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Photo courtesy Capitol Records, Inc., Hollywood, California 

Answer to a Pressing Question About Stereo 
Listen to a stereophonic record and the music swirls 

around you. This remarkable realism comes from the 

record grooves-where the needle or stylus moves both 

laterally and vertically. With regular hi-fi, the stylus 

moves only from side to side. 

This presents a real challenge for the record maker. 

Simply stated: how to press stereo records with grooves 

tough enough to do twice the work without sacrificing 

quality of tone. The answer for one major record com

pany: PLIOVIC, Goodyear vinyl resin. 

Not only does Pliovic toughen the grooves - it has 

improved compound "flow" during high-speed press

ing, reduced flash, lowered rejects and made possible 

more efficient, more economical production. Most im

portant of all - it has enhanced the illusion of living 

sound. 

Want to improve the strength-and sales appeal-of 

your product? PLIO VIC may well be the answer. For 

more information, write Goodyear, Chemical Division, 

Dept. E-9457, Akron 16, Ohio. 

CHEMICAL DIVISION 
PlIpvic-T.M. The Goodyear Tire & Rubber Company, Akron, Ohio 
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rockets 
and 

missiles 
Componentry capabilities of the 

Kelsey-Hayes Company as a supplier of 

precision propulsion assemblies, structural 

parts and exotic high temperature 

materials for first and second generation 

rockets and missiles include-

Swivel nozzles. hydraulic control systems 

and auxiliary power supply systems for 

thrust vector control; weldments, rocket 

and combustion chambers for liquid and 

solid propellant propulsion systems; 

inner cones, exhaust cones, rotating wheel 

assemblies; vacuum induction melted 

alloys to withstand corrosive and 

extremely high temperature atmospheres; 

advanced design, research and develop

ment in gas dynamics, internal ballistics, 

transient heat and thermal stress analysis. 

Kelsey-Hayes Company, 

General Offices: Detroit 32, Mich igan 

KELSEY
HAVES 
©©[m]�ffi[KQW 
Automotive, Aviation and Agricultural Parts 
Hand Tools for Industry and Home 

18 PLANTS: Detroit and Jackson, Michigan; 
Los Angeles; Philadelphia and McKeesport. 
Pennsylvania; Springfield, Ohio; New Hartford 
and Utica. New York; Davenport, Iowa; 
Windsor. Ontario. Canada. 
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BAUSCH & LOMB 
STEREOMICROSCOPES 

BAUSCH & LOMB OPTICAL CO. 

69441 St. Paul Street, Rochester 2, N. Y. 

o Send me new B&L Stereomicroscope Catalog D·IS. 

o Schedule a demonstration at my convenience. 

o I"d like to borrow a B&L Stereomicroscope for IS·day 

trial without cost or obligation. 

Name. Title 

Company 

FEATURING 

STEREO 

CONTINUOUSL V 

VARIABLE POWER 

Here's a completely new optical concept to speed 
and simplify work requiring 3D views. Just turn 
the magnification knob and watch the crisp stereo 
image zoom to the exact size you need. Not just 
a few fixed powers, but any power within the wide 
stereo range. The newest step forward to faster, 
easier 3D work ... exclusive with Bausch & Lomb. 

Featuring Exclusive POWER POD Design Concept 
• Sealed to prevent dust and foreign matter 

from entering optical system! 

• No nosepiece! 

• No individual objectives ... 
no objectives to change! 

• No image jump! 

• No image blackout! 

Featuring NEW LOW PRICE 
• . .  about one-third lower than previous line! 

BAUSCH 6- LOMB MAIL COUPON NOW! SINCEV18S3 
Address .. ............. .. ... . ....... : America's only complete optical source 
City ................ . ..... Zone ...... State .. . . I ' . .  from glass to finished product 

----------------------- � 
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3000 

POUNDS 
OF LEAD 

WEIGH 
EXACTLY 
1V2 TONS; 

may require reinforced floors; cost 
approximately $800.00; and are altogether 
superfluous with the availability of the 

new Arnperex® Type 18515/Type 18517 
Low-Level Beta Counte1'. 

In recent years, 
the measurement of low level radiation 
has become increasingly important, par

ticularly in connection with the radio

active contamination of the atmosphere, 

water supplies, food-stuffs, and the 

waste material from medical, radio
chemical and nuclear laboratories. 

Hence, an acute need has developed for 

a reliable, ultrasensitive Geiger count

ing system which combines accuracy and 
compactness at a moderate cost. 

