost by evapora­
tion and excretion. Conversely, if there 
is an excess of water, the body speeds up 
its elimination of water. The rate of urine 
formation accelerates and exceeds the 
relatively constant gain of water from 
the oxidation of foodstuff in the body; 
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ALLEN-BRADLEY electronic components 

H OT M OLDED COMPOSITION 
RESISTORS-Quality standard of 
the industry. Rated at 70'C, in 2, 
1, 1/2, 1/4, and 1/10 watts. Res. 
to 22 meg. Tal,S, 10, and 20%. 

INDUSTRIAL-Type H with solid, 
hot molded resistor element. 
Quiet, improves with use. life 
over 100,000 cycles. Rated 5 
watts, 40'C; and 3 watts, 70'C. 

TV CORES, including lightweight 
flared yokes; U, l, and 0 cores 
for color convergence; U and E 
flyback cores; and others. AU 
ha've uniform magnetic properties. 

CERAMIC DIELECTRIC capacitors 
of superior quality, in a wide 
variety of types-GP (single and 
dual) - with no "rundown" on 
leads. Also, as Te and stobie. 

Allen-Bradley Co_ 
134 W. Greenfield Ave. 

Milwaukee 4, Wis. 

In Canada: 
Allen-Bradley Canada Ltd. 

Galt,Ont. 

The standard of quality for 
long life and dependable performance 

STANDARD-Type J. Solid molded 
element. Quiet, reliable. Roted 2 
watts, 70°C. Values to 5 meg.­
less than 10% change in 100,000 
cycles. Exceeds MI L-R-94B. 

HIGH FREQUENCY low pass cas­
caded ceramic filters for elimina­
tion of radiation. Max ratings: 
500 v DC at 125°C; RF current 
0.25 amp; DC or LF current 5 amp. 

CERAMIC ENCASED capacitors for 
Use where reliability and superior 
performance at high temp ore 
important. Rated 500 v DC at 
150° C. Tal, 5%, 10%, and 20%. 

HIGH HMPERATURE-Type K. 
Similar t� Type J but �ated 3 
watts, 70 C; 2 watts, 100 C; and 
I watt, 125°C-derate to zero at 
150°C. Many types and topers. 

PRINTED CIR CUIT TYPE-Solid 
molded element. Rated 1/4 watt 
at 70°C. Type F is only 1/2" in 
diam. Screwdriver adjustment. 
Total resistance values to 5 meg. 

FEED-THRU & STAND-OFF dis­
coidal capacitors for VHF and 
UHF range. No parallel resonance 
effects at 1,000 Mcps or less. 
Nominal values 4.7 to 1,000 mmf. 

(}f � 

COPPE R CLAD-Metal panel 
mounting, insulated composition 
resistor supplied in two ratings: 
3 and 4 watts at 70'C, and 4 and 
5 watts respectively at 40'C. 

M INIATURE-Type G. Solid 
molded element. Only 1/2" in 
diam. Plain or lock bushing; also 
with line switch. Rated 0.5 watt 
at 70°C. Values to 5 megohms. 

THIN TYPE-Uses molded cover 
as actuator. Type T has solid 
molded element. Rated 1/2 watt 
at 70°C. Life in excess of 50,000 
cycles. Total values to 5 megohms. 

BARE DISC ceramic capacitors for 
direct mounting in printed circuit 
boards. Mechanically strong to 
avoid breakage in handling, in­
stalling, and soldering. 

ALLEN-BRADLEY 
��(]UnUTy",J 

ELECTRONIC COMPONENTS 
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vantage 
point 

High ground once was the best ground 
for studying and solving a problem in 
defense. Today, the vantage point is 
more likely to be an advanced weapons 
analysis team. 

At Chance Vought, such teams are 
developing new weapon-system con­
cepts for the control of sea and of 
space. These men are drawing from 
-and advancing-the farthest limits 
of knowledge in propulsion ... aero­
dynamics ... physics ... electronics. 

Performing these analyses are engi­
neers and scientists of exceptional 
curiosity, drive and talent. They are 
men of varied backgrounds and inter­
ests. For them, responsibilities have 
increased as the goals have enlarged. 
A d d i t i o n a l  men are needed to fill 
demanding posts. 

Chance Vought's astronautics team 
probes an area where qualified special­
ists are needed to assume immediate 
responsibility. Here, Vought needs 
men experienced in the sciences of 
flight mechanics, upper air meteorol­
ogy, aerothermodynamics, magneto­
hydrodynamics, heat transfer and 
hypersonics. Needed, too, are men 
who can advance studie s  in nuclear 
rockets and ramjets. 

Specialties in other areas where 
additional help is needed are equally 
forward-looking: oceanography and 
sonar, for example; or tactical, war­
game and operations analyses. In fact, 
qualified men in virtually every area 
of advanced weapons analysis can find 
a vantage point at Vought. 
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For further information, write: 

A. L. Jarrett, Manager, Advanced 

Weapons Engineering, Dept. SA-5. 
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PER CENT OF BODY WEIGHT 

HOW WATER BALANCE IS MAINTAINED is shown in this diagram devised by E. F. 
Adolph of the University of Rochester. When the body is dehydrated (left of zero water 

load), gain by drinking (hatched) exceeds water loss via urine excretion (light color) and 

evaporation from lungs and skin (dark color). When there is an excess of water in the body 

(right of zero water load), urine output increases and drinking stops so that water loss 

exceeds the small gain from the oxidation of the hydrogen of foodstuff (broken line). These 

regulatory processes compensate for deficits or excesses of water and tend to bring the body 
to a zero water load, where the curves of total gain (black line) and loss (colored area) cross. 

the loss of water by evaporation through 
the skin and lungs is added to that lost 
in the urine. Thirst is absent at such a 
time, so that water is not drunk. In both 
water-excess and water-deficiency the 
rate at which the Ruid content returns 
to normal is nearly proportional to the 
amount of water which the body must 
lose or gain. To obtain a concrete idea 
of how gain and loss factors operate in 
the water balance of the human body, 
the reader may consult the illustration 
on the next page. 

I t is remarkably difficult for a human 
being voluntarily to achieve a large 

change in his body water. Ordinarily a 
man becomes thirsty when he has lost 1 
per cent of his normal water content, and 
will take steps to restore the deficiency. 
If circumstances enforce increaSing wa­
ter losses, the gentle tickle of thirst be­
comes a burning discomfort which seems 
to increase without limit [see "Thirst," 
by A. V. Wolf; SCIENTIFIC AMERICAN, 
January, 1956]. Shortly before dehydra­
tion results in death, however, thirst 
abates. 

D. J. Larrey, surgeon-in-chief of Na­
poleon's army in Egypt and Syria, de­
scribed this paradoxical phenomenon in 
his account of how in 1798 the French 
crossed part of the Libyan Desert with­
out food or water. Broiled by the sun as 
they crossed a fearsome terrain, the most 
vigorous soldiers suffered excruciating 
thirst. "Called too late for some of them," 
wrote Larrey, "my help was useless and 

they died as if snuffed out. This death 
seemed to me sweet and peaceful; as 
one of them told me in his last living 
moment, he experienced an inexpressi­
ble comfort .... " 

So much for water-lack. The reverse 
condition of water-excess provokes dif­
ficulties hardly less formidable. The 
man who sets out to drink a consider­
able quantity of water must overcome 
a growing disgust for it; indeed, en­
forced drinking (the "water cure") was 
early recognized as a method of torture. 
The drinker's kidneys tend to eliminate 
the water in a Rood of urine; but if he 
persists in his guzzling, perhaps because 
of some pathological compulsion, a pe­
culiar condition known as "water intoxi­
cation" may develop. Headache, nausea, 
weakness, confusion, lack of cOOl·dina­
tion, staggering gait, tremors and muscle 
twitches, shouting delirium, convulsions, 
coma and even death supervene. These 
symptoms are produced not primarily by 
the water, but by a relative lack of salt, 
for the concentration of salt in the body 
Ruids diminishes as its water volume in­
creases. Taking salt thus relieves the dis­
ease of water intoxication, just as drink­
ing water relieves the disease of thirs� 
created by an increase in salt intake. 

Related to water intoxication is the 
"heat cramp" which afflicts coal miners, 
stokers, steel workers and others who 
labor in a hot environment, sweat pro­
fusely and then unfortunately drink wa­
ter too copiously. Heat cramp consists 
of a localized muscular contraction 
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Rome Cable reports ... 

PROPERTIES OF "MYLAR" 
"Mylar" offers a unique combi­
nation of properties that may help 
you improve performance and 
lower costs of your product. Here 
are two of the many important 
properties for evaluation. 

HIGH TENSILE STRENGTH. "Mylar" 
is strong and durable. Instron Tester 
shows average strength of 20,000 psi. 

HIGH DIELECTRIC STRENGTH. Av­
erage of 4,000 volts per mil .. . avera.l!e 
power factor of 0.003 at 60 cycles. 

Du Pont Mylar® helps eliminate 
in manufacture of cable for 

reject problem 
"Titan" ICBM 

PROBLEM: In designing its instrumenta­
tion cable for the "Titan" ICBM proj­
ect, Rome Cable Corporation wanted 
a thin, abrasion-resistant tape to protect 
the insulated conductors from possible 
puncture by loose strands of the tin-cop­
per braid (See C in illustration). They 
were also searching for a thin, heat-re­
sistant core binder tape to prevent pos­
sible puncture from the outer braid (See 
A) during extrusion of the cable jacket. 

SOLUTION: A tape of Du Pont "Mylar" 

<[0 POfID 
Ir;.U.S.pI>.T.Orr 

BETTER THINGS FOR BElTER LIVING 

polyester film for both applications (See 
B&D). Reason: "Mylar" has the desired 
balance of mechanical and electrical prop­
erties ... it's tough, abrasion- and punc­
ture-resistant, even in thin gauges. 
"Mylar" has a high melting point • • •  

runs well on existing machinery. 

RESULTS: The two tapes of "Mylar" elimi­
nated shorted cables due to puncture 
from loose strands of metal. Solving this 
problem has helped Rome Cable stabi­
lize production, save money on time and 

materials and produce a cable that as­
sures better performance and greater re­
liability in the ICBM. 

How can "Mylar" help you? Whether 
you manufacture high-voltage cable or 
tiny components, it will pay you to evalu­
ate the outstanding combination of prop­
erties found only in "Mylar." Figured on 
an area basis, this tough, thin polyester 
film will often cost less than materials you 
are currently using. For more detailed 
information, send in the coupon below. 

*"MYLARU is Du Pont's registered trademark lor its brand of polyester film. 
r----------------------------
I E. I. du Pont de Nemours & Co. (Inc.) 

I Film Dept., Room SA-ll, Nemours Bldg., Wilmington 98, Del. 

• • •  THROUGH CHEMISTRY I Please send the booklet listing properties, applications and types 

I 
of "Mylar" polyester film available (MB-ll). 

DU PONT 

MYLAR® 
POLYESTER FILM 

I 
I 
I 
I 
I 

Applicalion __________________________ _ 

Name __________________ Tirle _________ _ 

Company ___________________________ _ 

Address ___________________________ ___ 

I Cily Slale I 
L __________________________________ � 
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� ...... ��'V'"ftI'::: 
� ELECTRONIC·OPTICAL RECORDER "Catalog of Ideas" 
This Catalog describes the new Datasync 

multi·channel magnetic tape Recorder 

which also takes a motion·picture on 

the same Photo·Tape! 
I f you are engaged in Data Recording 

for Military or Civilian Applications, 

and want to know more about this new 

"breakthrough", we will send you 

without charge this 40 page color 

"Catalog of Ideas". Please request on 

your official or business letterhead. 

This Catalog is available to others at 

our cost of Three Dollars each. 

Electronic·Optical Recording Systems 
are priced at $12,000.00 and up. 

� ...... ��'V'"ftI'::: 
� A DIVISION OF 

BERNDT-BACH, INC. 
6936 Romaine Street I HO-2 tttD 
Los Angeles 36, Calif. 0931 "9 

ElECTRONIC·OPTICAl INSTRUMENTS SINCE 1931 
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which produces a hard knot. It affects 
only a few bundles of muscle at a time; 
never an entire mass of muscle. But as 
one group of muscle bundles relaxes, an 
adjacent group contracts; the cramp thus 
wanders painfully through the muscle. If 
a man gets an attack while lifting a 
heavy weight, cramp may occur in the 
arms, legs or abdomen. In sevei'e attacks 
it has taken half a dozen men to hold 
down the victim and straighten out the 
affected limb. 

Heat cramp tends to occur in con· 
tracted muscles, in which the cells con­
tain more than the normal amount of 
water, and in which the salt content of 
the extracellular fluid is low. Since 
sweating causes the loss of salt, a man 
drinking water in moderate amounts, but 
without ingesting salt, may dilute the 
salts of his body fluids somewhat as in 
water intoxication. Even if he drinks no 
more than he needs to restore his normal 
water content, relatively speaking he 
overdrinks; his body fluids become as 
dilute in salt as they would if he had 
been drinking water in excess. A 
sweating man usually practices "vol­
untary dehydration"; usually he un­
consciously refrains from drinking 
enough to completely replace his lost 
fluids until he has had an opportu­
nity to regain salt at mealtime. This 
voluntary dehydration is a physiologi­
cally charted course between the Scylla 
of water deficit and the Charybdis 
of abnormally low salt concentration 
in the body fluids. As in the case of 
water intoxication, the administration 
of salt rapidly relieves or prevents heat 
cramp. The ritual of taking salt tablets in 

4 
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hot weather, however, is for most people 
usually unnecessary. 

A comparison of the water require­
ments of various animals reveals 

some interesting, though tantalizingly 
obscure, relationships. In animals rang­
ing in weight from a fraction of an ounce 
(for a mouse) to several tons (for an 

elephant), the logarithm of the average 
rate of water intake plotted against the 
logarithm of the body weight results in 
a straight line [see illustration below]. 
This indicates that water intake in dis­
similar animals varies according to the 
.88 power of body weight. An amazing 
assortment of biological variables (e.g., 
heart rate, urine flow, blood volume, ni­
trogen excretion) is similarly governed 
by a characteristic power of the body 
weight. 

Also intriguing is the time required 
for an organism to turn over a weight 
of water equal to its body weight. To 
achieve this feat a microscopic fresh­
water amoeba requires seven hours, a 
mouse five days, a dog or a cow two 
weeks, a man or a horse four weeks, 
and a camel three months. The ani­
mals having the lowest known require­
ment for water per unit of surface 
area are the meal-worm larva and 
the tortoise. The meal worm turns 
over its weight in water in five 
months, and the tortoise does so in 
a year; the rate in both cases is 
.0003 gram per square centimeter per 
hour. A cactus, as might be expected, 
outdoes all animals, and can live for 29 
years on an amount of water which 
weighs only as much as it does. 
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WATER INTAKE of mammals from mouse to elephant shows a constant relationship to 

weight. When the logarithms of weight and water intake are plotted, the values fall close 

to a straight line whose slope indicates that water intake varies as the .88 power of the weight. 
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from Laboratory Fittings to Pill Dispensers . . .  

Product improvement inspired by FORTIFLEX 

These applications of the remarkable new Celanese 
poly olefin plastic Fortiflex are typical of dozens­
hundreds-of industrial products and components that 
are already being made of this material ... and the list 
of new products and design improvements inspired 
by Fortiflex is growing daily. For Fortiflex possesses 
many of the desirable features of polyethylene . . .  plus new 
rigidity, new strength, new surface lustre. It's resistant 
to acids and alkalis, heat and cold; it's structurally 
strong; and it's economically molded. Fortiflex is 
presently available in four melt indexes developed 
to accommodate a wide range of conditions and 
applications of interest to designers and manufacturers. 
For more information and/or test quantities, 
please use the coupon. Celanese® FortiHex® 

Fortiflex ... a C �e.. plastic 

Canadian Affiliate: Canadian Chemical Company Limited, Montreal, Toronto, Vancouver. 
Export Sale,�: Amcel Co., Inc., and Pan Amcel Co., Inc., 180 Madison Avenue, N. Y. 16 

TYPICAL PHYSICAL AND CHEMICAL PROPERTIES OF FORTIFLEX 

Properties of Fortiflex "A" Related ta Melt Index 

PHYSICAL PROPERTIES ASTM METHOD 
Melt Index • . . • • • • • • • • • • • •  0·1238·52T 
Heat Distortion Temp. (66 psi) 0-648.45T 
Brittleness Temp . • • • • • • • . . • •  0·7 64-52T 
Impact Strength, izod . . . . • . .  0-256-54T (V," x Y2" injection-molded bars) 
Tensile Strength, 

Max., 0.2 in./min . • . • • • • • •  0-63 8-52T 
Elongation, First Tensile 

Yield Point • . • • . . . . • • . . • •  0-638-52T 

UNITS 
OF. 
OF. 
ft. lb./in. 
notch 

psi 

% 

FORTIFLEX RESI NS 
A·20 A.70 A·250 A·500 

0.2 0.7 2.5 5.0 
185 185 180 180 

-200 -180 -160 -100 
23 1 8  13 3 

3700 

25 

3600 

25 

3500 

25 

3300 

25 

Properties of Fortiflex "A" Not Affected by Melt Index 
PHYSICAL PROPERTIES ASTM METHOD UNITS 
Density. • . . • • . . • • . . . • . . . . . • • • . . • . . . . . . . . . glee. 
Refractive Index • • • . . . . . • . . • . • • . . . • . . . • . . . •  0-542-50 n� 
Hardness, Shore D • . • • . . . . • • • . • • . . . . . . . . . . .  0-676-49 T 
Stiffness . . . • • • . . . . . . . . . . . . . . . . . . . . . . . . . . .  0-747 -50 psi 
Water Absorption . • • . . . . . . • • . • • • . • . . . • • • • •  0-570-54T %. wgt. gain (V," specimen, 24 hr. immersion @ room temp.) 