The new Amperex Type 18515/ 
Type 18517 low level beta cot:nter tube 
configuration now makes such a system 

possible. A single cosmic ray guard tube, 
Type 18517, now replaces an entire array 

of up to thirty guard tubes heretofore 
required in low background systems. 

A system u t i l izin g  the new 

Amperex tubes requires only 400 Ibs. of 

lead shielding to achieve backgrounds in 
the order of 1 cpm-thus eliminating as 
much as 3000 Ibs. of shielding material 
necessary for a conventional system. 

4 

The resultant simplification in 
circuitry, plus the elimination of multi
guard tube malfunctions, provides a 
dramatic increase in system reliability. 

By virtue of its unique design, 
the beta detection efficiency of the 
Amperex 18515 beta tube greatly ex
ceeds that obtained by any previous 
halogen-quenched, thin-window tube. 

Because of its unique construc
tion, processing, and gas mixture, the 
cosmic ray efficiency of the guard counter 
is virtually 100%. Hence, NO cosmic ray 
can actuate the inner tube without simul
taneously actuating the guard counter. 

Thus, AMPEREX has again 
turned its 'proprietary' manufacturing 
techniques to the implementation of an
other significant new development in 
radiation measurement from the re
search laboratories of Philips of the 
Netherlands. 

For additional information, write 
to Semi-Conductor and Special Purpose 
Tube Division, Amperex Electronic Corp., 
230 Duffy Ave., Hicksville, L. I., N. Y. 

about their full range of radiation counters. 
high temperature radlallon counters, 

photomultlplltus, photo-sensitive de"'t:e$, 
indicator tubes, premium electron 
tubes lind semi-conductors. 

The photograph on the cover de
picts part of an experiment which 
suggests that classical theories of 
color vision are inadequate (see 
"Experiments in Color Vision," page 
84). In the foreground is a trans
lucent screen. Over the top of the 
screen may be seen a projector with 
two lens systems. One of these sys
tems is fi tted with a red fil ter; 
through the system is projected a 
black-and-white positive transpar
ency, made through a red filter, of 
the colored objects on the screen. 
The other lens system has no filter; 
through it is projected another 
black-and-white positive transpar
ency, made through a green filter, of 
the same objects. When the two 
images, one red and one white, are 
superimposed on the screen, the ob
jects appear in full natural color! 
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* 

LIBRASCOPE AIRBORNE COMPUTERS * 

IN A CLOUDED MOMENT OF DECISION, Librascope Air

borne Digital Computers read-out accurate data ... providing 

fire control, auto -navigation and bombing information - The 
reason: experienced Librascope engineers conceive and 

design computers and systems compatible with input data. 

Optimum system accuracy and reliability at minimum size 

and weight is achieved. - In the field, Librascope Airborne 

Computers are proving the dependability predicted in lab

oratory tests. Many military systems rely heavily on Libra

scope equipment and controls for right answers when they 

need them. Adaptable to your needs are our two decades of 

experience creating COMPUTERS, CONTROLS, and SYSTEMS for 

both military and industrial use. 

For infornwtion on career opportunities at Librascope, 
write Glen Seltzer, Employment Manager. 

Typical of Librascope's leadership in airborne digital computers are: 

A Incremental digital computer for Navy aircraft calculating bombing and 

navigation information. (Developed in 1954.) B Small transistorized 

general purpose digital computer for such problems as auto· navigation for 

aircraft and missiles. (Developed in 1958.) For detailed information on how 

Librascope solutions can apply to your computer systems problems, write ... 

A 

GENERAL 
PRECISION 

COMPANY 

LIBRASCOPE, INC . •  808 WESTERN AVENUE ' GLENDALE, CALIF.' A Subsidiary of General Precision Equipment Corporation 
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The Case For 
lOSmm Miniaturization 
0/ Engineering Drawings 

Micro-Master® IOSmm, supplied by K&E, 
IS the only system designed specifically 

for engineering drawings 

Micro-Master 105mm offers the gen
eral advantages you expect of any 
miniaturization system - space savings, 
protection of costly originals, and ready 
distribution of duplicates. But Micro
Master provides these advantages with
out over - mechanization. A 105mm 
negative - measuring a generous 4 by 6 
inches - is large enough to be located 
easily and read quickly without elabo
rate scanning and sorting devices. In 
addition, a national network of K&E 
dealers stands ready to provide the 
105mm service you need. 

A Complete System 

from Film to Print 

Micro-Master is a totally integrated 
system for photographing, film process
ing and final reproduction or projection 
printing. Completely precision - engi
neered - from optics through films, 
papers and chemicals - the system pro
vides extremely sharp, high - contrast 
"thin" negatives that furnish high
quality, absolutely uniform prints. Cri
tical alignment of camera and projector, 
and special vacuum frames which hold 
materials absolutely flat, are typical of 
the optical and mechanical features 
that make the Micro-Master system an 
engineering aid of highest quality. 

No Distortion In Blow-Backs 

Maximum reduction or enlargement for 
Micro-Master 105mm is 10 diameters 
-not up to 30 diameters as with smaller 
negatives. Thus, when drawings as large 
as 40 by 60 inches are reduced or re-

-

enlarged, they retain a clear, sharp 
quality - even in the corners. There is 
no distortion or loss of detail, for all 
Micro-Master reproductions are made 
inside the photographic "quality bar
rier" of 10 diameters. Projection prints 
can be made on inexpensive paper as 
well as on cloth or film. 

Like-New Prints 

from Worn Originals 

Old originals can be restored, too 
even when badly damaged. The Micro
Master process uses reflected rather 
than transmitted light. Thus, detail 
which has been lost through light ab
sorption--due to dirt or discoloration
will "snap back" on the film - giving 
you clean prints with clear backgrounds 
and sharp black lines equal to ink lines. 
The large negative size makes it easy 
to see and eliminate unwanted areas by 
"opaquing out." Any small paint brush 
can be used for this purpose. 

Easy to Read ... Always Accessible 

You can read almost every detail on a 
105mm negative just by holding it up 
to a window or other light source. Table 
viewers are recommended for close 
study, but are not necessary in the 
"search and selection" phase. In a large 
plant or office, engineers can find and 
consult from 105mm negatives without 
waiting for search and delivery of 
originals, and without having to blow 
back tiny reductions to a readable size. 
Engineers or technicians at branch 

plants, warehouses or field installations 
can maintain compact, complete files 
of project information - accessible at 
any time without special equipment. 

Easy to File, Easy to Mall 

Micro-Master is a miniaturization sys
tem providing individual negatives that 
meet archival requirements. Each nega: 
tive is kept in its own 5" by 8" envelope. 
There is ample space on the envelope 
for large, legible identification coding 
and other information. Over 12,000 
drawings can be stored in a standard 
5" by 8" card file cabinet. No com
plicated cross-indexing is needed, for 
negatives of original drawings and all 
subsequent revisions can be grouped in 
the same file, ready for immediate ref
erence. The absence of sorting devices 
eliminates scratches and other film dam
age resulting from excessive mechanical 
handling. 

See Your K&E Dealer 

for Information, 

Equipment, Service 

A camera, projector, three types of 
viewers, and all necessary printing ac
cessories are available with the Micro
Master system, and all equipment can 
be obtained through your local K&E 
distributor. He can also furnish 105mm 
reductions and enlargements of your 
drawings as a service. For complete 
information, call your K&E dealer, or 
write to Keuffel & Esser Co., Dept. 
SA-5, 300 Adams St., Hoboken, N. J. 

KEUFFEL & ESSER CO. 

NEW YORK' HOBOKEN, N. J . •  DETROIT' CHICAGO' MILWAUKEE' ST. LOUIS' DALLAS' SAN FRANCISCO' LOS ANGElES ' SEATTlE ' MONTREAL 
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Turn 
ideas 
into 

reality ... 
with 

Bulova 

How can Bulova fac ilit ies broaden your program? 

Bulova's vast facilities make it one of the largest high-precision manufacturers in the nation. It stands second to 
none in research and development, in mass producing items to precise tolerances, in instrumentation and auto
mation and electronics. 

Bulova is a modern industrial complex capable of carrying the total responsibility for design, development and 
manufacture of mechanical, electro-mechanical and electronic devices. 

Experience in precision design, in precision manufacture, is the Bulova tradition, the Bulova capability. Has been 
for over 80 years. For more information write-

Industrial and Defense Sales · Bulova, 62-10 Woodside Avenue • Woodside 77, New York 

BULOVA 
7 

© 1959 SCIENTIFIC AMERICAN, INC



8 

POGO 

Personnel with little or no computer experience can 

now write highly efficient programs of instructions 

for the low-cost Bendix G-IS Computer, by em

ploying the new automatic programming system 

known as POGO. With a set of easy-to-learn POGO 

instructions, the computer can be told how to solve 

problems simply and quickly. 