VALUE 
0.96 
1.54 

65 
150,000 

<0.01 

Flammability • • • • • • • • • • • • • • . . • • . . • • . . • • . • . •  0-635-44 in./min. 1.0 
*Mold Shrinkage, length . . . • . . . . . . . . • • . • . . . . . . . • . . . . . . . .  in./in. 0.03 to 0.05 

width . • • . . • . . . . . . . . . . . . . . . . • . . . . . • . . .  in./in. 0.02 to 0.04 
-Measured on injection molded tensile bar. Mold shrinkage depends on part design and molding conditions. 

----------------------------------------------_. 

Celanese Corporation of America, Plastics Division, 
Dept. 192-K, 744 Broad Street, Newark 2, N. J. 
Please send: 0 more information on, 0 test quantities of Fortiflex. 
Nome _________________ Title _____ . ______ _ 

Compony ______________________________ _ 

Addr.ss _____________________________ _ 

City _____________________ State ________ _ 
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just one voice 

The air you breathe is crowded-with radio 

signals. 24 hours a day, radio stations, ham 

operators, ships at sea, police cars, military 

aircraft, space vehicles, and others fill the air 

waves. Problem: to select one signal from this 

crowd of signals. 

Hughes Precision Crystal Filters select this 

"one voice" many times more effectively than 

standard tuning devices. A picture of the 

Hughes Crystal Filter unit would tell you 

nothing-it's just a tiny black box somewhat 

smaller than a package of cigarettes. But 

within this box are several tiny wafers of pure 

quartz about half the diameter of a dime 

which are united with complex electronics cir­

cuits. Designed and manufactured by Hughes 

Products Division, precision crystal filters 

are of crucial importance in military radio 

communications, telemetering, radar and 

navigation, missile guidance and other ad­

vanced electronic applications. 

Precision crystal filters are just one of the 

many HUGHES products that are creating a 

new world with electronics. HUGHES diodes, 

transistors, rectifiers, cathode-ray storage 

tubes and other components and complete 

electronic systems are designed and manu-

factured to standards of excellence and relia­

bility that are the highest in the industry. 

Hughes scientists and engineers-more than 

5,000 of them-comprise a research and devel­

opment team of unprecedented scope, experi­

ence, and technological creativity. If you 

Engineers and Physicists at HUGHES pTobe the 
frontiers of science to constantly advance the 
technology of solid state physics. 

manufacture or use electronic equipment, we 

will welcome the opportunity to demonstrate 

how this great team's talent can be put to 

work solving your problems-and increasing 

your profits. 

HUGHES PRODUCTS 
International Airport Station, Los Angeles 45, California 

-----------------------------------------, I I 
Creating a new world with ELECTRONICS I 

I HUGHES PRODUCTS : 
I I 
I I 
I I L _________________________________________ � 

© 19!58. HUGHES .... IRCRAFT COMPANY 
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MATHEMATICAL GAMES 
How rectangles, including squares, can 

be divided into squares of unequal size 

by Martin Gardner 

C
an a square be subdivided into 

smaller squares of which no two 
are alike? This enormously dif­

ficult problem was long thought to be 
unsolvable, but now it has been defeated 
by translating it into electrical-network 
theory and back into plane geometry. 
Here William T. Tutte, assistant pro­
fessor of mathematics at the University 
of Toronto, presents a fascinating ac­
count of how he and three fellow stu­
dents at the University of Cambridge 
finally squared the square. 

"This is the story of a mathematical 
research conducted by four students of 
Trinity College, Cambridge, in the years 
1936-38. One was the author of this 
article. Another was C. A. B. Smith, now 
a statistical geneticist at University 
College London. He is also well known 
as a writer on the theory of games and 
the counterfeit-coin problem. Another 
was Arthur H. Stone, now researching 
recondite regions of point-set topology. 
He is one of the inventors of the Hexa­
gons described in an earlier issue of 
Scientific Amel'ican. The fourth was 
R. L. Brooks. He has now left the aca­
demic world for the British Civil Service. 
But he retains an enthusiasm for mathe­
matical recreations, and an important 
theorem in the theory of graph colorings 
bears his name. These four students re­
ferred to themselves with characteristic 
modesty as the 'Important Members' of 
the Trinity Mathematical Society. 

"In 1936 there were a few references 
in the literature on the problem of cut­
ting up a rectangle into squares of un­
equal size. Thus it was known that a 
rectangle of which one side was 32 
units long and the other 33 units could 
be dissected into nine squares with sides 
of 1, 4, 7, 8, 9, 10, 14, 15 and 18 units 
(Figu1'e 1). Stone was intrigued by a 
statement in Henry Ernest Dudeney's 
The Canterbul'Y Puzzles which seemed 
to imply that it was impossible to cut 
up a squa1'e into unequal smaller 

136 

squares. He tried to prove the impossi­
bility, without success. He did, however, 
discover a dissection of the rectangle of 
sides 176 and 177 into 11 squares. 

"This partial success fired the imagi­
nation of Stone and his three friends, and 
soon they were spending much time on 
the problem. The construction of 'per­
fect rectangles' (the term used by the 
group to denote any rectangle cut up 
into unequal squares) proved to be quite 
easy. The method used was as follows. 
First we sketch a rectangle cut up into 
rectangles, as in Figure 2. We then think 
of the diagram as a bad drawing of a 
squared rectangle in which the small 
rectangles are really squares, and we 
work out by elementary algebra what 
the relative sizes of the squares must be 
on this assumption. Thus in Figure 2 we 
denote the sides of two adjacent small 
squares by x and y. We can say that the 
side of the square immediately below 
them is x plus y, and then that the side 
of the square next on the left is x plus 2y, 
and so on. Proceeding in this way we get 
the formulas shown in Figure 2 for the 
sides of the 11 small squares. These 
formulas make the squares fit together 
exactly except along the one segment 
AB. But we can make them fit on AB 
too by choosing x and y to satisfy the 
equation: (3x + y) + (3x - 3y) 
(14y - 3x). This reduces to 16y = 

9x. Accordingly we write down x = 16 
and y = 9. This gives the perfect rec­
tangle of Figure 3, which is the one 
first found by Stone. 

"Sometimes this method gave nega­
tive values for the sides of small squares. 
It was found, however, that such nega­
tive squares could always be converted 
into positive ones by minor modifications 
of the original diagram. In some of the 
more complicated diagrams it proved 
necessary to start with three unknown 
squares of sides x, y and z, and to solve 
two linear equations instead of one. 
Sometimes the squared rectangles ob­
tained proved not to be perfect, and 
the attempt was considered a failure. 
Fortunately this did not happen very 
often. We recorded only 'simple' perfect 

rectangles, that is, perfect rectangles 
containing no smaller perfect rectangles. 

"In this first stage of the research large 
numbers of perfect rectangles were con­
structed, their 'order' or number of com­
ponent squares ranging from nine to 
26. In the final form of each rectangle 
the sides of the squares were represented 
as integers without a common factor. Of 
course we all hoped that if we con­
structed enough perfect rectangles by 
this method we would eventually obtain 
one which was a perfect square. But as 
the list of perfect rectangles lengthened, 
this hope faded. 

"In the next stage of the research we 
abandoned experiment for theory. We 
tried to represent squared rectangles by 
diagrams of different kinds. The last of 
these diagrams, introduced by Smith, 
suddenly made our problem part of the 
theory of electrical networks. 

"Figure 4 shows a perfect rectangle 
together with its Smith diagram. Each 
horizontal line in the rectangle is repre­
sented by a dot, or 'terminal,' in the dia­
gram. In the figure the terminal is placed 
so that it lies on a continuation to the 
right of its corresponding horizontal line. 
Any square in the rectangle is bounded 
above and below by two of the horizon­
tal lines. Accordingly it is represented by 
a line, or 'wire,' that joins the two cor­
responding terminals. We imagine that 
an electric current can How in each wire. 
The magnitude of the current is nu­
merically equal to the side of the cor­
responding square, and its direction is 
from the terminal representing the up­
per horizontal line to the terminal rep­
resenting the lower one. 

"Surprisingly enough, the electric cur­
rents assigned by the above rule do obey 
Kirchhoff's laws for the How of current 
in a network, provided w.e take each 
wire to be of unit resistance. Kirchhoff's 
first law states that, except at the poles, 
the algebraic sum of the currents Howing 
to any terminal is zero. This corresponds 
to the fact that the sum of the sides of 
the squares bounded below by a given 
horizontal line is equal to the sum of 
the sides of the squares bounded above 
the same line, provided of course that 
the line is not one of the horizontal sides 
of the rectangle. The second law says 
that the algebraic sum of the currents 
in any circuit is zero. This is equivalent 
to saying that when we describe the cir­
cuit, the net corresponding change of 
level in the rectangle must be zero. 

"The total current entering the net­
work at the positive pole, or leaving it 
at the negative pole, is evidently equal to 
the horizontal side of the rectangle, and 
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Figure 7 

the potential difference between the two 
poles is equal to the vertical side. 

"The discovery of this electrical anal­
ogy was important to us because it linked 
our problem with an established theory. 
We could now borrow from the theory 
of electrical networks and obtain formu­
las for the currents in a general Smith 
diagram and the sizes of the correspond­
ing components squares. The main results 
of this borrowing can be summarized as 
follows. With each electrical network 
there is associated a number calcu­
lated from the structure of the net­
work, without any reference to which 
particular pair of terminals is chosen 
as poles. We called this number the 
complexity of the network. If the units of 
measurement for the corresponding rec­
tangle are chosen so that the horizontal 
side is equal to the complexity, then the 
sides of the component squares are all 
whole numbers. Moreover, the vertical 
side is equal to the complexity of another 
network obtained from the first by iden­
tifying the two poles. 

"The numbers giving the side of the 
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39 42 

3 

36 33 

Figure 8 
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rectangle and its component squares in 
this system of measurement were re­
spectively called the 'full' sides and the 
'full' elements of the rectangle. For some 
rectangles the full elements have a com­
mon factor greater than unity. In such 
cases, dividing by the common factor 
gives the 'reduced' sides and elements. 
It was the reduced sides and elements 
that had been recorded in our catalog. 

"The discovery of the Smith diagram 
simplified the procedure for producing 
and classifying simple squared rec­
tangles. It was an easy matter to list all 
the permissible electrical networks up 
to 11 wires, and to calculate all the cor­
responding squared rectangles. We then 
found that there were no perfect rec­
tangles below the ninth order, and onlv 
two of the nin th ( F igu1'es 1 and 4). 
There were six simple ones of the 10th 
order and 22 of the llth. The catalog 
then advanced, though more slowly, 
through the 12th order (67 simple per­
fect rectangles) and into the 13th. 

"It was a pleasing recreation to work 
out perfect rectangles corresponding to 
networks with a high degree of sym­
metry. We considered, for example, the 
network defined by a cube, with corners 
for terminals and edges for wires. This 
failed to yield any perfect rectangles. 
However, when complicated by a diag­
onal wire across one face, and Battened 
into a plane, it gave the Smith diagram 
of Figure 5 and the corresponding per­
fect rectangle of Figure 6. This rectangle 
is especially interesting because its re­
duced elements are unusually small for 
the 13th order. The common factor of 
the full elements is six. Brooks was so 
pleased with the rectangle that he made 
a jigsaw puzzle out of it, in which each 
piece was one of the squares. 

"It was at this stage that Brooks's moth-
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er made the key discovery of the whole 
investigation. She tackled Brooks's puz­
zle and eventually succeeded in putting 
the pieces together to form a rectangle. 
But it was not the squared rectangle 
which Brooks had cut up! The Important 
Members met in emergency session. 

"We had sometimes wondered wheth­
er it was possible for two different per­
fect rectangles to have the same shape. 
We would have liked to obtain two such 
rectangles with no common reduced ele­
ment, and thus to get a perfect square 
by the construction shown in Figure 7. 
The hatched regions in this diagram rep­
resent the two perfect rectangles. Two 
unequal squares are added to make the 
large perfect square. But no rectangles 
of the same shape had hitherto appeared 
in our catalog, and we had reluctantly 
come to believe that the phenomenon 
was impossible. Mrs. Brooks's discovery 
renewed our hopes, despite the fact that 
her rectangles failed in the worst possi­
ble way to have no common reduced ele­
ment. 

"There was much excited discussion 
at the emergency session. Eventually the 
Important Members calmed down suffi­
ciently to draw the Smith diagrams of 
the two rectangles. Inspection of these 
soon made clear the relationship be­
tween them. 

"The second rectangle is shown in 
Figure 8, and its Smith diagram in 
Figure 9. It is evident that the network 
of Figure 9 can be obtained from that 
of Figure 5 by placing the terminals 
P and P' at the same pOint. As P and P' 
happen to have the same electrical po­
tential in Figure 5, this operation causes 
no change in the currents in the indi­
vidual wires, no change in the total cur­
rent, and no change in the potential dif­
ference between the poles. We thus have 
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R.EPOR.T FR.OM IBM • YOR.KTOVVN R.ESEAR.OH OENTER., NEVV YOR.K 

Low temperatures for high-speed circuitry 

Certain metals and allovs lose their resistance to electricitv at 
temperatures close to absolute zero. They become "super-�on­
ductors." Investigations by Dr. D. R. Young and others at the 
IBM Yorktown Research Center are directed toward the utili­
zation of this unique property in the development of small­
size, high-speed switches with increased logical capacities. 

Interestingly, when a "super-cond\lctor" is exposed to 
certain magnetic fields, it reverts instantly to an ordinary 
conductor. One experimental switching device that takes ad­
vantage of this property has been constructed at IBM. In 
essence, it is a "sandwich" of glass, tin, silicon monoxide and 
lead. The device is immersed in liquid helium to bring it close 
to absolute zero. The tin strip becomes a "super-conductor," 
so current flows readily through it. When a current is applied 

to the lead strip it creates a magnetic field. As a result, the 
tin strip is no longer a "super-conductor" and now has elec­
trical resistance ... it is "off." Remove the magnetic field 
and it is "on" again. This then is an "on-off" device, or switch, 
that is expected to work at speeds much greater than present 
switch capacities. There are no moving parts to wear out 
and 1,000 such devices can be mounted on a bit of glass only 
a few inches square. 

In addition to these experiments, the study of matter at 
very low temperatures is being applied to other areas at 
IBM. The immediate objective is to apply the results to the 
development of device formulations which will greatly accel­
erate arithmetic speed and increase the logical capacity in 
electronic computers of greatly reduced size. 

Investigate the many career opportunities available in exciting new fields at IBM. Ifni �ESEA�CH 

International Business Machines Corporation, Dept. 659Y, 590 Madison Avenue, New York 22, New York 
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a simple electrical explanation for the 
fact that the two rectangles have the 
same reduced sides and elements. 

"But why do P and P' have the same 
potential in Figure 5? Before the emer­
gency session had broken up it had also 
obtained an answer to this question. The 
explanation depends on the fact that the 
network can be decomposed into three 
parts meeting only at poles Al and A2 
and the terminal A3. One of these parts 
consists solely of the wire joining A2 and 
A3. A second part is made up of the 
three wires meeting at P', and a third is 
constituted by the remaining nine wires. 
Now the third part has threefold rota-

Al�----------______ __ 

tional symmetry, with P as the center 
of rotation. Moreover, current enters or 
leaves this part of the network only at 
Av A2 and A3, which are equivalent 
under the symmetry. This is enough to 
insure that if any potentials whatever 
are applied to AI' A2 and A3, the poten­
tial of P will be their average. The same 
argument applied to the second part of 
the network shows that the potential of 
P' must also be the average of the po­
tentials of AI' A2 and A3• Hence P and 
P' have the same potential, whatever po­
tentials are applied to AI' A2 and A3; 
and in particular they have the same 
potential when Al and A2 are taken as 

poles in the complete network and the 
potential of A3 is fixed by Kirchhoff's 
laws. 

-

"The next advance was accidentally 
made by the present writer. We had 
just seen Mrs. Brooks's discovery com­
pletely explained in terms of a simple 
property of symmetrical networks. It 
seemed to me that it should be possiblc 
to use this property to construct other 
examples of pairs of perfect rectangles 
with the same reduced elements. The 
obvious thing to do was to replace the 
third part of the network in Figure 5 
by another network having threefold ro­
tational symmetry about a central ter­
minal. But this could be done only under 
severe limitations which should now be 
explained. 

"It can be shown that the Smith dia­
gram of a squared rectangle is always 
planar, that is, it can be drawn in a plane 
with no crossing wires. Moreover, the 
drawing can always be made so that no 
circuit separates the two poles. There is 
also a converse theorem which states 
that if an electrical network of unit re­
sistances can be drawn in a plane in this 

�_� __ ...... ___ � ___ � ____ � _____ � P' way, then it is the Smith diagram of 
some squared rectangle. 

Figllre 10 

Al�--------____ __ 

"My problem was to replace the third 
part of the network shown in Figure 5 
by a new symmetrical network with 
center P, in such a way that the complete 
network would not only be planar, but 
remain planar when P and P' were coa­
lesced. After a few trials I found two 
closely related networks satisfying these 
conditions (Figw'es 10 and 1 1). As was 
expected, each diagram allowed of the 
coalescence of P and P', and so gave 
rise to two squared rectangles with the 
same reduced elements. But all four rec­
tangles had the same reduced sides, and 
this result was quite unexpected .

. 
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"Essentially the new discovery was 
that the rectangles corresponding to 
Figures 10 and 11 have the same shape, 
although their reduced elements are not 
all the same. A simple theoretical ex­
planation of this was soon found. The 
two networks have the same structure, 
apart from the choice of poles, and 

,.....--�-r--E-----�----�...:.....:...----� P' therefore the rectangles have the same 

Figure 11 

full horizontal side. Moreover, the net­
works remain identical when poles are 
coalesced, and therefore the two rec­
tangles have the same vertical side. We 
felt, however, that this explanation did 
not probe deep enough, since it made 
no reference to rotational symmetry. 

"We agreed to refer to the new phe­
nomenon as 'rotor-stator' equivalence. It 
was always associated with a network 
which co�ld be decomposed into two 
parts, the 'rotor' and the 'stator,' with 
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Figure 12 

the following properties. The rotor had 
rotational symmetry, the terminals com­
mon to the rotor and stator were all 
equivalent under the symmetry of the 
rotor, and the poles were terminals of 
the stator. In Figure 10, for example, the 
stator is made up of the three wires join­
ing pI to AI> A2 and Aa, and the wire link­
ing A2 with Aa. A second network could 
then be obtained by an operation called 
'reversing' the rotor. With a properly 
drawn figure this could be explained as 
a reflection of the rotor in a straight line 
passing through its center. Thus starting 
with Figure 10 we can reflect the rotor in 
the line P Aa, and so obtain the network 
of Figure 11. 

"After studying a few examples of 
rotor-stator equivalence the researchers 
convinced themselves that reversing the 
rotor made no difference to the full sides 
of the rectangle, and no difference to 
the currents in the wires of the stator. 
But the currents in the rotor might 
change. We were able to obtain satis­
factory proofs of these results only at a 
much later stage. 

"A tantalizing question now arose. 
What was the least possible number of 
common elements in a rotor-stator pair 
of perfect rectangles? Those of Figures 
10 and 11 had seven common elements, 
three of which corresponded to currents 
in the rotor. The same rotor with a stator 
consisting of a single wire A2Aa and the 
extra terminal Al gave two perfect rec­
tangles of the 16th order with four com­
mon elements. Using a one-wire stator 
there seemed no theoretical reason why 
we should not obtain a pair of perfect 
rectangles having only one element, cor­
responding to the stator, in common. But 
we saw that if we could do this we could 
also obtain a perfect square. For with 
the rotors of threefold symmetry which 
we were studying, a one-wire stator al­
ways respresented a corner element of 
each corresponding rectangle. From two 

This is one of a series of professionally informative messages on 

RCA Moorestown and the Ballistic Missile Early Warning System. 

BME"'\VS AND THE 

SYSTEMS ENGINEER 

Military science, in its need for large-scale, complex 
automatic equipment, has provided the environment 
for the evolution of the modern systems engineering 
concept. To meet the challenge of defense electronics 
particularly, this comprehensive and logical ap­
proach to engineering has steadily grown into a 
discipline in its own right. 

BMEWS, a military electronics system of immense 
proportions, requiring the cooperative development 
efforts of four major corporations operating under 
RCA leadership, vigorously demonstrates the role 
of systems engineering in modern technology. Con­
ceived by the Department of Defense and RCA sys­
tems engineers in 1955, BMEWS is evolving from 
mathematical model to hardware maturity entirely 
within the framework of the systems concept. The 
systems engineer is using his special tools of infor­
mation theory, computing, probability, operations 
research, linear programming and other techniques 
to resolve the complex challenges of early detection 
of enemy ICBMs. 

As an architect of defense, the RCA Moorestown 
systems engineer is also giving close scrutiny to the 
equipment requirements of the space vehicle age 
and to the physics of the generation of weapons 
beyond. 

Engineering scientists who are interested in joining 
the Systems Engineering activity at 
RCA Moorestown are invited to ad­
dress inquiries to Mr. W. J. Henry, 
Box V-llL. 

RADIO eORPORATION o"AMERleA 
MISSILE AND SURFACE RADAR DEPARTMENT 

MOORESTOWN, N. J. 
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perfect rectangles with only a corner 
element in common we could expect to 
obtain a perfect square by the con­
struction illustrated in Figure 12. Here 
the hatched regions represent the two 
rectangles. The square in which they 
overlap is the common corner element. 

"Naturally we got to work at once 
calculating rotor-stator pairs. So it came 
to pass that Smith and Stone sat down 
one day to compute one complicated 
pair while Brooks, unknown to them, 
worked on another in a different part 
of the College. After some hours Smith 
and Stone burst into Brooks's room cry­
ing, 'We have a perfect square!', to 
which Brooks replied, 'So have 1.' Both 
squares were of the 69th order. But 
Brooks went on to experiment with 
simpler rotors, and so obtained a perfect 
square of the 39th order. 

"There are three more episodes worth 
mentioning in the history of the perfect 
square, though each may seem like an 
anticlimax. To begin with we kept add­
ing to the list of simple perfect rectangles 
of the 13th order. One day we found 
that two of these rectangles had the 
same shape and no common element. 
They gave rise to a perfect square of 
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the 28th order by the construction of 
Figure 7. Later we found a 13th-order 
perfect rectangle which could be com­
bined with one of the 12th order and 
one extra component square to give a 
perfect square of the 26th order. If the 
merit of a perfect square is measured by 
the smallness of its order, then the em­
pirical method of cataloging perfect rec­
tangles had proved superior to our beau­
tiful theoretical method. 

"Other researchers have used the em­
pirical method with spectacular results. 
R. Sprague of Berlin fitted a number of 
perfect rectangles together in a most 
ingenious way to produce a perfect 
square of the 55th order. This was the 
first perfect square to be published 
(1939). More recently T. H. Willcocks 
of Bristol obtained a perfect square of 
the 24th order (FigllTe 13). This still 
holds the low-order record. 

"In case any reader would like to work 
on perfect rectangles, here are two un­
solved problems. What is the smallest 
possible order for a perfect square? Is 
there a simple perfect rectangle twice 
as long as it is high? Simple perfect 
squares have already been obtained by 
extensions of the theoretical method." 
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Figure 13 
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T ast month's figure-tracing puzzle can 
L be solved with as few as 13 corner 
turns. Start at the second node from the 
left on the large triangle. Move up and 
to the right as far as possible, then left, 
then down and right to the base of the 
triangle, up and right, left as far as pos­
sible, down and right, right to the corner 
of the large triangle, up to the top of 
the triangle, down to the triangle's left 
corner, all the way around the circle, 
right to the third node on the triangle's 
base, up and left as far as possible, right 
as far as possible, then down and left to 
the base. 

The cord-and-ring puzzle is solved as 
follows. Loosen the center loop enough 
so that the ring can be pushed up 
through it. Hold the ring against the 
front side of the panel while you seize 
the double cord where it emerges from 
the center hole. Pull the double cord 
toward you. This will drag a double loop 
out of the central hole. Pass the ring 
through this double loop. Now reach be­
hind the panel and pull the double loop 
back through the hole so that the cord 
is restored to starting position. It only 
remains to slide the ring down through 
the center loop and the puzzle is solved. 

l\ /(any readers have pointed out an 
� error in the answer in September 
to problem No.2. Three airplanes are 
quite sufficient to insure the Right of one 
plane around the world. There are many 
ways this can be done, but the follow­
ing seems to be the most efficient. It 
uses only five tanks of fuel, allows the 
pilots of two planes sufficient time for a 
cup of coffee and a sandwich before re­
fueling at the base, and there is a pleas­
ing symmetry in the procedure. 

Planes A, B and C take off together. 
After going 1/8 of the distance, C trans­
fers 1/4 tank to A and 1/4 to B. This 
leaves C with 1/4 tank; just enough to 
get back home. 

Planes A and B continue another 1/8 
of the way, then B transfers 1/4 tank 
to A. B now has 1/2 tank left, which is 
sufficient to get him back to the base 
where he arrives with an empty tank. 

Plane A, with a full tank, continues 
until it runs out of fuel 1/4 of the way 
from the base. It is met by C which has 
been refueled at the base. C transfers 
1/4 tank to A, and both planes head for 
home. 

The two planes run out of fuel 1/8 of 
the way from the base, where they are 
met by refueled plane B. Plane B trans­
fers 1/4 tank to each of the other two 
planes. The three planes now have just 
enough fuel to reaoh the base with 
empty tanks. 
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make your own horizons at Link -Palo Alto 

Man wants to know . .. everything. His insatiable curi­

osity drives him implacably upward, inspiring him to 

seek out new horizons. Even now he is shaking the earth­

dust from his feet and making his way out into the uni­

verse. Man will yet find that there is no lost horizon. 

At Link we make our own horizons, literally! No 

longer limited to flight simulation, the field we pioneered, 

Link has become an important systems designer in such 

fields as automatic control, optical and visual display 

systems, data processing, human engineering and auto­

matic checkout systems. In the field of instrumentation, 

Link does manufacture its own horizon-the above gyro­

horizon used in its flight simulators. 

The Link complex is a hub of creativity, and naturally 

Link attracts those engineers in search of careers with 

unlimited horizons. Link Research and Development 

Laboratories are located in Palo Alto, a charming sub­

urban community in California where the natural climate 

rivals the intellectual climate for living at its finest. 

Greatly expanding research and development activity 

has lent an urgency to the search for engineers. Many 

special advantages accrue to Link employees including 

the Stanford University Honors Cooperative Program 

which provides advanced study, under regular university 

curriculum, with all tuition expenses provided by Link. 

In addition to furnishing you with an ideal atmosphere 

in which to work and an enviable academic program to 

advance your studies, Link supplies all employee bene­

fits associated with the most advanced management prac­

tices, such as fine pay and generous hospital, health and 

retirement benefits. 

And most important: management men are engineers. 

They understand your work and point of view. This kind 

of administration provides engineering thinking right up 

to policy level. 

Openings at all levels exist for engineers qualified in 

the following fields: Digital computers, Analogue com­

puters, Radar simulators, Automatic check-out equip­

ment, Complex electronic simulators, Optical systems, 

Electronic packaging. 

Reach for your new horizon now! 

Write to Mr. C. A. Larko, Link Aviation, Inc., P.O. Box 1318 Palo Alto, California. 

LINK AVIATION, INC. 
A subsidiary of General Precision Equipment Corporatton 

Openings also exist at our plant in Binghamton, New York. Information forwarded on request. 
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child 01 Thought 
"Experience," said Thomas Carlyle, "is the child of 
Thought." This is eminently true at Technical Operations, 
Incorporated, where the new uses of operations research 
have been pioneered and developed. All the successful 
experience of tech/ops, from power converters for missiles 
to war games for military planning ... from beta ray 
sources to detection of underwater nuclear explosions ... 
has grown from new applications of reasoning, both in 
teams and in solitary thought, in conference and alone. 

Tech/ops will be happy to tell you more about this new 
integrated approach, which is producing new decision­
making capabilities for business and industry, new weapons 
systems, tactics, organization and logistics for military 
applications. 

Address: ROBERT L. KOLLER 

TECHNICAL OPERATIONS, INCORPORATED 
Burlington, Massachusetts 

for your career at: 

FORT MONROE, Virginia; WASH· 
INGTON, D. C.; or BURLINGTON. 
Massachusetts: operations analysts eX4 
perienced in weapons systems evaluation. 
computer tech niques. transportation problems, 
or related fields ... physical scientists in 
mathematics. M.S. or Ph.D .. who desire to 
partiCipate in formulation and solution of 
operational problems. 

WASHINGTON, D. C.: mathematical 
statistician (Ph.D. with five years' experience) 
tor research in sensitivity of stochastic games. 

MONTEREY, California: Applied mathe· 
matician with understanding of application of 
high speed computers to operational analysis 
. • .  senior scientist on Ph.D. level in opera .. 
lions research, mathematics, or physics. 

(please indicate location preference) 

--
/ 
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THE AMATEUR SCIENTIST 

Conducted by C. L. Stong 

Shortly after the end of World War 
II word came to the U. S. that the 
Germans had developed a remark­

ably simple device with which one could 
reach temperatures as low as the freez­
ing point of mercury. The device, which 
was said to consist only of an air com­
pressor and three pipes, immediately at­
tracted the interest of amateurs who had 
dreamed of performing experiments re­
quiring moderately low temperatures. 
The details of construction were not 
available, but it was reported that the 
device had in effect realized "Maxwell's 
demon," a fanciful means of separating 
heat from cold without work. 

Among those intrigued by the demon's 
alleged capture was George O. Smith of 
Highlands, N.J. Smith writes: "The 19th­
century British physicist James Clerk 
Maxwell made many deep contributions 
to physics, and among the most signifi­
cant was his law of random distribution. 
Considering the case of a closed box con­
taining a gas, Maxwell started off by 
saying that the temperature of the gas 
was due to the motion of the individual 
gas molecules within the box. But since 
the box was standing still, it stood to 
reason that the summation of the velocity 
and direction of the individual gas mole­
cules must come to zero. In essence 
Maxwell's law of random distribution 
says that for every gas molecule headed 
east at 20 miles per hour, there must be 
another headed west at the same speed. 
Furthermore, if the heat of the gas indi­
cates that the average velocity of the 
molecules is 20 miles per hour, the num­
ber of molecules moving slower than this 
speed must be equaled by the number 
of molecules moving faster. 

"After a serious analysis of the conse­
quences of his law, Maxwell permitted 
himself a touch of humor. He suggested 
that there was a statistical probability 

About a remarkably simple device to attain 

low temperatures, and varzous other matters 

that, at some time in the future, all the 
molecules in a box of gas or a glass of 
hot water might be moving in the same 
direction. This would cause the water to 
rise out of the glass. Next Maxwell sug­
gested that a system of drawing both 
hot and cold water out of a single pipe 
might be devised if we could capture a 
small demon and train him to open and 
close a tiny valve. The demon would 
open the valve only when a fast mole­
cule approached it, and close the valve 
against slow molecules. The water com­
ing out of the valve would thus be hot. 
To produce a stream of cold water the 
demon would open the valve only for 
slow molecules. 

"Maxwell's demon would circumvent 
the law of thermodynamics which says 
in essence: 'You can't get something for 
nothing.' That is to say, one cannot sepa­
rate cold water from hot without doing 
work. Thus when physicists heard that 
the Germans had developed a device 
which could achieve low temperatures 
by utilizing Maxwell's demon, they were 
intrigued, though obviously skeptical. 
One physicist, Robert M. Milton, inves­
tigated the matter at first hand for the 
U. S. Navy. 

"Milton discovered that the device 
was most ingenious, though not quite as 
miraculous as had been rumored. It con­
sists of a T-shaped assembly of pipe 
joined by a novel fitting, as depicted in 
the accompanying illustration [next 
pagel. When compressed air is admitted 
to the 'leg' of the T, hot air comes out 
of one arm of the T and cold air out of 
the other arm! Obviously, however, 
work must be done to compress the air. 

"The origin of the device is obscure. 
The principle is said to have been dis­
covered by a Frenchman who left some 
early experimental models in the path 
of the German Army when France was 
occupied. These were turned over to a 
German physicist named Rudolf Hilsch, 
who was �vorking on low-temperature 
refrigerating devices for the German 
war effort. Hilsch made some improve­
ments on the Frenchman's design, but 
found that it was no more efficient than 
conventional methods of refrigeration in 

achieving fairly low temperatures. Sub­
sequently the device became known as 
the Hilsch tube. 

"The Hilsch tube in the illustration is 
constructed as follows. The horizontal 
arm of the T-shaped fitting contains a 
specially machined piece, the outside of 
which fits inside the arm. The inside of 
the piece, however, has a cross section 
which is spiral with respect to the out­
side. In the 'step' of the spiral is a small 
opening which is connected to the leg of 
the T. Thus air admitted to the leg comes 
out of the opening and spins around the 
one-turn spiral. The 'hot' pipe is about 
14 inches long and has an inside diame­
ter of half an inch. The far end of this 
pipe is fitted with a stopcock which can 
be used to control the pressure in the 
system. The 'cold' pipe is  about four 
inches long and also has an inside diame­
ter of half an inch. The end of the pipe 
which butts up against the spiral piece 
is fitted with a washer, the central hole 
of which is about a quarter of an inch 
in diameter. Washers with larger or 
smaller holes can also be inserted to ad­
just the system. 