When these basic instructions are fed into the 

Bendix G-lS computer, the machine takes over and 

automatically writes a new program of instructions 

in its own fast and efficient machine language. Then 

it selects the location in its internal memory where 
each instruction can be found in the shortest pos

sible time. Finally, the computer punches the new 

* Program Optimizer for 6-15 Operations 

AUTOMATIC 

PROGRAMMING 

for the '0-/5 
Digital Computer 

program into paper tape which can be fed back to 

the computer at any time. Thus the computer (via 

POGO) compiles a high-speed program for re

peated use in a fraction of the time it would require 

to write the same program manually. 

The Bendix G-lS is a low-cost, general purpose 

digital computer suitable for a wide range of busi

ness and scientific applications. Over 200 are now 

in operation solving problems in highway design, 

missile impact prediction, textile fiber analysis, 

machine tool design, oil exploration, lens design -

to mention but a few. Complete information on the 

G-IS and POGO will be mailed on request. 

NEW PROGRAM 
STORED ON PUNCHED 
PAPER OR MAGNETIC 

TAPE FOR 

REPEATED USE 

DIVISION OF BENDIX AVIATION CORPORATION. DEPT.C-IO LOS ANGELES 45. CALIF. 
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This machine tool is told where to drill holes, "homes in" so 

accurately that variances are less than the thickness of this page. 

It can be done, with a guiding hand from Automatic Electric. 

Work is programmed on punch cards. These are inserted in a 

computer that reads out instructions to a translator-and-com

mand device that automatically positions the drill. 

AE is an old hand at making automatic equipment for the inde

pendent telephone industry. In fact, almost every device Qr 

system that is operated automatically uses the type of switching 

and relay units originated or manufactured by Automatic 

Electric. 

If you're looking to communications or control to solve a prob

lem, AE can help. We provide engineering advice-deliver the 

basic components or a control "package." To get off on the right 

foot, just write the Director, Industrial Products Engineering, 

Automatic Electric, Northlake, Illinois. 

IDEAS 

AUTOMATICALLY 

AUTOMATIC ELECTRIC 
Subsidiary of 

GENERAL TELEPHONE & ELECTRONICS 

GENERAL 
..--
:>Y:l.HM 
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PRECISION ENGINEERED 
• . •  Meets or exceeds 
most exacting specifications 

SHOCK AND ABUSE TOLERANT • • •  

Laminated Fiberglas and aluminum eggcrate 

construction of front panel very rugged. 

LASTING LEGIBILITY • • •  Vivid colors 

actually photoprinted. Legend and diagrams 

will not chip or scratch off • • .  meets all re

quirements of MIL-P-7788. 

EASY TO ALTER . . •  Legend and diagram

ming can be changed to visualize any new 

findings. 

QUICK LAMP REPLACEMENT .. . Panel 

hinged for access to subpanel components 

permitting 10-sec. lamp change. 

CONCENTRATED GROUPING OF CON· 

TROLS ... Multiplefunction of TRILITE con

trols saves two to four limes space required 

by ordinary panel. 

VERSATILITY OF DESIGN ... The mod

ule concept of construction makes the Astro

matic panel technique extremely versatile. 

WHATEVER ACTION YOU DESIRE TO 

VISUALIZE, ASTROMATIC CAN SUBMIT 

A PANEL DESIGN TO SURPASS YOUR 

EXPECTATIONS. 

ENGINEERED for highest efficiency 
with extreme accuracy 

100% FLUSH PANEL • . .  Eliminates pro

truding hardware • • •  unless specified by hu

man engineering requirements. Switching 

functions may be rece�sed, flush, or over

flush. 

TRI-COLOR LIGHTS • . .  Each light module 

contains separate bulbs and circuits to permit 

three distinct color indications. 

VERSATILE SWITCHING • • •  Momen

tary, positive feel and alternate action switch

ing is available. 

LIMITLESS COLOR COMBINATIONS 

• . .  Versatile TRILITES plus multi-color photo 

printing of panel allows unlimited color guid

ance. 

SCHEMATIC DIAGRAMMING • .• Elimi

nates the written word. Increases speed and 

efficiency of operators and recognition of 

indications. 
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RELIABILITY 
A Wire and Cable Story 

Ten years ago, the TEFLON TFE-fluoro

carbon resins were envisioned by engineers as 

ideal dielectric materials, especially for wire and 

cable. Today these resins are fulfilling that prom

ise in full measure. In advanced scientific and 

industrial applications, their properties have been 

found indispensable. 