"Three factors determine the per­
formance of the Hilsch tube: the setting 
of the stopcock, the pressure at which 
air is admitted to the nozzle, and the size 
of the hole in the washer. For each value 
of air pressure and washer opening there 
i s  a setting of the stopcock which re­
sults in a maximum difference in the 
temperature of the hot and cold pipes. 
When the device i s  properly adjusted, 
the hot pipe will deliver air at about 1 00 
degrees Fahrenheit and the cold pipe 
air at about -70 degrees (a temperature 
substantially below the freezing point of 
mercury and approaching that of 'dry 
ice'). When the tube is adjusted for 
maximum temperature on the hot side, 
air is delivered at about 350 degrees F. 

"Despite its impressive performance, 
the efficiency of the Hilsch tube leaves 
much to be desired. This perhaps ex­
plains why no one has mathematically 
analyzed its operation. Indeed, there is 
still disagreement as to how it works. 

"According to one explanation, the 
compressed air shoots around the spiral 
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and forms a high-velocity vortex of air. 
Molecules of air at the outside of the 
vortex are slowed by friction with the 
wall of the spiral. Because these slow­
moving molecules are subject to the rules 
of centrifugal force, they tend to fall 
toward the center of the vortex. The 
fast-moving molecules just inside the 
outer layer of the vortex transfer some of 
their energy to this layer by bombarding 
some of its slow-moving molecules and 
speeding them up. The net result of this 
process is the accumulation of slow-mov­
ing, low-energy molecules in the center 
of the whirling mass, and of high-energy, 
fast-moving molecules around the out­
side. In the thermodynamics of gases the 
terms 'high energy' and 'high velocity' 
mean 'high temperature: So the vortex 
consists of a core of cold air surrounded 
by a rim of hot air. 

"The difference between the tempera­
ture of the core and that of the rim is 
increased by a secondary effect which 
takes advantage of the fact that the tem­
perature of a given quantity of gas at a 
given level of thermal energy is higher 
when the gas is confined in a small space 
than in a large one; accordingly when 
gas is allowed to expand, its temperature 
drops. In the case of the Hilsch tube the 
action of centrifugal force compresses 
the hot rim of gas into a compact mass 
which can escape only by flowing along 
the inner wall of the 'hot' pipe in a com­
pressed state, because its flow into the 
cold tube is blocked by the rim of the 
washer. The amount �f the compression 
is determined by the adjustment of the 
stopcock at the end of the hot pipe. In 
contrast, the relatively cold inner core 
of the vortex, which is also considerably 
above atmospheric pressure, flows 
through the hole in the washer and drops 

high-pre'30Ye 
input � 

to still lower temperature as it expands 
to atmospheric pressure obtaining inside 
the cold pipe. 

"Apparently the inefficiency of the 
Hilsch tube as a refrigerating device has 
barred its commercial application. None­
theless amateurs who would like to have 
a means of attaining relatively low tem­
peratures, and who do not have access 
to a supply of dry ice, may find the tube 
useful. It will deliver a blast of air 20 
times colder than air which has been 
chilled by permitting it simply to expand 
through a Venturi tube from a high­
pressure source. Thus the Hilsch tube 
could be used to quick-freeze tissues for 
microscopy, to chill photomultiplier 
tubes, or to operate diffusion cloud­
chambers. But quite apart from the 
tube's potential application, what could 
be more fun than to trap Maxwell's de­
mon and make him explain in detail how 
he manages to blow hot and cold at the 
same time?" 

I n August it was stated in this depart-
ment that if a rectangle is cut into 

strips, its area, as found by multiplying 
its length by its width, is not changed 
when the strips are pushed over to make 
a parallelogram. Many readers have 
asked why this should be so. The ex­
planation is that the strips merely slide 
over one another and the pushing does 
not alter the sum of their widths [see 
illustration on page 148]. Some readers 
were also puzzled by the fact that the 
resulting parallelogram was shown in the 
August issue with straight sides instead 
of the stepped edges depicted here. 
When the rectangle is sliced into strips 
of infinitesimal thickness, and has been 
pushed over, the ends of the strips form 
a row of mathematical pOints, which by 

1.fo .. ··hot" pipe with 
stopcock at I�ft e,nd 

Cutaway views of the Hilsch tube 
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B U IL D A S O LA R 
E NE R GY F U R N A CE 

Good Geophysical Yea,. Project 
A fascinating Ilew field. You can build 

your own Solar Fumace for experimen­
tation-many practical uses. It's easy­
inexpensive--use your SCral) wood. 'We 
furnish instruction booklet. This SUIl 
powered furnace will generate terri fic 
heat 2000° to 3000°. Fuses enamel 
to metal-produces many unusual rusing 

effects. Sets paper aflame in seconds. Use our Fresnel Lens 
- 14%.." diameter . . .  t.1. 14". 

Stock No. 70,130·8 package of I 
Stock No. 70,131-8 package of 2 ... 

........ $ 6.00 Postpaid 
11.00 Postpaid 

TATIC E L ECT RICIT Y � G E N ER AT OR 
See a thrilling spark display as you 

set off a miniature bolt of light­
ning, Absoll:llely safe and harmless. 
S turdily made-it. stands 14" high. 
Turn the handle and t wo 9" plastic 

discs rotate in ollDosite directions. 
)Je tal collector brusheil pick up the 

static elec tricity, store it in the 
Leyden jar type condenser Ulltil dis� 

charged by the jumping spark. 
Countless tricks and experiments. 
2-l page instruc tion booklet induded. 

................. $10.95 Postpaid 

Take T elephoto 

S hah T hru 

7 X SO 
MONOCULAR 

'1'his Is fine qualit,y, American made instrument-war 

surplus! Actually lh of U.S. Govt. 7 x 50 Binocular. Used 

for general ohservatlon both day and night and to take 

fascinating telephoto shots with your camera. Brand new. 

$95 value. Due to .Tapanese competition we close these out 

TELESCOPE 

CA MERA 
Takes pict Ul'es through tele­
scope of moon, stal's-ter­
restria.l telephoto shots. 4-
element lens. Box size 3 x 4 
x 5". Tube that slips into 
eyepiece holder l1A," O.D. 
for standard telescopes. In­
eluded: Yellow filter, film 
holder 21A," x 314", cable 
release, ground glass 314" x 4%". Precision Ger­
man -made shutter-T., B., 1 sec., %, %, 1/10, 1f25. 
];]00 and 1/:200. 
Stock No. 70.166-S ........•................. $39.50 Postpaid 

SPITZ 
MOONSCOPE 

A precision-made 32 power reflect- � 
Ing telescope-by the makers of Spitz �_ 
Planetarium. Clearly reveals the craters 
of the moon, shows Saturn, Jupiter, other 
wonders of Lhe heavens. Based on same 
3�,�Cm

le
� �� ";:����

s
aJ1�

an
l���

e
�gfti:ta�lt;

n
g� 

pOliShea and corrected mirror. Fork type Alt­
Azimuth rotates on full 3600 circle_swings to 
any location in the sky. Fascinating IS-page 
instruction book Is included. Instrument 
packed In sturdy carrying case. 

Stock No. 70.06B-S .......... $14.95 Pstpd. 

American Made-
Over 50% Saving 

STEREO MICROSCOPE 
Years in development. Equals $300 to 
$400 instrument. Precision American 

made. Used for checking, inspecting, 
small assembly work. Up to 3" ,"ork­

::i ing distance. Clear, sharp, erect. 
image. Wide, 3 dimensional field. 2 
sets of objectives on rotating turret. 

2 3X and 40X. 

Stock No. B5.056-S .......... $99.50 
f.o.b. Barrington, N.J. 

Low Power Supplementary Lens Attachment tor above Stereo 
-provides 15X down to 6X with clear. extra large Ph" 

field at 6X. 

5tock No. 

4�1I ASTRONOMI CAL TEL ESCOPE 
MT. PALOMAR TYPE 

UP TO 270 POWER 
A REAL REFLECTOR TELESCOPE 

Complete with Equatorial Mount. Tripod 

ONLY 

$7450 
COMPLETE 

\Yah this scope you can see the craters on the moon, rings of Saturn. double stars, or a 
newspaper headline at a mile! )rirror guaranteed to give theoretical Hmi

.
t of resol�ltion. 

6X Finder. Rack and pin focusing. relnOl'able mirror mount, real equatorial mountmg-

." , only one adjustment follows stars! Aluminum tube-takes standard eyepieces. You get 
-",,-,-., 

40X Kellner, lh" F. L. eyepiece. one Barlow lens to give you up to 2 70 Power. 
Fill mirror corrected to better than 14" wavelength. • 
Stock #85.006-S ........................................................................................ $74.50 f.o.b. Barrongton. N. J. 

S ee the Stars, M oon. Planets C lose U p! 

3" ASTRONOMICAL REFLECTING TELESCOPE 
60 10 160 Power-An Unusual Buy! 

ii:i;;;;=:;jiiiiiiii-' Famous Mt. Palomar Type 
You'lI see the Rings of Saturn, the fascinating pilinet r.lars. 
huge craters all the 1\10011, Star Clusters. Moons of Jupitcr In 
detail. Galaxies! Equatorial mount with lock on both axes. 
Aluminized and overcoated 3" diameter high-speed fliO mil·ror. 
Telescope comes equipped with a 60X eyepiece and a mounted 
Barlow Lens. giving you 60 to 160 power. An Optical Finder 
Telescope, alwavs so eS::iential. Is also included. Sturdy, hal'd� 
wood, portable u·;pod. 

Free with scope: Valuable STAR CHART 
and 272 page "Astronomy Book." Photographers! This is an actnal phologTaph 

or the moon taken through our Astronomlca! 
Telescope by a 17-year-old student. Stock No. B5.050-5 .................................... $29.95 Postpaid 

Take Photos of the MOON 
T hru Your T elescope! with the EDMUND 

C AMERA HOLDER for TELESCOPES 
Bracket attaches permanently to your re flecting or refracting telescope. Re­

mO\'able rod with adjustable bracket holds your camera o\'er scope's eye­
piece and you're ready to take exciting pictures of the moon. You can also 
take terrestrial teleuhoto shots of distant objects! Opens up new fields 
of picture taking! 

SUN PROJECTION SCREEN INCLUDED 
White metal screen Is easily attached to holder and positioned behind 

eyepiece. Point Scope at sun, 1ll0\'e screen to focus . . . and you can 
see the sun spots! 

ALL FOR THE LOW. LOW PRICE of $9.95 
Includes brackets. 28%." rod, projection screen, screws and directions. 
Aluminum ... hrackets black crinkle painted . 

.... $9.95 Postpaid. Send Check or M.O.-Money-back Guarantee. 

SALE! Terrific WAR SURPLUS BARGAIN! Made by B & Land E.K. 
AERIAL CAMERA LENSES 

24" F.L. f/6. in 23" Long Lens Cone 

Gov't Cost $1218 
Our Price 

$39.50 Used $59.50 New 
l\Iounted in beautiful brass cells, lenses aI'e 4" dia.-pl'ecision 4-element type. Aero TessaI' 
and Aero Ektar (no choice). Housed in cone-lO" focal plane beyol1l.l cone and permits building 
on a film holdeI', eyepiece, etc. Lenses easily removed for other uses. Diaph,·agm is included_ 
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photographing .'\"tificial Satellites}. 
8tock No. 85,059·8 24". used. Price $39.50 f.o.b. Utah 
Stock No. 85,060-8 24". new. Price $59.50 f.o.b. Utah 

Send Check or M. O. Money-back guarantee 

SALE! WIDE ANGLE 
ERFLE EYEPIECE 

TI'emendous bargain! 11/2" f.J.! Focusing metal mount Is 2·11/16" in diameter. 
Consists of 3 coated achl·omats. 65� field. Govt. cost over $100. Use these with 
the 24" f.l. Ae,'ial Camera Lenses to make a 16 power wide field telescope, etc. 
Stock No. 50,178�S... .. ........ only $9.95 Postpaid 

MAKE YOUR OWN POWERFUL 

ASTRONOMICAL TELESCOPE 

GRIND YOUR OWN ASTRONOMICAL MIRROR 

Complete Kits Including Blank, Tool and Abrasives 

All over America amateurs are grinding their 
own mirrors and maldng expensi're 1'elescopes 
cheaply. You can do the same using our Kits. 
These contain mirror blanl\:, tool, abrasives, 
diagonal mirror and eyepiece lenses. You 
build Instruments ranging in value from $75.00 to thousands of doHars. 

Stock No. 
70,003-5 
70,004-5 
70,005-5 
70,006-5 
70,007-5 

Dia. Mirror 
4'/,' 
6" 
8" 

10" 
12" 

Thickness 
3,4" 

1" 
P/," 
1'1." 
2'/," 

Price 
S 7.50 postpaid 

11.95 postpaid 
19.50 postpaid 
30.75 postpaid 
54.75 postpaid 

50-150-300 POWER MI CROSCOPE 
Amazing Value-Equal of a $75.00 In­
strument! 3 Achromatic Objective Lenses 
on Revolving Turret! Imported! The oo]or­

corrected, cemented achromatic lenses in 
the objectives give you far superior results 
to the single lenses found in the micro­
scopes selling In this range. Results are 
worth the difference! Fine rack and 
pinion focusing. 

W RITE 
FOR FREE CATALOG·S 

Stock No. 70.008-S .... $14.95 Pstpd. 

MOUNTED 500 POWER OBJECTIVE 
. . . Threaded for easy attachment on 
above microscope. Achromatic lenses for 
fine viewing. 3 mm. focal length. 
Stock #30.197-5 .......... $5.00 Pstpd_ 

80 pages! Over 1,000 items. Optics for the 
Space Era! Huge selection of lenses. prisms, 
war surplus optical instru-
ments, parts and accesso� 
ries. Telescopes, Micro­
scopes. Satellite Scopes, 
Binoculars, Infrared Snip­
erscopes. etc. Request 
Catalog-S. 
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Optical Flats 
High precision optical 

flats of fused clear quartz 

in sizes up to 18" diame­

ter. We have made them 

for such agencies as the 

National Bureau of Stand­

ards and many others who 

desired better than 1/20 

the wave length accuracy. 

Price list on request. 

Prepare Now for Leadership in the 
Second Indus trial Revo lution 
-automatic machinery for handling information­
through our courses by mail for individuals or 
study groups 

MATHEMATICS FUNDAMENTALS (M31): Algebra. 
Geometry, Trigonometry. Business mathematics. Binary 
arithmetic. binary coded decimal notation, etc. Inell!des 
768.page textbook, other ref:rences,. 18 less,ons. Questions 
and assignments. personal instruction. This course was 
worked out 1957 in consultation with the Education ,Co!TI­
mittee of the National Machine Accountants ASSOciation 
for their members. .. . ... $50.00 
BRAINIACS ®-SMALL ELECTRIC BRAIN MACHINES 
-AND HOW TO MAKE THEM (C24): I"eludes 211 
pages of manuals, instructions. diagrams; over �OO hard� 
ware parts; course directions, qu.estions and aS�lgnme.nts; 
personal instruction . . . for makIng .over 150 a�lthmetJca.l, 
logical, puzzle-solving, game-playing mac�lnes. ThIs 
course is the outcome of 8 years of our desIgn and de­
velopment work with small robots: a�d dem,?nstrates in 
easily-put�together models the fascinating varl�ty of rea� 
soning and computing circuits. $29.00 (In U.S.A.) 
SYMBOLIC LOGIC (SI): Nonnumerical exact reasoning 
using efficient symbols for calculation. Boolean algebra; 
other parts of symbolic logic. Applications to contracts. 
circuits. computers.... . . ...... $28.00 

• And 25 other courses in Mathematics, Statistics, Auto� 
matic ComoutersL...,Theory of Games. etc. 
We are Edmund C. Berkeley and Associates, correspondence 
school since 1951. registered in Massachusetts, Approved 
Member of the National Home Study Council, publishers 
(the monthly HCompttfers mid AutomatiOlt", etc.), writers 
(HComputer8: Their Operation and AIJplications", Rein­
hold, 1956. etc.), makers and exhibitors of small robots 
(Simon. SQuee. etc.). We have had enrollments in 50 states 
and territories. 24 foreign countries. 
I-----MAIL THIS COUPON ---- -, 
I :,�M���in�io:E:t�.E��I6�n:e����i�i:t:�. Mass. I 
I L ( ) Please enroll me for ......... I enclose $ .. .... ... I 
I f�����;

a
�:; l: :oo���n�i�i!��I. refund if not satis.. I 

I 2. ( ) Please send me free announcements of all I 
! courses. 

My namo and address aro attached. ! 
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definition constitutes a straight line. The 
notion of angular edges changing into 
straight lines when the number of strips 
reaches infinity appears to offend com­
mon sense, and has bafHed generations 
of students . But once the concept is 
grasped the battle with the calculus is 
half won. 

�rry Simpson of West Lafayette, Ind., 
submits a simple method of using 

the pocket-knife planimeter, also de­
scribed in the August issue. One first 
draws a straight reference line from the 
center of the unknown area. The round­
ed edge of the big blade, fully opened, 
is put on the line . The point of the small 
blade at the other end of the knife is 
opened to make a right angle with the 
handle, and is placed on the end of the 
reference line inside the unknown area. 
The point of the small blade is used to 
trace the reference line to its intersection 
with the boundary, around the bound­
ary, and back to the starting pOint. This 
action causes the big blade to take a 
zigzag path over the paper. It comes to 
rest at a perpendicular distance from the 
reference line which depends on the size 
of the unknown area. The handle of the 
knife then makes an angle with the ref­
erence line. Instead of computing the 
unknown area in terms of this angle, as 
described in the August issue, Simpson 
achieves substantially the same result by 
multiplying two lengths. "The area," he 
writes, "is approximately equal to the 
distance between the point of the little 
blade and the point at which the big 
blade touches the paper, multiplied by 
the perpendicular distance between the 
reference line and the point at which 
the big blade touches the paper after 
the figure has been traced. For relatively 
small angles between the knife handle 
and the reference line the error intro­
duced by this additional approximation 
is small enough to neglect." 

]\/{ ost novices who set out to build a 
telescope select an instrument of 

the Newtonian type for their first project 
because of its simplicity and ease of con­
struction . The Newtonian employs only 
three optical parts: the parabolic objec­
tive mirror which brings celestial objects 
to focus,  a small diagonal mirror (or 
prism) which bends the converging rays 
at a right angle so the image can be 
viewed without obstructing the objec­
tive, and an eyepiece for examinii1g the 
image. The performance of all telescopes 
depends primarily on the quality of the 
optical parts, particularly of the objec­
tive, which should not depart more than 
a fraction of a wavelength of light from 
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A boLLt the rectangle and the parallelogram 

the desired curvature. But performance 
is also affected by the design of the 
mounting-the structure which holds the 
optical elements in alignment and keeps 
them trained on the stars. 

Every part of the mounting contrib­
utes to one or more aspects of the in­
strument's performance: the ease with 
which a desired star can be brought into 
the field of view and kept there, the 
steadiness of the image and its sharpness 
and freedom from distortion. It is rela­
tively easy to design a mounting to max­
imize a given aspect of performance, 
such as steadiness of the image. Steadi­
ness, for example, can be achieved by 
using heavy parts. But usually a gain in 
one aspect of performance is bought at 
some cost to another aspect, such as 
portability. As a consequence no two 
amateur instruments are precisely alike. 

One disadvantage of nearly all reflect­
ing telescopes is the necessity of sup­
porting the diagonal mirror or prism in 
the aperture of the telescope. In this 
position the diagonal blocks part of the 
light entering the telescope. Moreover, 
rays which graze the diagonal en route 
to the objective are diffracted ,  or bent 
slightly, an effect which detracts from 
the sharpness of the image. It is possible 
to tilt the objective mirror somewhat and 
thus move its focal point outside the 
aperture without introducing a diagonal 
mirror into the optical system, but even 
a small tilt introduces serious distortion. 
Thus most amateurs use a diagonal, as 
Isaac Newton did, and support it by an 
assembly of sheet-metal arms attached to 
the inner wall of the telescope's main 
tube. The supporting arms, frequently 
assembled as a three-legged "spider," 
are set edgewise with respect to the en­
tering rays to minimize the loss of light. 

The spider arrangement leaves much 

I 
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A n invitation 
to 

senior scientists 
and 

engineers 

. ... To join Republic Aviation's new 

A $14,000,000 R&D Center, 

housing 9 new laboratories, was 

revealed as core of Republic's 

$35,000,000 Research and 

Development Program at recent 

announcement by Mundy I. Peale, 

President, and Alexander Kartvell. 

Vice·President for Research 

and Development • 

$35 million Research and Development Program 
for spacecraft, missiles and advanced aircraft 

In announcing Republic's $35 million research and development program, designed to arrive 
at major breakthroughs in the aviation industry's transition to astronautics, Mundy 1. Peale, 
President, set the following objectives: 

" 
... ACCELERATION OF PROJECTS ALREADY UNDER WAY AT REPUBLIC 

ON LUNAR PROGRAM FOR MANNED SPACE VEHICLES, AND MISSILES 

TO DESTROY ORBITING WEAPONS, AND INITIATION OF INVESTIGATIONS 

LEADING TO NEW CONCEPTS FOR INTERPLANETARY TRAVEL.
" 

" 
... RADICAL NEW FAMILIES OF LONG-RANGE AIR-TO-AIR MISSILES AND 

AIR-TO-SURFACE BALLISTIC MISSILES FOR STRATEGIC AND TACTICAL 

AIRCRAFT.
" 

" 
... VERTICAL TAKE - OFF FIGHTER - BOMBERS, HIGH - MACH FIGHTER­

BOMBERS, AND SUPERSONIC TRANSPORTS.
" 

Alexander Kartveli, Vice-President for Research and Development, emphasized that Republic's 
program "will not duplicate in any way investigatory work currently in progress elsewhere, 
but will" stress novel concepts and new approaches to basic problems of missiles and space 
technology." 
The program includes construction of a $14 million R&D center to house 9 new laboratories, 
and anticipates doubling the present research staff. 

Senior men interested in the new possibilities created by a simultaneous exploration of all 
aspects of Flight Technology are invited to study the functions of the new laboratories for 
more detailed information: 

SPACE ENVIRONMENTAL DEVELOPMENT LABORATORY 

To simulate space flight conditions and test missile, satellite 

and spacecraft systems and components; investigate hUman 

engineering problems. 

RE·ENTRY SIMULATION & AERODYNAMIC LABORATORY 

To study hypersonic shock dynamics, real gas effects, heat 

transfer phenomena and magnetohydrodynamics. 

MATERIALS DEVELOPMENT LABORATORY 

Study effects of high velocity, temperature, and space environ� 

ment on materials for spacecraft, missiles and advanced weapons. 

GUIDANCE & CONTROL SYSTEM DEVELOPMENT LABORATORY 

To develop and test guidance and control systems for space· 

craft, missiles and aircraft. 

ELECTRONICS DEVELOPMENT LABORATORY 

Study and explore all problems connected with highly special­

ized, complex electronic systems required for advanced forms 

of spacecraft, missiles and aircraft. 

ADVANCED FLUID SYSTEMS DEVELOPMENT LABORATORY 

To develop and test fluid power systems for �pacecraft and 

missiles capable of operation under extremely high tempera­

ture, high pressure conditions. 

MANUFACTURING RESEARCH & DEVELOPMENT LABORATORIES 

To develop advanced manufacturing processes and techniques 

for materials used in missiles and spacecraft. Laboratories for 
each of the fonowing areas·: Non-Metallics. MetallicB, Welding. 

Qualified men are invited to write directly to: 
A. Kartveli, Vice President, Research and Development 

• "E,.6IIILIC A II/IATILI� 
FARMINGDALE, LONG ISLAND, NEW YORK 
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YOUR LpGICAL CHOICE IS 
A UNITRON REFRACTOR 

The beginner, advanced amateur, and pro­
fessional alike turn to UNITRON for com­
bined optical and mechanical excellence. 
Invest in a UNITRON-the telescope that 
has ;tood the test of time. 

UNITRON 2.4" Altazimuth Refractor with UNI HEX 
Complete with eyepieces for 100X, 72X, SOX, 35X; 

UNIHEX Rotary Eyepiece selector; altazimuth 

mounting with slow motion controls; tripod; 5X 

viewfinder; sunglass; and cabinets. only $125 

UNIT!?ON 

UNITRON'S 6" and 4" Equatorial Refractors 

17 UNITRON REFRACTORS TO SElECT FROM 
SA TELLITE TELESCOPE .... 
1.6" ALTAZIMUTH ... . 
2.4" EQUATORIAL .. . 
3" ALTAZIMUTH 
3" EQUATORIAL . 
4" ALTAZIMUTH 
4" EQUATORIAL . 
6" EQUATORIAL . 

. ... .. $ 75 
75 

225 
265 
435 
465 
785 

5125 
All i'lstrlltllClIfs /lll1y {JIWl/lllhCtl. l'il/i/m/Ol; e.rJ)ress (,fJl� 
leet. I'rices il/clude slal/danl (I('('cssories. Se"d ('I/Crk or 

M.O. or 20% deposit ll"ifh lialu1!rc r.O.o. 

TIME PAYMENT PLAN AVAILABLE! 

GET UNITRON'S FREE CATALOG and 38 page 
OBSERVER'S GUIDE. This valuable inh·oduc· 
tion to astronomy is yours for the asking. 

Contents inc1ude-

• Observing the sun, 

moon, planets and 

wonders of the sky 

• Constellation map 

• Hints for observers 

• Amateur clubs 
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to be desired as a support for the diag­
onal, however. Any bar which sticks into 
the aperture introduces diffraction and 
causes a streak of light to cross all bright 
star images. Three bars make three 
streaks . When these are spaced 120 de­
grees apart, as in the conventional spi­
der, bright stars have six long points .  
A spider of four bars set at right angles 
makes only four points, which might 
seem preferable to six. But the streaks 
of opposite pairs of bars fall on top of 
each other and reinforce the total light. 
Hence the designer must make a choice 
between six relatively dim streaks and 
four bright ones. 

Under certain circumstances the pres­
ence of the streaks can prove useful. Bril­
liant stars appear as relatively large, 
diffuse disks on a photographic plate 
made with the unobstructed refracting 
telescope, and their centers are difficult 
to establish accurately . The streaks pro­
vide the astronomer with a convenient 
set of coordinates which aid in locating 
the star. But more often than not the 
streaks are a nuisance, as when one 
wishes to view the faint companion of 
a bright star such as Sirius or Polaris, 
and discovers that the position of the 
telescope is such that the faint star is 
lost in a bright streak . To solve the diffi-

culty, the French astronomer A. Couder 
devised a set of specially shaped masks 
to cover the four bars of his spider. They 
had the effect of dividing the telescope 
into four proportionately smaller instru­
ments, each with an unobstructed aper­
ture. This expedient eliminated the 
streaks, but at some cost in the sharpness 
of the images. Photographs made with 
the masks showed star images slightly 
more diffuse than those made without 
the masks. 

Rene A.  Wurgel of Union City, N.J ., 
submits a diagonal support which also 
minimizes diffraction effects as well as 
the amount of light blocked off by the 
diagonal . "Neither reading the literature 
on telescope-making nor experimenting 
on one's own account assures that this is 
the best way to support a diagonal," he 
writes, "but in my experience it is clear­
ly superior to the conventional three-arm 
spider. 

"The support substitutes a short brass 
cylinder sandwiched between a pair of 
rings for the conventional spider arms 
[see illustration on page 150]. The rings 
are rigidly attached to the main tube by 
screws. Another set of screws fastens the 
inner side of the rings to the cylinder. 
One end of the cylinder is turned down, 
split and threaded to clamp a quarter-

aluminized 
flat secondary 

mi"l'or 

to 

A novel diagonal mounti/lg for a small reflecting telescope 
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DETERMINING SOLID STRUCTURE BY NEUTRON DIFFRACTION 

Staff positions available for qualified 
MatMm£lticians, Physicists, Chemists 

Physical Metallurgists, Chemical Engineers 
Mechanical Engineers, Metallurgical Engineers 

Electrical Engineers, Technical Writers 

Titanium and zirconium, and their solid solutions give 
similar x-ray diffraction patterns. These two metals also 
give characteristic neutron diffraction patterns, but as the 
nuclei of titanium scatter thermal neutrons 1800 out of 
phase with those of zirconium, and their nuclear scattering 
amplitudes are such that a solid solution eM), consisting of 
62 atomic per cent Ti and 38 atomic per cent Zr gives no 
coherent scattering of neutrons, the resulting neutron dif­
fraction pattern consists only of a straight line. 

METAL 

• HYDROGEN 

When a hydride of the solid solution (MH2) is studied by 
neutron diffraction-patterns, one observes reflections that 
result from scattering by hydrogen atoms only. This makes 
it possible to locate uniquely the positions of hydrogen 
atoms in such crystal structure matrices. 

Operated by the University of Chicago under 

contract with the United States Atomic Energy Commission 

PROFESSIONAL PERSONNEL OFFICE 
P.O. BOX 299-F1 . LEMONT, ILLINOIS 
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I 
A MA TEUR 
TELESCOPE 
MA KING 

Ed ited by Al bert G. Inga l l s  

Book One 
497 pages, 300 illustrations 

$ 5 . 00 postpairi. $5 . 3 5  foreign 

Book Two 
6 5 0  pages, 3 6 1  illustrations 

$6.00 postpaid. $6 .35 foreign 

Book Three 
644 pages, 3 2 0  illustrations 

$ 7 . 0 0  postpaid. $ 7 . 3 5  foreign 

Send postcard 

for descriptive circular 

SCIENTIFIC 
AMERICAN 

4 1 5  M a d ison A v e n u e ,  New York 1 7 , N. Y. 

( Residents Q/ l\'ew Fork City please add 3% sales taz ) 

900X "MICROBE HUNTER" 
• The o n ly M ic r o s c o p e  in its c lass  featu r i n g  

G R A D E  A o p t i c s ! 
• P o w e r  R a n g e  2 5 X .  5 0 X .  7 5 X .  I OO X .  1 5 0X.  200X.  

3 0 0 X .  400X.  600X.  9 0 0 X  
F u l l  R a n g e  F i n e  A d j u s t m e n t  

• Safety Sto p o n  C o a r s e  A d j u s t m e n t  

T h i s  i n s t rument-made to o u r  r i g i d  d e S i g n  spcf 'itl c a t iom­
h u s  w i t1e u s a g e  i n  schools,  l a l)ora t J r : e s  and law e.lfo rccmclll 
agencies. All of the most needed fea t u re s  ha\'c been incor­
porated to meet the requirem e n t s  for diversified m icro­
s t u d i e s .  l-l i gl11y I'c . cm m endcd for se riOllS hobbyist d e s i r i n g  
exceptional  Q u a l i t y  a t  m o d e s t  eos t .  I 'ower ran ,!!c f r o m  2 5 X  
t ! I O O X  in � J)"; , s i h \ r  ( 'om h i n a l i o ' l 's .  C ea r e d  r a c k  a n d  
p i n i o n  c o a r s e  focu s i n g .  :\ricro-motion fi n e  fOf' u s i n g  of f u l l  
range-12 c') m p ic l e  1 {' \·n i u t i ,J l lS .  =-- a fe t y  s t op pre\'ents  o\"er 
rise. :� {j m m  d u a l  S\1rfac'e ( p iallo/l"DIlC"(l r e )  m i r ror. Fixed 
s q l l a re s t a ge . 7 0 m m  X 8 0 m ll l .  Hotating !i - ho l e ,  d i s c  d i a ­
phragm. Three U u .\·ge n i a n  e)" c p i c("c s  o f  5 X .  l O X  and l 5 X .  
F o u r  achrom a t i c  o b j c f' l h'es of 5 X .  l O X .  " O X  a n d  6 0 X .  O r e r ­
s i z e  b a s e  i n s u r e s  s t a h i l i t y  and pl'O l e N S  o l ) j e c t l r e s .  Hod,\' 
t i l t <;  t h rough 6 0 o -perfc - t l y  ba bUH·ed at an,\' a n g l c .  C o m p l (' l e  
w i t h  upright . w o o d e n  t a r r y i n g  ('a s e .  

F- 3 3 8 - l. i st $ 6 9 . 9 5  . . . . . . . . . . . . . . .  N et $ 3 9 . 9 5  
( A dd $ 1 . 0 (1 for 1lo.'<tafJe (111 '1 it a1lff/illlj ) 

OLI VER GARFIELD CO •• I NC. Dept. SAl l S  
1 0 8  E .  1 6  s-r . ,  N .  Y .  3 ,  N .  v 
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A telescope mounting assembled from war-surplus parts 

inch shaft which passes through the cen­
ter. The lower end of the shaft screws 
into one end of a fiber cylinder, the 
other end of which is cut off at an angle 
of 45 degrees as a backing for the diag­
onal. The threaded portion of the shaft 
is locked into the fiber cylinder with a 
nut as shown. All adjustments of the 
mirror are made by means of sliding or 
rotating the shaft. 

"The support includes no obstruction 
with a diameter greater than the minor 
axi s of the diagonal mirror. This was 
achieved by the unorthodox method of 
taping the diagonal to the fiber cylinder. 
I used No. 8 1 0  Permanent Mending 
Tape, sold by the Minnesota Mining and 
Manufacturing Company. Do not try 
this with Scotch tape, or attempt to ce­
ment or glue the diagonal in place. Re­
peated trials proved to me that cement 
warps the mirror when it sets . 