For:-TFE resins have the lowest dielectric 

constant and dissipation factor of any solid mate

rials ... and these properties remain constant 

from microwave down to power-line frequencies! 

What's more, this constancy holds true at all 

temperatures within an operating range from 

below -lOO°F. to above 500°F. Surface and vol

ume resistivities for TFE-fluorocarbon resins are 

so high they often exceed the limits of conven

tional measuring instruments. 

Nor are the advantages ofTFE resins confined 

to their electrical properties. The resins have 

almost universal resistance to chemicals, are non

flammable, absorb essentially no moisture. They 

are totally unaffected by the worst tropical 

weathering conditions, as proven by more than a 

decade of outdoor testing. They have excellent 

impact, fatigue and flex strength, even at sub

zero temperatures. 

Plainly, these resins are the answer to practi

cally all reliability requirements for wire and 

cable. For example, a hook-up wire insulated 

with a TFE resin often makes considerable sav

ings possible, because assembly is unhampered 

by damage to insulation due to hot soldering 

irons. The heat resistance of TFE resins permits 

miniaturization; hot conductors will not cut 

through even a thin layer of insulation. RF cable 

with a dielectric of a TFE-fluorocarbon resin 

provides low energy losses and low signal attenu

ation. Multi-conductor cables for aircraft, mis

siles and electronic devices are solving complex 

design problems. Miniature types of cable reduce 

weight substantially. 

If the success or failure of your electronic de

vices hinges on their reliability under all condi

tions, you may benefit from a look into the use of 

wire and cable insulated with Du Pont TFE

fluorocarbon resins. If you haven't checked re

cently, you may be surprised at the technological 

advances wire and cable manufacturers have 

made in using TEFLON TFE-fluorocarbon res

ins and their amazing properties. 

For more information see your local supplier 

(listed under "Plastics-Du Pont" in the Yellow 

Pages) or write to: E. I. du Pont de Nemours 

& Co. (Inc.), Polychemicals Department, Room 

T-395, Du Pont Building, Wilmington 98, Del. 

In Canada: Du Pont of Canada Ltd., P.O. Box 660, Montreal, Que. 

<[OPOfID TEFLON@ TEFLON is Du Pont's registered trademark for 
its jluorocarbon resins, including the 

TFE-FLUOROCARBON RESINS TFE (fetrajluoroethylene) resins discussed herein 
REG.U.S.P .... T.Ofr. 

BETTER THINGS fOR BETTER liVING . . .  THROUGH CHEMISTRY 

II 
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P R OGRESS REPORT 

Solar- pOlNer 
electrical plants 

12 

Development of a self-contained solar-power electrical system 

for a space vehicle is now beyond the working-model stage at 

the T APCO Group. Perfection of a practical small-envelope system 

involves a number of sub-projects ... the mechanical effect of 

meteors on the solar collector, a compact solar boiler system, a 

simple, long-lived vapor-driven turbo-alternator, a self-erecting 

radiation collector, and self-contained orientation controls. 

Impact effects of micro - meteors on materials suitable for 

structures exposed and the solar-energy-gathering devices erected 

on space vehicles are under study. A ISO-kv. electric-field acceler

ator at T APCO hurls micron-size charged particles against targets 

of evaporated aluminum on glass or of solid copper. Size, depth, 

and contour of the craters formed are evaluated for use in design

ing the shell and collector structure. 

To solve the basic problem of knowing "which way is the sun?" 

TRW has designed a device to continuously direct the collecting 

mirror so that the sun's rays remain focused on the boiler. 

Mercury is the heat-exchange medium for the Rankine cycle 

power-conversion unit of the T APco-developed solar-power elec

trical system. A simple boiler vaporizes the mercury by using 

direct solar heat while the vehicle is on the bright side of the 

earth. A heat-of-fusion storage system keeps the boiler and turbine 

operating at full power during the dark-side orbit of the vehicle. 

T he mercury vapor is used to drive a small turbo-alternator. 

Experience of the TAPCO Group in designing and manufacturil(g 

over 2,000 turbo-alternators for APU's extends into the basic 

design of the solar power system. Additional refinements include 

an unusual method of using liquid mercury as the bearing 

lubricant for the rotating machine to avoid problems of wide 

ambient temperature range, long unattended life of the vehicle, 

and possible contamination of orthodox lubricants by the 

vaporized mercury in case of seal failure. 

Let us tell you about the unusual abilities and facilities we 

can put to work on your project. 

TAPCO GROUP 
Thompson Ramo Wooldridge Inc. 

Dept. SA-1559 • Cleveland 17, Ohio 

LETTERS 

Sirs: 
The moving and well-written article 

"Joey: A 'Mechanical Boy' '' [SCIENTIFIC 
AMERICAN, March] calls for the follow
ing remarks: 

As usual in psychiatric case reports, 
a number of statements are made that 
are purely interpretative and cannot be 
proved. Examples: "[Joey] wanted to be 
rid of his unbearable humanity .. . .  We 
learned that the process had begun even 
before birth .... In his papoose fantasies 
lay th�

, 
wish to be entirely reborn in a 

womb. 
Of course there is no harm in poetic 

interpretation of facts unless such artistic 
compositions are given as scientific 
truths. This is too often the case in psy
choanalytically inspired material. Far 
more serious and objectionable are the 
follOWing remarks: 

"Schizophrenia often results from pa
rental rejection .. . .  Joey's . . . relation
ship with his parents . . .  was an extreme 
instance of a plight that sends many 
schizophrenic children to our clinics and 
hospitals." 

Your nonmedical readers must be 
told, loud and clear: 

1. There is not a shred of SCientifically 
acceptable evidence that parental be
havior causes schizophrenia in children. 
This is only a theory too often supported 
by interpretive and isolated case-histo
ries of the kind under discussion. 

2. Countless numbers of children were 
born and spent their first years in re
jecting environments ( concentration 
camps, prisons, etc. ) who did not de
velop schizophrenia. 

3. Countless numbers of children born 
to accepting, loving, even doting parents 
did develop schizophrenia. (I know sev
eral dozens of this kind myself. ) 

4. No human disease is the result of 
one single cause; diseases have multiple 
causes, and the problem of apportioning 
the blame to each of them is far from 
understood; when it comes to schizo
phrenia, the mystery is deeper than 
ever. 

Another statement to be seriously 
challenged is the following: 

"It is unlikely that Joey's calamity 
could befall a child in any time and 
culture but our own." I do not know of 
one single epidemiological and geo
graphical study of the world distribution 
of schizophrenia on which such a state
ment could be based. On the contrary, 
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all available information tends to show 
that the opposite is true. Schizophrenia 
is a universal problem. It is mentioned 
as such in a recent annual report from 
the Direction of Medical Services of 
Ceylon, and is a concern to the Indian 
Medical Research Council. In both 
countries whose cultures differ from our 
own the problem is considered acute, 
and scarce money is spent to meet it. 

Finally I could not help a feeling of 
frustration when I was not told in what 
condition Joey finds himself now. All we 
know is that he has now "entered the 
human condition." To me he was human 
all along because he was sick and be
cause he suffered. This short statement, 
in any case, is not a satisfactory way to 
evaluate a therai)eutic procedure. Does 
the author consider Joey cured? Is he 
able to face the challenge of life? Is he 
discharged and taking his place in so
ciety? If so, we would be delighted to 
read it in unmistakable language. But 
the impression left by the article is that 
it is not so. If it is not so, then the child 
has merely switched from one set of de
lusions to another, merely changed the 
color of his hallucinations. If he is con
sidered improved, what are the criteria 
by which this improvement is measured? 

But if the child is still schizophrenic, 
then the treatment lIsed was ineffective, 
and the cause for his disease is not the 
cause assumed by the therapist. If such 
is the case, has not the time come to state 
frankly that we cannot with current 
methods cure or improve schizophrenic 
children? Should we not revise current 
etiological hypotheses and face the real
itv of our complete ignorance on this 
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SUN-POWERED VOICE 
FOR A MOON 
You put a tremendous lot of effort into getting a man-made 
moon into orbit around the earth ... and what happens? 
In only a couple of weeks, "the cat gets its tongue"! Batteries 
that power the radio soon go dead ... and the moon silently races 
around, heaven knows where. 

To make "moons" talk back for years, the TAPCO Group has 
developed an ingenious electric-power station to fit into a satellite's 
nose. A sun-loving reflector focuses the stln's heat on a tiny boiler 
filled with mercury ... the mercury turns into vapor ... turns a 
tiny turbine ... and drives an alternator ... which generates several 
kilowatts of electric power for the moon-riding radio transmitter. 

Abilities such as this one are at work every day at the TAPCO 
Group ... solving electrical, electronic, missile, space vehicle, and 
metallurgical problems. Tell us your problem ... we'll deliver the 
answer ... AND the complete system, subsystem, or any part. 