"Although the amount of light con­
served by this arrangement is doubtless 
negligible, it is still satisfying to know 
that maximum light reaches the objec­
tive. The real advantage of the system 
becomes apparent during the observa­
tion of double stars . With a run-of-the­
mine eyepiece, a diagonal corrected to 
1 /8 wavelength, and a six-inch objective 

corrected to 1 1 12  wavelength , my in­
strument easily splits double stars with 
a separation of 7/10 second of arc and a 
difference in brightness amounting to 
one magnitude." 

I n these days of inexpensive surplus 
parts amateurs without access to ma­

chine tools can still have telescope 
mountings with most of the features 
found in professional instruments. Such 
a mounting was built by Charles N. Fal­
lier, Jr. ,  of Hicksville, N.Y. [ see illus­
tmtiol1 ahove] . "As mountings go," 
writes Fallier, "this one boasts nothing 
particularly noteworthy with the possi­
ble exception of the mechanism for driv­
ing the telescope in right ascension. This 
portion of the assembly is from a surplus 
panoramic telescope which had a 360-
degree rotation and a 32 to 1 worm-and­
gear drive with an attached circle cali­
brated in 100-mil divisions, all totally 
enclosed. For a clock drive a 48 to 1 re­
duction gear is substituted for the right­
ascension knob and driven by a one­
revolution-per-minute motor. The driv­
ing rate is not quite sidereal but close 
enough for casual observation. The gears 
came from the tuner of a surplus radio 
transmitter. " 
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STRAIGHT TALK TO ENGINEERS 
from Donald W. Douglas, Jr. 

President, Douglas Aircraft Company 

In this fast-moving age we find that we can no 

longer insure leadership . . .  or even survival . . .  

by doing things the traditional way. If there's a 

better way, we must find it. 

Our DC-B, C-133,  Thor, Nike-Hercules, Genie, 

Sparrow and other aircraft and missiles are all 

the finest of their type and time. But their 

success, and that of our many new projects, 

depends on superior engineering. 

That's why I'm looking for engineers dedicated 

to quality work. Only through such dedication 

can the extra performance and reliability of our 

products be attained. If you feel as we do about 

this principle, we'd certainly like to discuss a 

future at Douglas for you. 

Write to Mr. C. C. La Vene, 
Douglas Aircraft Company, Box 620-N 

Santa Monica, California 

1 5 3 
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7 ways to satisfy a scientific curiosity 

SCIENTISTS' CHOICE 
Edited oy 
Franklyn M. Branle, 

HUMAN 
POTENTIALITIES 
by Gardner Murphy 

FRONTIERS IN SCIENCE 
Edited by Edward Hutchings, Jr. 
Linus Pauling, J. Robert Oppenheimer, Fred 
Hoyle, Sir Charles Darwin, George Beadle, 
Harrison Brown and other leaders of scien­
tific research explore and explain the ever­
widening horizons of contemporary science 
- radiation, the origins of life, growth and 
reproduction of viruses, structure of living 
matter and other subjects. $6.00 

Illustration : 
Bohr's Radium 
Atom-Described 
and reproduced 
(11" x 14") in 
Scientists' Choice 

THE EARTH AND ITS 
ATMOSPHERE 
Edited by D. R. Bates 
"This is a stimulating, even 
exciting book, summarizing 
recent a d d i t i o n s  to t h e  
r a p i d l y  growing b o d y  o f  
knowledge about the physics 
of our planet." Science Mag­
azine $6.00 

Twelve spectacular photo­
graphs of scientific pheno­
mena visible only to such 
"eyes" as the electron micro­
scope, telescope and X-ray 
- chosen for their beauty 
and significance by 14 emi­
nent scientists. Portfolio in­
cludes descriptions of each 
photograph by the scientists 
who chose it, and 32-page 
booklet, Using Your Camera 
in Science. $4.95 

In this major work, the dis­
tinguished psychologist and 
scholar views man as a still­
developing organism a n d  
considers the ways in which 
- physically, intellectually 
and socially - he may yet 
achieve the fullest develop­
ment of his vast inner po­
tentialities. $6.00 MOMENTS OF DISCOVERY 

rr====== Through your bookse l ler, or order direct from =====:;, 
Basic Books, Publishers P-3 
59 Fourth Avenue, New York 3, N. Y. 
Ple�se send me the books checked below for free examination. Within 7 days 
I wlil send you full payment, plus postage, or 1 will return them and owe nothing. 

o Scientists' Choice, 54.95 0 The Evolution of Genetic Systems, $5.50 . 
o Human Potentialities, $6.00 0 Moments of Discovery, $11.95 
o The Earth & Its Atmosphere, $6.00 0 Frontiers in Stience, $6.00 

o Natural Magick, $8.50 

Name . . • . • • . • . . • • • • . • . . • • • • • • • • . • • • • . • . . . . . . . . . . . . . . . . . . . . . . . . . • . . • • . . . . . . . 

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

City • • . . • • • . . . . . . . . . . . • . . . • . . . . . . . . • . . . . • .  Zone . . . . .  State . . . . . . . . . . . . . . . . . . .  . 

o SAVE POSTAGE! Check here if you are enclosing payment now and we 
will pay postage. Same return privilege guaranteed. 

Edited by George Schwartz and Philip W. Bishop 
Introduction by Linus Pauling. A two-volume 
panorama of the decisive moments in scientific 
discovery over a period of twenty-five hundred 
years - from the law of the lever to the anatomy 
and behavior of the atom - told in the words of 
83 scientists who actually made the discoveries. 
Regularly $ 1 5 .00; until Christmas only, $11.95. 

THE EVOLUTION 
OF GENETIC 
SYSTEMS 
by C. D. Darlington 
Newly revised,  en­
larged edition brings 
up-to·date this mod­
ern scientific classic 
- a stimulating and 
authoritative analysis 
of the interaction be· 
tween evolution and 
physics. $5.50 

NATURAL MAGICK 
by Giambattista Della Porta 
"A window into another world 
. . . With an immensely read­
able mixture of learning, ac­
c o u n t s  of experiments,  a nd 
credulity, it ranges over almost 
every subject from optics,  
metallurgy, animal breeding and 
alchemy to cooking, invisible 
writing and 'How to adorn 
Women and make them Beauti­
ful' " Alistair C. Crombie $8.50 

B A S I C  B O O K S  P U B L I S H E R S  
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by Robert W. W-hite 

SOCIAL CLASS AND MENTAL ILLNESS : A 
COMMUNITY STUDY, by August B. 
Hollingshead and Fredrick C. Red­
lich. John Wiley & Sons, Inc. ($7.50). 

O
ne way to learn more about a form 

of illness is to study the frequen­
cy with which it occurs in differ­

ent parts of the human habitat. Medical 
science knows this method as epidemi­
ology. It is generally less spectacular 
than clinical or experimental research, 
but it has often provided substantial help 
in understanding the nature of disease. 
This book reports the results of a highly 
original study in epidemiology. As their 
medical topic the authors have taken 
mental illness, and as their area the city 
of New Haven, Conn., with its surround­
ing suburbs. At first glance the area 
might seem too small for a full-scale 
epidemiological study, but the most 
striking feature of the research is its 
analYSis of the community into social 
classes which can be treated almost as 
if they were separate cultures, with dif­
fering outlooks and values. If we had 
been asked beforehand to predict the 
relationships between social class and 
mental illness, we might have imagined 
a few possibilities, but we would hardly 
have anticipated the firm and extensive 
correlations brought to light in this im­
pressive research project. 

On an early page the authors warn us 
that we are likely to be shocked by their 
disclosures. One reason for shock may 
be that most of us do not like to think 
about either social class or mental ill­
ness. In the U. S. we aspire to the demo­
cratic ideal of a classless society. We 
would like to believe that existing social 
class differences are not substantial han­
dicaps to equality of opportunity. We 
are thus professed enemies of snobbish­
ness, and it is disquieting to be reminded 
of how extenSively we practice what we 
do not preach. We also want to believe 
that mental illness, with its threat to ra-

BOOKS 
A disturbing study of the relationship 

between social class and mental disease 

tionality and self-direction, is a remote 
and restricted problem that will never 
strike close to our personal lives. It has 
taken years to convince even a small 
part of the public that mental disorder 
is our greatest national health problem, 
whether the reckoning be made in 
money, efficiency or personal suffering. 
Yet in this book we must face both these 
disturbing facts, and we must face the 
evidence that mental illness and its 
treatment are distinctly related to social 
class and position. Whether or not we 
are shocked by these relationships may 
depend upon how we interpret the statis­
tical findings. But surely those for whom 
the psychiatrist has become a sort of 
folk hero, an embodiment of sensitivity 
and wisdom, will be disappointed to find 
him caught in the web of social stratifi­
cation and slow to grasp the outlook of 
patients who come from strata remote 
from his own. 

The authors of this book share the un­
common virtue of being able to see over 
the fences that separate one scientific 
discipline from another. Hollingshead is 
a sociologist who came to Yale Univer­
sity in 1947 with a record of important 
research elsewhere on social stratifica­
tion. He had just completed the work 
published under the title Elmtown's 
y oltth, in which he examined the effects 
of social class membership on the be­
havior of high-school pupils and of their 
teachers in a community in the Middle 
West. In this study he gathered evidence 
that lower-class children drop out of 
school early on account of disapproving 
attitudes by middle-class teachers, who 
insist upon standards of behavior which 
are foreign to the lower-class home. Red­
lich is a psychiatrist who came to Yale's 
School of Medicine in 1942 after training 
and several years of practice in Vienna. 
He is favorably inclined toward Freud's 
account of human nature, including the 
view that early life experiences are of 
great importance in shaping personality 
toward later mental health or illness. We 
know how often it happens that distin­
guished men in different fields work side 
by side on the same campus for years 

without ever realizing that they have 
anything to learn from one another. It is 
our good fortune that a spark was struck 
between Hollingshead and Redlich, even 
though some cherished illusions be 
scorched in the resulting heat. 

The central questions of the research 
are expressed as follows by the authors: 
" ( 1) Is mental illness related to class in 
our society? (2) Does a psychiatric pa­
tient's position in the status system affect 
how he is treated for his illness?" 

To answer such questions it is neces­
sary to know a great deal about the com­
munity and about its population of 
psychiatric patients. One of the most 
important research operations was the 
taking of a psychiatric census. This was 
accomplished by asking all psychiatric 
agencies in the area-state and federal 
hospitals, private hospitals, community 
clinics and private practitioners-to make 
available the records of all patients un­
dergOing care and treatment during a 
period of six months (June to Decem­
ber, 1950). Victims of mental illness 
who were not in treatment at recognized 
agencies or with qualified psychiatrists 
obviously escaped this net, but evidence 
is given that very few others were 
missed. This operation yielded a total of 
1,891 psychiatriC patients being treated 
in a community with a total population 
of not quite 237,000. The second major 
operation was to study by means of in­
terviews a 5-per-cent sample of the New 
Haven population, selected by taking 
every 20th address in the city directory, 
with a view to establishing the existing 
lines of social stratification. These two 
formidable bodies of data were supple­
mented by interviews with psychiatrists, 
whose position in the status system was 
an essential aspect of the study. Obvious­
ly a large team of trained investigators 
was necessary to assemble and interpret 
such a mass of material. 

The 5-per-cent sample showed that 
the people of the New Haven community 
could be stratified into five main classes. 
Three indicators of status were used to 
determine class position: the residential 
address of a household, the occupational 
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position of its head and the years of 
schooling the head had completed. If 
these criteria seem arbitrary and rather 
too external, it should be pointed out 
that much past work testifies to their 
approximate correctness and therefore 
justifies their use in large-scale research. 
The true stuff of class membership lies 
in willingness to associate on an inti­
mate basis; class lines appear at the 
points where visiting, inviting to meals 
and intermarriage begin to be felt as not 
appropriate. Fortunately for research 
there is a rather high correlation between 
these intimate facts and the more acces­
sible criteria of residential area, occupa­
tion and education. Furthermore, the 
five classes detected in New Haven have 
much in common with those found in 
Elmtown, and they do not differ greatly 
from the stratifications observed by 
W. Lloyd Warner in Newburyport, 
Mass., and by Allison Davis and John 
Dollard among Negroes in the South. 
Much can be learned by examining these 
social classes, which seem to represent a 
common American pattern. 

In Class I we find the business and 
professional leaders of the community. 
The membership comprises 3.4 per cent 
of the population; the median years of 
school completed by the male head of 
the family is 17.6; and the median an­
nual income in 1950, calculated on the 
basis of what the male head earns or 
owns, was $10,000. The members live 
in the best areas, send their children to 
private schools and Ivy League colleges, 
and constitute the clientele of the pri­
vate clubs which provide for their leisure 
time. Within this single small horizontal 
stratum there are vertical cleavages re­
sulting from recency of wealth and eth­
nic differences. The greatest power and 
prestige are enjoyed by a core group of 
old families which are mostly descended 
from early settlers in New England and 
have been wealthy for several genera­
tions. This group is distinctly inhospita­
ble toward "social climbers" from Class 
II with newly acquired wealth, espe­
cially when these newcomers have the 
ethnic roots of the more recent immi­
grants from southern or eastern Europe. 
As a result there tend to be several sub­
groups which nurse considerable bitter­
ness over the exclusive tactics of the 
core group. Taken as a whole the fami­
lies in Class I are stable, secure, active 
in the community and concerned with 
community welfare. 

Class II is made up of people in man­
agerial positions in the lesser-ranking 
professions. They represent 9 per cent 
of the population, with 15.5 years of 
schooling and a median income of 
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$6,500. As a whole these people are 
highly sensitive to status and much con­
cerned about success and upward mo­
bility. Three quarters of them have risen 
to Class II from lower status in the pre­
vious generation. They believe strongly 
in education and urge it upon their chil­
dren, but good grades and scholarships 
have to be part of the plan if private 
schools and Ivy League colleges are to 
be reached. About a fifth are of older 
American stock, a fifth are Irish, and a 
y'uarter are Russian and Polish Jews. 
Members of Class II are great "joiners" 
and take an active part in neighborhood 
and community organizations. They ex­
perience a good deal of tension over 
their social and economic limitations, but 
the pain of exclusion from Class I does 
not prevent them from erecting barriers 
against Class III. 

In Class III (21.4 per cent, 12.4 years 
of schooling, median income $4,929) 
the typical occupation is that of salaried 
employee, though a y'uarter of the house­
hold-heads own small businesses. Occu­
pations include section heads in large 
offices, chain-store managers, bank tell­
ers and bookkeepers, and there are also 
semiprofessional pursuits such as pho­
tography and drafting. About a third of 
this class is of Irish origin and another 
third is drawn from the more recent im­
migration from southern and eastern 
Europe. Typically the residence is a 
small single-family house on a small lot, 
but importance is attached to its being 
in a good neighborhood. Outside of 
home ownership and life insurance, only 
a little money can be saved. There is 
some distress in Class III, especially 
among its older members, about not ad­
vancing more rapidly to a better home 
and a more leisurely way of life, but on 
the whole the tone is relatively opti­
mistic. 

In Class IV (48.5 per cent, 9.4 years 
of school, median income $3,812) the 
majority of household-heads are skilled 
or semiskilled employees. The meager 
income is almost always supplemented 
by the wife's earnings. About a third of 
this class is Italian, and a great many of 
the families are still in process of accul­
turation to American life. Members of 
Class IV usually occupy two-family or 
three-family houses, and if they have 
title to their homes, they are still in the 
process of making the necessary pay­
ments. Some of their leisure time has to 
be spent working around the house to 
keep the property in repair. Radio and 
television are in practically every home, 
and are heavily used. Reading does not 
get much beyond the daily newspaper, 
and there is little partiCipation in neigh-

borhood or community affairs. The labor 
union provides the most common oppor­
tunity for social participation, but even 
this is viewed as an impersonal and dis­
tant organization. 

Class V (17.7 per cent, six years of 
school, median income $2,659) is the 
stratum of semiskilled and unskilled la­
bor. The home is apt to be a few rooms 
in a crowded old tenement, bare and 
unsanitary, or perhaps a tarpaper shack 
in the suburbs. No money is saved, ma­
jor purchases such as refrigerators and 
television must be made on the install­
ment plan, and only half the families 
own cars, these cars having a median 
age of 12 years. It is worth pausing to 
compare this picture with that of the 
poorest classes in most parts of the 
world today, to say nothing of times 
past. The poorest class in New Haven 
makes up only about a sixth of the popu­
lation, and if the electric icebox and 
television are its only luxuries, they at 
least proclaim a level of existence far 
above that of the traditional destitute 
masses. But the position of Class V is 
far from satisfactory. Its members are, 
in the words of the authors, "individual­
istic, self-centered, suspicious, and hos­
tile to formal institutional controls." 
They tend to feel that everyone is against 
them, denying them a fair chance; even 
with respect to neighbors they believe 
that everybody has to look out for him­
self. Of all strata, Class V has the least 
amount of social cohesiveness and neigh­
borly support. 