DESIGNERS AND MANUFACTURERS OF SYSTEMS, SUBSYSTEMS AND COMPONENTS 

FOR THE AIRCRAFT, MISSILE, ORDNANCE, ELECTRONIC, AND NUCLEAR INDUSTRIES 
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INDIAN POINT. . .  atomic landmark 

Interior of containment structure Construction at Indian Point 

V
ITRO CORPORATION OF AMERICA has played a vital role in estab
lishing many of the technological landmarks of the Atomic Age. 

The latest-and one of the most significant-of these landmarks 
is a great nuclear power station now rising at Indian Point on the 
Hudson River. Beginning in 1961, this Indian Point station will 
pour 255,000 (net) kilowatts of electricity into the Consolidated 
Edison Company system. 

Vitro Engineering Company, a division of Vitro Corporation of 
America, has served shoulder-to-shoulder with Con Edison and 
Babcock & Wilcox in developing this historic station. Its role be
gan with the evaluation of reactor proposals, extended through prep
aration of all construction drawings and now includes assistance 
in the training of Con Edison's operating personnel for Indian Point. 

Vitro makes tomorrow's technology available today 

fiii* Research, development, weapon systems 

$ Nuclear and process engineering, design 

CORPORATION of AMERICA 

� Electronics development and production 

A Refinery engineering, design, construction 

� Uranium mining, milling. and processing 

� Thorium, rare earths, and heavy minerals 

o Recovery of rare metals and fine chemicals 

.;ff Aircraft components and ordnance systems 

6' Cera")ic colors, pigments, and chemicals 261 Madison Ave., New York 16, N. Y. 
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subject with the candor and simplicity 
we wish Joey would use to face life's 
problems? Maybe fresh ideas would pay 
off better than old ones have, 

JACQUES M. MAY, M. D. 

President, The Parents' School 
for Atypical Children 

Vice-President, League for 
Emotionally Disturbed Children 

Chatham, Mass. 

Sirs: 
Dr. May seems to feel that instead of 

a case report I should have written a bal
anced analysis on the causes and treat
ment of childhood schizophrenia. I chose 
to present a case history just because I 
agree with Dr. May that much about 
childhood schizophrenia is still un
known; I preferred to present that about 
which I am certain, namely this unique 
case history. 

Now to Dr. May's main argument: He 
writes in his first point that there is no 
shred of evidence that parental behavior 
causes schizophrenia. If one assumes 
that there is some connection between 
the cause of a disease and the methods 
which bring about its improvement, then 
the frequently observed improvement of 
schizophrenic children who have been 
placed in an environment other than the 
parental one suggests that parental atti
tudes have a great deal to do with child
hood schizophrenia. 

It is much easier to dispose of Dr. 
May's second pOint, that many children 
born in a rejecting environment do not 
develop schizophrenia. This argument is 
about as valid as those once brought 
forth against the germ theory of con
tagious disease, namely that this theory 
is invalid because many people who 
were exposed to the germs did not de
velop the disease. The issue is not that 
some people who are exposed to disease
causing circumstances do not get sick, 
but that some do get sick due to a com
bination of exposure and lowered re
sistance or other predisposing circum
stances. The important issue is what 
additional conditions are necessary for 
a predisposition to develop into acute 
childhood schizophrenia. It is my con
viction that parental attitude and be
havior are the crucial factors which 
change a slumbering predisposition into 
fulminant childhood schizophrenia. In 
speaking of multiple predispositions I 
think I have also disposed of Dr. May's 
fourth point. But since at this stage in 
our knowledge there is nothing we can 
do about these factors, I prefer to dis-
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s-c 4020 
HIGH-SPEED 

MICROFILM 

PRINTERS 

Capable of printing characters and plotting 

points at the rate of 15,000 per second, the S-C 

4020 is equally adaptable to commercial and 

scientific applications where high-speed micro

filming is required. This versatile new printer 

is compatible with most high-speed data process

ing systems used throughout business, gov

ernment and industry ... and is capable of both 

on-line and off-line operation. The S-C 4020 
has resulted from experience gained by Strom

berg-Carlson in the development, manufac

ture and field testing of other microfilm printers 

in the S-C 4000 Series, including the S-C 4000, 
custom-developed for use with the Livermore 

Automatic Research Computer (LARC), and 

the S-C 4010, now used in conjunction with the 

Naval Ordnance Research Calculator (NORC). 