This, then, is the social class back­
ground upon which the authors project 
their study of the prevalence of mental 
illness. Their statistical findings-which 
are given at great length and with much 
pains to control for factors such a's age, 
sex, race, marital status and religious 
affiliation-show consistent relationships 
which can be summarized very briefly. 
The most general finding is that the five 
classes do not contribute proportionately 
to the total of psychiatric patients being 
treated at a given time. The relationship 
is an inverse one, with Class I contribut­
ing only 1 per cent; Class II, 7 per cent; 
Class III, 13.7 per cent; Class IV, 40.1 
per cent; and Class V, 38.2 per cent. 
Comparing these figures with the pro­
portion of each class in the general popu­
lation, it is apparent that Class V, 
representing only 17.7 per cent, has 
overwhelmingly the highest prevalence 
of mental illness. 

An interesting point comes to light 
when the patients are divided into neu­
rotics and psychotics. Psychosis is the 
more serious form of disorder, producing 
a degree of incapacity that generally re-
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The Applied Physics Laboratory 
of 

The Johns Hopkins University 

Announces Appointments 
for 

SENIOR SCIENTIFIC STAFF 

The Assessment Division of The Applied Physics Laboratory has 
undertaken new responsibilities and is expanding its Senior Analytical 
Staff. Senior Scientists in such fields as Mathematics, Physics and Physical 
Chemistry have in the past proven very effective in solving the types of 
problems involved which include analyses of tactical situations, the em­
ployment of future weapon systems and the application of the most recent 
advances in science and technology. 

Performance of the work requires close association with scientists 
of other laboratories, operations research personnel of all branches of 
the Armed Services, and with senior military and civilian personnel. 

Studies undertaken by this group will provide guide lines for the 
hardware research of future years. Staff members are expected to initiate 
ideas in support of a broad program of National Defense needs and carry 
them through appropriate analyses with assurance that sound results will 
be given consideration by the responsible agencies. 

The Laboratory's locale, equidistant between Baltimore and Wash­
ington, D. c., allows staff members to select urban, suburban or rural 
living and either of these two outstanding centers of culture as a focal 
point for fine living. 

These appointments offer exceptional opportunities. For information 
and arrangements for interview, write in confidence to: 

Dr. Charles F. Meyer 
Assessment Division Supervisor 

The Applied Physics Laboratory 
The Johns Hopkins University 

8641 Georgia Avenue 
Silver Spring, Maryland 
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A Nobel Prize-
winning scientist 
presents a new ap­
proach to chemis­
try for teenagers_ 

ELEMENTS 
OF THE UNIVERSE 

BY GLENN T. SEA BORG, Chancellor 

University of California at Berkeley 

AND EVANS G. VALENS 

What is the chemist's role in the prob­
ing of our universe? How were the 

chemical elements discovered? vVhat is the 
Periodic Table and how is it used? 

From the early alchemists to the most re­
cent discoveries, including element 102, 
the science of chemistry is interpreted ill 
lucid detail for keen young readers. With 
the Periodic Table as a unifying theme. 
leading guest scientists add dramatic ac­
counts of their own discoveries to Dr. Sea­
borg's description of how and why he rear­
ranged the Periodic Table (for ,,"hich he 
was awarded the Kobel Prize) and \\"ith 
his colleagues discovered many of the syn­
thetic elements" Photographs. chat"ts and 
diagrams are brilliantly integrated with 
the text. Appendix includes the most re­
cent Periodic Table. Suggested reading list 
for the advanced teenager; index. $3.95 
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quires hospitalization, and it accounts 
for three quarters of the patients in the 
New Haven sample. Neurosis, defined 
here as "a condition of subjective malaise 
and disturbed social interaction," turns 
out to be related not inversely but di­
rectly to class status: Classes I and II 
have more than their share, so to speak, 
of neurotic patients, and Class V has less 
than its share. With psychotics the re­
lationship is inverse and so strong that 
it swamps the neurotic figures in the 
general total. As a whole, mental illness 
has its lowest relative frequency at the 
top of the social ladder and its highest 
frequency at the bottom. 

Similar relationships exist between 
class status and methods of treatment. 
Patients from Classes I and II are given 
more time and seen more frequently by 
their psychiatrists. Hospitals and clinics 
spend more upon their treatment and 
care. Psychoanalytic therapy, which at­
tempts a profound reorganization of per­
sonality and makes great demands upon 
time, is virtually restricted to the two 
upper classes. Shorter forms of psycho­
therapy-some of which are based upon 
psychoanalytic principles, but some of 
which consist mainly of encouragement, 
advice and direction-are likely to be 
chosen for patients in Classes III and IV. 
Physical methods, which in 1950, before 
the use of tranquilizing drugs, consisted 
chiefly of electroshock and insulin coma, 
had their most frequent use in the lower 
half of the status hierarchy. Members of 
Class V receive merely custodial care, 
without treatment, far more often than 
other classes and conSiderably more 
often than is warranted by the nature of 
their illness. The authors consider it one 
of the outstanding findings of their study 
that Class V schizophrenic patients, un­
treated at the hospitals and unwanted 
at home, simply stay on in custodial care, 
often to the ends of their lives. More en­
ergetic attempts at treatment would re­
quire a larger corps of trained workers 
than is available, yet lifelong custodial 
care is in the end anything but an econo­
my of public funds. 

The statistics concerning class differ­
ences in treatment can be put in dra­
matic form by concentrating on the pub­
licly supported clinics, where payment 
by patients, if it occurs at all, is arranged 
by a nonmedical staff member rather 
than by the salaried psychiatrist. Here 
it would seem that we can rule out the 
economic factor and see whether or not 
class status has any independent effect. 
The results are startling. The painful 
truth emerges that senior psychiatrists 
prefer to work with patients high on the 
social ladder, that they turn over Class 

III patients to internes and Class IV's to 
medical students, and that class position 
is thus very definitely related to the 
amount and expertness of treatment. 
These findings were a resounding shock 
to the staff members of the clinics, who 
did not have the slightest conscious in­
tention of practicing class discrimination. 

What are the causes of this pervasive 
intrusion of social class into the preva­
lence and treatment of mental illness? 
Here we must tread carefully, for statis­
tics do not always point unequivocally to 
the real causes of events. As a first pos­
sibility we have the fact that the psy­
chiatrists in New Haven all belong either 
to Class I or Class II and that most of 
them have moved upward since the pre­
vious generation. Does this mean that 
they are practicing a kind of exclusion 
against lower-class patients? Such an in­
terpretation is unlikely. The doctor-pa­
tient relationship is a well-defined pro­
fessional one, not the kind of intimate 
social relationship in which class lines 
are really drawn. The authors point out, 
however, that the class status of the 
psvchiatrist makes for very real difficul­
ties in establishing the kind of relation­
ship with lower-class patients that is 
favorable for successful treatment. The 
outlook and values of these patients are 
very different from those of the doctor, 
who may be disturbed by the flimsy 
marital relationships and crude aggres­
sion which are commonplace in Class V, 
by the nearly illiterate habits and re­
stricted expectations of Class IV, or by 
the tight respectability of Class III. How 
will the psychiatrist fare with a patient 
who doesn't want his children to go to 
college, who isn't interested in altering 
his personality or making the best use of 
his potentialities, who merely wants to 
get well so that he can resume his hum­
drum life and enjoy television again? 

. There is real point in the authors' sug­
gestion that psychiatrists could profit by 
training which would help them to un­
derstand the outlook of class subcultures 
different from their own. 

The problem is further illuminated 
when we look at things from the point 
of view of the patient. From interviews 
the authors discovered that the several 
classes have very different expectations 
about mental disorder and its treatment. 
Only in the two upper classes is there a 
fair grasp of the psychiatrist's functions 
and a knowledge that he can be helpful 
with emotional problems. Few members 
of Class V know that a psychiatrist is a 
medical doctor, and most of them be­
lieve that mental illness is caused by bad 
blood, bumps on the head or some other 
externally imposed condition. Most pa-
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tients from the two lower classes are 
brought to the psychiatrist by irritated 
family members or by the police; they 
view the doctor suspiciously, resent his 
prying, mistrust a "talking cure" and ex­
pect to be magically cured by a pill or an 
injection. The idea of achieving maxi­
mal self-realization through insight into 
one's own behavior-the goal of psycho­
analysis-is beyond the comprehension 
of the great majority of patients who 
arrive for treatment, and frequently the 
psychiatrist struggles in vain to secure 
its acceptance in even the most primi­
tive form. 

The class-bound attitudes of patients 
and of psychiatrists go some distance 
toward explaining the statistical findings 
of this study. Neurotic disorders appear 
to occur less frequently in the lower 
classes simply because their symptoms 
are not singled out from the general 
hardships of life and because it is not 
realized that such things can be helped 
by physicians. Psychotic disorders are 
recorded more frequently because the 
attitudes of doctors and lower-class pa­
tients combine to prevent the giving of 
proper treatment, with the result that 
the patients accumulate in hospitals. The 
fascinating possibility that early-life 
stress and family training differ from 
class to class, thus disposing toward the 
development of different types of illness, 
is mentioned by the authors but deferred 
to a volume still in preparation. The 
yield of this research project is substan­
tial. It should have a strong influence to­
ward improving the treatment of mental 
illness. The training of psychiatrists, the 
enlargement of staffs, the spreading of 
information and the expansion of proper 
facilities can all go forward more wisely 
as a consequence of what has come to 
light in this book. 

For those with restless minds there 
are bound to be further questions. What 
lies behind social-class attitudes? How 
did they come into being? Why do peo­
ple have such an interest in status and 
upward social mobility? Perhaps it is not 
unfair to say that the authors of this 
book, bent on demonstrating the effects 
of social class, in the end convey an ex­
aggerated picture of its importance. An 
unwary reader might form the impres­
�ion that everyone is deeply preoccupied 
with the status hierarchy and that hav­
ing better status is a malicious end in 
itself rather than a means of bettering 
other aspects of one's life. We cannot 
accuse the authors of holding such views, 
but it is pertinent to point out their si­
lence on the subject of differences in in­
telligence. Even if one shuns the idea of 
innate intellectual differences, in spite 
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of much evidence in its favor, and hopes 
to explain all actual differences as the 
product of social advantages and handi­
caps, it is inescapable that the five social 
classes represent a descending order of 
effective intelligence. The design of the 
research, which used years-of-schooling 
as one of its three criteria of social class, 
makes this result inevitable. Many of 
the attitudes shown by lower-class pa­
tients and their families are appropriate 
not only to their class position but also 
to people who ended their mental train­
ing in grammar school and who could 
not read Freud with understanding even 
in pocket books borrowed from the pub­
lic library. Psychoanalysis aims to pro­
duce emotional alterations, but it does 
so by means of highly sophisticated men­
tal operations and self-observations. Per­
haps it will always be limited to the 
higher levels of effective intelligence, 
and perhaps directive methods are really 
more appropriate at other levels. 

In any event the authors' recommen­
dations hold true. We shall never know 
how much can be accomplished with 
patients at each social level until we try, 
and we shall never try until we put much 
more time, thought, human resources 
and training into the task-an enterprise 
to which this book is certain to make a 
signal contribution. 

Short Reviews 

EVOLUTION BY NATURAL SELECTION: 
DARWIN AND WALLACE. Cambridge 

University Press ($4.75). Darwin's Ori­
gin of SpeCies was published in 1859, 
but it was preceded by two earlier pa­
pers of his on the same subject which 
deserve to be as well known. The first 
expression of his views on the interplay 
of the mutability of species and the prin­
ciple of natural selection is recorded in 
a rough Sketch completed in 1842; this 
was (ollowed by a more finished Essay 
in 1844. The Essay sets forth brilliantly, 
and more simply and directly than the 
01'igill, the reasons which led Darwin to 
his conclusions. Considering how little 
evidence he had to go on, and even 
recognizing (as he himself was careful 
to acknowledge) that others before him 
had asserted both the tendency of spe­
cies to change and to natural selection, 
it is remarkable that he was able, in Sir 
Gavin de Beer's words, "to steer a 
straight course in a largely uncharted 
ocean of ignorance, with rocks of false­
hood right across his path." Though 
neither the Sketch nor the Essay was 
published when written, Darwin was so 
convinced that he was on the right track 
that he left instructions that if, as he once 
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feared, death overtook him before he 
finished his work, his wife was to pub­
lish the Essay. There followed the dra­
matic event of Alfred Russel Wallace's 
discovery of the same prinCiple of evo­
lution by natural selection 14 years later, 
before Darwin had made known his 
theory (except in a private letter to Pro­
fessor Asa Gray of "Boston, U.S.A.", 
dated September 5, 1857). Once Wal­
lace had imparted his discovery to Dar­
win, the two scientists presented the 
theory in a joint publication issued by 
the Linnaean Society of London in 
1858. The Sketch, the Essay and the 
jOint communication, all pieces of the 
highest possible interest to a wide va­
riety of readers, are reprinted in this 
centenary commemorative volume. A 
long, wonderfully clear foreword by 
Gavin de Beer describes the develop­
ment of the theories of evolution from 
Darwin's predecessors to the present 
day. It also explains the status of natural 
selection in modern science and the reso­
lution of the cleavage, produced by the 
rediscovery at the end of the 19th 
century of the Mendelian laws of inheri­
tance (first published in 1866, but un­
noticed), between the Darwinian up­
holders of selection on the one hand and 
the Mendelian protagonists of evolution 
by sudden discrete steps on the other. 
An engrossing contribution to the his­
tory of scientific thinking. 

THE NEUTRINO, by James S. Allen. 
Princeton University Press ($4.50). 

A progress report of the investigations 
through May, 1958, of this member of 
the proliferating family of particles of 
nuclear physics. Wolfgang Pauli postu­
lated the existence of the neutrino in 
1931; Enrico Fermi made immediate use 
of the concept in his theory of beta-de­
cay. Then, when the theory appeared to 
be complete, the work of C. N. Yang and 
T. D. Lee in 1957 reopened it by sug­
gesting studies of processes which in­
volve the neutrino or antineutrino. These 
investigations have turned up new facts, 
and it is likely that research in this direc­
tion will continue to be fruitfully pur­
sued for some time to come. 

COMPUTABILITY & UNSOLVABILITY, by 
Martin Davis. McGraw-Hill Book 

Company, Inc. ($7.50). An introduction 
to the theory of recursive functions. The 
subject deals with the scope of purely 
mechanical procedures for solving vari­
ous problems. Some problems, as Kurt 
Godel and the late A. M. Turing showed, 
are "absolutely unsolvable." In fact, one 
of the basic results of the theory of com­
putability may be interpreted as assert-

ing the possibility of programming a 
given computer in such a way that it is 
impossible to program another computer 
(which is either a copy of the given com­
puter or another machine) "so as to de­
termine whether or not a given item will 
be part of the output of the given com­
puter." In addition to their philosophic 
importance these conclusions are of prac­
tical relevance in information theory, al­
gebra, number theory and mathematical 
logic. A clearly written, well-presented 
survey of an intriguing subject. 

EFFECT OF RADIATION ON HUMAN 
HEREDITY. World Health Organiza­

tion. Columbia University Press ($4). A 
report of a study group composed of 
leading geneticists convened by the 
World Health Organization in 1956, to­
gether with papers presented by various 
members of the group. The authors of 
the papers include H. J. Muller, T. C. 
Carter, Bruce Wallace, R. M. Sievert, 
A. J. Lejeune, W. M. Court Brown, L. S. 
Penrose, A. R. Gopal-Ayengar, A. C. 
Stevenson, James V. Neel, N. Freire­
Maia, Howard B. Newcombe. It is un­
mistakably clear from the report that ad­
ditional mutation produced in man will 
be harmful to individuals and to their 
descendants. "While there may be inher­
ent and environmental mechanisms," the 
group states, "which modify the impact 
of these mutations over periods of many 
generations, the effectiveness of such 
mechanisms in man is not known. In es­
sence, then, all man-made radiation must 
be regarded as harmful to man from the 
genetic point of view." This careful and 
sober conclusion, overwhelmingly but­
tressed by the best available scientific 
evidence, contrasts with the opinions of 
a well-known physicist. "The worldwide 
fallout," this man has written, "is as dan­
gerous to human health as being an 
ounce overweight." His own views are 
proof of the dangers of a single mis­
placed ounce of fat. Anyone reading the 
WHO report will realize that a contemp­
tuous dismissal of the perils of fallout 
betrays not only ignorance and dogma­
tism but a shocking lack of moral respon­
sibility. 

SOVIET EDUCATION FOR SCIENCE AND 
TECHNOLOGY, by Alexander G. Korol. 

John Wiley & Sons, Inc. ($8.50). A 
survey, based on researches by the au­
thor and other members of the staff 
of the Massachusetts Institute of Tech­
nology's Center for International Stud­
ies, of the educational system of the 
U .S.S.R., in particular Soviet training 
in physics and mechanical engineering. 
A considerable amount of information 
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was gathered both from printed sources 
-curricula, examinations, textbooks, pol­
icy documents-and notes of observa­
tions made by specialists who visited 
educational institutions in the U.S.S.R. 
in 1955. The book therefore has more 
substance than the usual reports on 
Soviet life and institutions offered to 
the U.S. public. Korol describes the 10-
year school (which is the Soviet counter­
part of our 12-grade system from ele­
mentary through high school), the 
secondary technical schools, the general 
features of undergraduate and graduate 
higher education. In discussing curricula 
in physics and mechanical engineering, 
the author goes into detail and makes 
comparisons with the most nearly equiv­
alent curricula at M.I.T. A concluding 
chapter offers some pertinent comments 
and reflections. There is no doubt, Korol 
says, that the U.S.S.R. has achieved im­
pressive gains in the quality of educa­
tional training, especially in engineering. 
The number of students has increased 
enormously (there are, for exam­
ple, twice as many engineering stu­
dents in the U.S.S.R. as in the U. S.), 
facilities have been vastly enlarged and 
improved, teachers are better qualified 
and better rewarded. For various rea­
sons-status, prestige, economic advan­
tage, political climate-young people 
show a strong urge toward professional 
specialization in "politically safe disci­
plines" such as mathematics and the 
physical sciences. While the massive 
accomplishments of the U.S.S.R. in 
industry, technology and science demon­
strate the effectiveness of their system 
of training, doubts arise as to whether 
this system fulfills the objectives of a 
rounded education. Unfortunately, Korol 
observes, the reaction of many U. S. 
newspapers, politicians, educators and 
scientists to Soviet gains has been ab­
surdly misguided, creating the belief 
that there is an education "race," that 
education is like bomb manufacture and 
unless we beat the Russians in the manu­
facture of engineers the country will 
perish. That our goals in education 
should not be identical with Soviet goals, 
or, that to the extent we adopt their 
goals we deny the values we profess to 
cherish, is a truth which seems to have 
got lost in the fog of the Cold War. 

ON THE MAGNET, by William Gilbert. 
Basic Books, Inc. ($8.50). Gilbert's 

De m agnete, one of the basic works of 
physics, was printed in London in 1600. 
Its author was a leading English medical 
practitioner with a taste for mathematics 
and natural science. In 1601 he reached 
the peak of his profession as physiCian 

to Queen Elizabeth, but for many years 
before this he pursued, alongside his 
practice, his intense interest in scientific 
matters, in particular in the phenome­
non of magnetism. His investigations of 
the subject seem to date from about 
1581. For about two decades he con­
ducted exhaustive experiments on lode­
stones, devising new instruments, trying 
new specimens, making a model, among 
others, of a terella (little earth) to probe 
the magnetism of the earth. In one of 
his celebrated experiments he used 75 
diamonds to test the belief that the dia­
mond could act like a lodestone in mag­
netizing an iron needle. It is said that 
he spent 5,000 pounds of his own 
money, a very large sum for the times, 
on these inquiries. De magnete ap­
peared in Latin in a small edition and 
has since become one of the very scarce 
books of science, rarer even than the 
First Folio of Shakespeare. The need 
was early felt for an English version, but 
while other Latin editions appeared, for 
some curious reason no translation was 
published until 1900, when the Chis­
wick Press printed an elegant vellum­
bound volume in a limited edition, am­
plified with excellent notes by Silvanus 
Thompson. The translation and revision 
were carried out by 10 persons, includ­
ing the noted physicist Joseph Larmor, 
under the sponsorship of a "Gilbert 
Club" founded in 1889, having Lord 
Kelvin as its president. This scholarly 
and attractive tercentenary volume has 
also become scarce, but Basic Books has 
now issued a facsimile for its "Collectors 
Series in Science." The entire produc­
tion is handsomely executed and mod­
estly priced. 

H A. LORENTZ : IMPRESSIONS OF
· 

HIS 

• LIFE AND WORK, edited by G. L. 
de Haas-Lorentz. North-Holland Pub­
lishing Company, Amsterdam ($2.75). 
No physicist had a greater influence on 
the advances of science brewing at the 
turn of the century than Hendrik Antoon 
Lorentz. When he came upon the scene, 
James Clerk Maxwell's theory of electro­
magnetism dominated theoretical phys­
ics; yet certain of its peculiar complexi­
ties were almost as much a barrier as a 
stimulus to further development. Action 
at a distance had been supplanted by the 
field concept, but in Maxwell's system 
the field was not so much an independ­
ent entity as an attribute of matter in 
motion. This feature gave rise to con­
fusion and dilemmas, especially in the 
study of the electrodynamics of moving 
bodies. It was here, as Einstein said, that 
Lorentz achieved his act of "intellectual 
liberation." He discarded the notion that 
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matter is the carrier of the field, and 
proposed instead the bold hypothesis 
that the seat of the field is empty space, 
or, as it was then called, the ether. By 
this stroke he simplified the vector model 
and evolved a theory comprehending all 
electromagnetic phenomena, including 
the electrodynamics of moving bodies. 
Lorentz's theory met all questions ex­
cept one-the fateful Michelson-�'1orley 
result-which was not to be whollv re­
duced until Einstein announced the spe­
cial theory of relativity. But even this 
famous departure depended upon an­
other of Lorentz's discoveries, the so­
called Lorentz transformation, which, 
by "pulling time and space askew," 
helped overcome the paradoxes of the 
Michelson-Morley experiment, and ex­
plain why no ether-wind effect was to be 
found. Like Henri Poincare, Lorentz 
failed to generalize and draw the full 
conclusions from his hypothesis, thus 
leaving the crowning step to Einstein; 
but as the latter has remarked, Lorentz's 
insight "simply had to lead to the special 
relativity theory." The present volume, 
a modest tribute to so creative a man, 
consists of essays by relatives, friends 
and pupils, who discuss Lorentz's work 
and sketch his life. The longest contribu­
tion is by his daughter, herself a physi­
cist, who gives revealing personal remi­
niscences of her father. A. D. Fokker 
describes Lorentz's famous dissertation 
on the reflection and refraction of light, 
his theory of electrons, the development 
of Maxwell's theory, his achievements in 
molecular theory, the evolution of the 
celebrated transformations. Other papers 
deal with the bearing of his work on 
modern electromagnetic telecommuni­
cation (B. Van Der Pol), his study of the 
effect of the enclosure of the Zuyder Zee 
on the tides (J. Th. Thijsse), the gen­
eral influence of his ideas on modern 
physics (H. B. C. Casimir). In a touch­
ing tribute written especially for this 
volume, Einstein speaks of Lorentz's 
greatness as a scientist, of his kindness, 
sense of humor and "perfect serenity," 
of "his half sceptical, half humble dispo­
sition." "For me personally," he says, 
" [Lorentz] meant more than all the 
others I have met on my life's journey." 

SPIDERS, SCORPIONS, CENTIPEDES AND 

MITE S :  THE ECOLOGY AND NATURAL 

HISTORY OF WOODLICE , M YHlAPODS 

AND ARACHNIDS, by J. L. Cloudsley­
Thompson. Pergamon Press ($9). Six 
hundred thousand species of insects are 
known, and the total number in existence 
probably exceeds a million. There are 
more species of beetles than of all other 
animals in the world put together. The 
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mous book, offers completely 
up-to-date material on rock­
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travel and the power and 
compos ition of the atom ; 
matter, e nergy and physi­
cal law ; the riddle and evo­
lution of life ; and the world 
o f  man from ape to civi l i za­
tion.  768 pages. $6 .95 
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speech can be electronically photographed and 
analyzed . . .  binaural and stereophonic sound 
. . .  and electronic t a lking and hearing m a ­
chines. Clea rly Uluminating the t e x t  al'e 8 6  
helpful drawings and photographs. The book 
ends with a plea foJ' help from amateur scien­
tists who can fill many im])ortant gaps in 
acoustical research with simple apparatus­
and imagination. 

"Expertly unified account of speech, hearing 
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variety of insect shapes and sizes and 
their adaptability stagger the imagina­
tion. The beetle Niptus hololeucus can 
live on cayenne pepper, thrive on sal 
ammoniac, and dwell cosily in the corks 
of entomologists' cyanide killing-bottles ;  
the By Psi/opa petrolei inhabits puddles 
of crude petroleum; the African goliath 
beetle measures four inches in length 
and two in breadth; Ornithoptem vic­
toriae, a magnificent butterBy of the 
Solomons, has a wingspread exceeding 
one foot; some of the parasitic Hyme­
noptem, at the other end of the scale, 
are less than a hundredth of an inch in 
length, despite their complex structure. 
Less is known about other terrestrial 
arthropods, but it is certain they are no 
less interesting. This book bears out the 
fact. The species with which it deals 
face the problems of all small animals on 
dry land. A major problem is to escape 
desiccation. One solution is to avoid dry 
places and to dwell mostly in a humid 
environment (but small animals must 
avoid becoming waterlogged or trapped 
by surface tension); another is to evolve 
an integument which retains moisture. 
Arthropods have exploited both meth­
ods. Woodlice, centipedes, millipedes 
and their kin lack a wax covering and 
therefore live where it is moist, and 
journey abroad only at night when the 
temperature drops and the relative hu­
midity rises. The author discusses the 
ecology and natural history of each spe­
ices, provides bibliographies, a classifi­
catory index, a glossary and 16 pages of 
plates. This is an attractive and readable 
book, but the price is prohibitive. 

Notes 

BRITISH PHILOSOPHY IN THE M ID­

CENTURY, edited by C. A. Mace. The 
Macmillan Company ($5.25). A Uni­
versity of Cambridge symposium con­
sisting of lectures given at the university 
in 1953 by various philosophers and sci­
entists, including C. D. Broad, A. C. 
Ewing, R. B. Braithwaite, A. J. Ayer, 
Gilbert Ryle, H. Bondi and the late G. E. 
Moore, who made one of his rare ap­
pearances. 

RUSSIAN-ENGLISH GLOSSARY OF SOLID 

STATE PHYSICS, edited by I. Emin. Con­
sultant's Bureau, Inc. ($10). Four thou­
sand terms of solid state theory, crystal­
lography, physiCS of metals, metallurgy, 
ferromagnetism, semiconductors and re­
lated fields, taken from recent issues of 
Soviet physics journals. 

THE CAMBRIDGE BIBLIOGRAPHY OF 

EKGLISH LITERATURE : VOL . V, SUPPLE-

1 64 

MENT : A.D. 600-1900, edited by George 
Watson. Cambridge University Press 
($13.50). A supplement to a noted ref­
erence work, bringing up to 1955 the 
lists of books in the various sections deal­
ing with subjects ranging from Eliza­
bethan sonneteers to philosophy and 
science. 

STUDIES IN THE M ATHEMATICAL THE­

ORY OF INVENTORY AND PRODUCTION, by 
Kenneth J. Arrow, Samuel Karlin and 

. Herbert Scarf. Stanford University Press 
( $8.75). A series of interrelated papers 
treating the general mathematical con­
cepts behind efficient inventory and 
production control. An introductory es­
say by 1\.rrow sketches the historical 
background of the present burgeoning 
study, using quite powerful tools, of 
optimal policies for holding inventories. 

M ATHEMATICAL THEORY OF COM­

PRESSIBLE FLUID FLOW, by Richard von 
Mises, Hilda Geiringer and G. S. S. Lud­
ford. Academic Press Inc. ($15). This 
monograph, representing the first part 
of an intended comprehensive work on 
compressible Bow, was begun by von 
Mises, and completed after his death by 
Geiringer and Ludford. 

NATIONAL ACADEMY OF SCIENCES 

BIOGRAPHICAL MEMOIRS : VOL . XXXI. 
Columbia University Press ($5). The 
subjects of this volume include Walter 
Adams, Gilbert Bliss, Edwin Conklin, 
Edward Kasner, Gilbert Lewis, Ralph 
Linton, Arthur Noyes, John Peters . 

ELEMENTARY NUMBER THEORY, by 
Edmund Landau. Chelsea Publishing 
Company ($4.95). A translation from 
the German of Landau's well-known 
work based on part of his lectures given 
at the University of Gottingen from 
1921 to 1924. 

STRUCTURE AND E VOLUTION OF THE 

STARS, by Martin Schwarzschild. Prince­
ton University Press ($6). Character­
ized by the author as a book for "tem­
porary use," which aims to summarize 
the present state of the theory of stellar 
structures and thus "to help prepare the 
next developments." 

FRONTIERS IN C YTOLOGY, edited by 
Sanford L. Palay. Yale University Press 
($9.75). In this volume are collected 
studies dealing with the new concepts 
and hypotheses of the cell, growing out 
of researches in recent years. The stu­
dies are based on lectures presented at 
Yale University in 1955 in memory of 
the pathologist Henry Bunting. 
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"ECLIPSE" a recent painting by Simpson-Middleman, gifted artistic 
interpreters of the physical sciences. About tbis new expression they 
write: '''Eclipse was painted as a result of watching an actual eclipse 
of the 8un. We were particularly struck with the curious light that 
was both dim and glowing and the unusual pattern of the shadows 
on the leaves of the trees around us. We had never seen any­
thing like it before." Painting courtesy of John Heller Gallery, Inc. 

Space projects at Boeing 

Engineers and scientists at Boeing are at work 
on a d v a n c e d  p r oje c t s  t h a t  i n c l u d e  a s p a c e  
weapon system based o n  a manned orbital vehicle 
capable of re-entry into the atmosphere and 
normal landing. This major contract-supported 
program is a result of recognition of Boeing's 
space-age orientation, its tremendous technical and 
research capability and its extensive weapon system 
management experience. 

Among other space efforts at Boeing is a study for 
an unmanned Martian reconnaissance vehicle pow­
ered by an ion accelerator. The vehicle would escape 
at low continuous thrust to an Earth-Mars transfer 

orbit, then descend to a Martian orbit where it would 
optically observe the surface of the planet. The 
controllable-thrust capabilities of ion propulsion 
would permit correction of flight-path deviations 
from a "memory" electronically pre-programmed 
into the vehicle. Fine corrections would be made 
possible by an optical star-tracking system. 

These and other rapidly expanding space flight pro­
grams have created exceptional career opportunities 
at Boeing for scientists and engineers of all cate­
gories. For complete details, drop a note now to Mr. 
Stanley M. Little, Department B-8l, Boeing Airplane 
Company, Seattle 24, Washington. 
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Why is a powerful link in .the communications chain 

Speed and reliability make LABIL, Stromberg-Carlson's 
new data link, ideal for automatic transmission of flight 
information from light aircraft to ground receiving 
and control locations. 

Into the link the pilot or observer can enter 13 types 
of data regarding flight and target. When the ground 
control group wants the information, a lamp on the 
panel of the airborne equipment lights. The pilot or ob­
server presses the transmit key, and the entire stored 
message is automatically transmitted over his existing 
voice communications equipment. 

Greatly increased reliability is achieved by transmit­
ting each character twice. 

At the receiving end the message is checked for errors 

STROMBERG-CARLSON 

due to noise interference. The error detector examines 
the two transmissions for complete agreement, then 
prints the message out on a teletypewriter. Speed of 
transmission is limited only by the bandwidth of the 
communications equipment and printout device. 

The standard format and digital nature of each trans­
mission make LABIL easily adaptable to large-scale oper­
ational control systems in which automatic data han­
dling is a requirement. 

Complete technical data on Stromberg-Carlson's 
Light Aircraft Binary Information Link is available 
on request. 

"There is nothing finer than a Stromberg-Carlson" 

A DIVISION OF GENERAL DYNAMICS CORPORATION 

1470 N. GOODMAN ST • •  ROCHESTER 3, N. V. 
Electronic and communication products for home, industry and defense 
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TWO 500 HP SOLAR GAS TURBINE engines 
produce cruising speeds of better than 
35 mph in this commercial workboat-
50 per cent faster than the same boat 
using diesel power! By reducing the 
time required for commercial workboat 
operation, the 55-foot turbine-powered 
craft can save thousands of dollars daily 

in some applications. And remarkable 
Solar gas turbines offer other significant 
advantages-including light weight, 
absolutely no vibration, easy mainte­
nance, low noise and ability to burn a 
variety of fuels. Learn how Solar gas 
turbines can step up your commercial 
boat operation. Write to Dept. F-76, 

Boat built by Sewart Seacraft, Berwick, La. 

Solar Aircraft Company, San Diego 12, 
California. 
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"The Crew Sang, Played Cards, Caught Clams" 

Before the submarine won recognition as a naval 

weapon, there had been at least a hundred years of 

experimentation with submersibles. Bushnell's 

Turtle futilely attacked British warships during 

the Revolution. Robert Fulton's Nautilus briefly 

interested Napoleon. The Confederate submarine 

Hunley went down off Fort Sumter with her 

one victim, the frigate Housatonic. The Union 

tinkered unsuccessfully with a small, hand-cranked 

submarine, The Intelligent Whale. In 1897, 

Simon Lake launched his wheeled Argonaut, 
designed to sink straight down rather than to dive. 

The craft explored the Chesapeake Bay area 

while the crew sang, played cards, caught clams. 

But in 1897, also, John P. Holland, founder of the 

Holland Torpedo Company, predecessor of 

Electric Boat, launched the Holland, a "porpoise 

dive" boat destined to be chosen three years later 

as the United States Navy's first submarine 

and eventually the world's model. 

From Chapter 2 0/ "Dynamic America," a history 0/ 
420 pages and 1500 illustrations to be published soon by 
Doubleday & Company and General Dynamics Corporation, 
445 Park Avenue, New York 22, N. Y. 

GENERAL DYNAMICS 
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