Send for complete information concerning the 

S-C 4020 High-Speed Microfilm Printer. Ask 

for Bulletin 5-J. Write today: 

Stromberg-Carlson - San Diego, 1895 Hancock 

Street, San Diego 12, California. 

GENERAL DYNAMICS 
STROMBERG·CARLSON DIVISION 

© 1959 SCIENTIFIC AMERICAN, INC



16 

we're not sure 

V WHAT YOU CAN USE THIS RELAY FOR 

V HOW MUCH IT WILL COST 

V EXACTLY WHAT THE STANDARD OPERATE & RELEASE VALUES WILL BE 

V THAT THE SPECS, SIZE AND SHAPE WON'T CHANGE 

V THAT IT WILL EVER GET INTO PRODUCTION 

we. !!.!:!! sure 

V THAT THIS IS A DC VOLTAGE OPERATED, SPDT, HIGH RELEASE, 

DEVELOPMENTAL RELAY 

V RELEASE CAN BE ADJUSTED UP TO 95% OF SPECIFIED OPERATE VOLTAGE 

( FROM 6 TO 24 VOLTS ) 

V IT WILL SWITCH 2 AMPERE RESISTIVE LOADS AT 28 VDC/120 VAC ON 

LESS THAN 500 MW. OF SIGNAL 

V IT WOULD BE DANDY FOR MONITORING & CONTROLLING VOLTAGES 

IN AUTOMATIC BATTERY CHARGERS, POWER SUPPLIES, FILAMENT 

CIRCUITS, BATTERY • OPERATED TV SETS 

V THAT CONTACT PRESSURE IS NOT DEPENDENT ON COIL SIGNAL 

V THAT IT IS NOT SUITABLE FOR MILITARY ENVIRONMENT APPLICATIONS 

V THAT IT'S KNOWN AS THE SERIES III RELAY AND THAT A SAMPLE IS 

AVAILABLE AT A PRICE 

Maybe you twiddled the knob on the 

� '\. display of this relay in our booth at 

the last Old Campground meeting. If so, 

we hope you noticed on the meter just 

how close operate and release values can 

be. If you think you might be able to use 

such a relay, we'll gladly send additional 

particulars, with sure and not so sure 

portions clearly marked. 

SIGMA 
SIGMA INSTRUMENTS, INC. 

40 Pearl St., So. Braintree 85, Mass. 

regard them until we know more about 
them. In the meantime, I should like to 
concentrate on those things over which 
we have some control: first, the environ
mental and parental factors which pro
voke the outbreak, and second, the 
methods which help the individual out 
of his schizophrenia. 

About the third point: I have never 
seen a child really accepted and loved 
by his parents who developed child
hood schizophrenia. Perhaps Dr. May's 
word "doting" explains the seeming dis
agreement, because "doting" to me is 
neither accepting nor loving, but rather 
what has been described as "overprotec
tion." This attitude is potentially very 
damaging to a child. 

Now to the specific quotations from 
my article to which Dr. May takes ex
ception. He claims that my statement 
':[JoeyJ wanted to be rid of his unbear
able humanity" cannot be proved. If 
Joey's own repeated statements that he 
did not want to be a human being, that 
he did not want to have anything to do 
with humans because human experi
ences are much too painful, are purely 
interpretive and cannot be proved, I 
should like to know what constitutes 
proof to Dr. May. The same goes for the 
statement that "In his papoose fantasies 
lay the wish to be entirely reborn in a 
womb." It, too, is based on Joey's re
peated declarations. 

That the schizophrenic process had 
begun even before Joey's birth cannot 
be proven, but I do not believe the 
meaning of this remark can be misun
derstood when it is read in the context 
in which it is made. I say in the same 
sentence that this knowledge was ac
quired through interviews with the par
ents, and later I directly quote the 
mother as to the degree to which she had 
excluded the fact of pregnancy from her 
consciousness. Since I believe that ex
treme negative parental attitudes are a 

necessary-though in and by themselves 
not a sufficient-cause of childhood 
schizophrenia, I think it is permiSSible to 
say that this causative factor, according 
to the mother, was at work even before 
Joey was born. 

Another statement to which Dr. May 
takes exception is that "It is unlikely that 
Joey's calamity could befall a child in 
any time and culture but our own." It is 
beyond me how Dr. May could not 
recognize that this did not refer to child
hood schizophrenia as a disease, but to 
the specific form which it took in Joey's 
case. The interesting thing about Joey 
was that he not only believed he was a 
machine, but that he also created this 
impression in others. In the third 
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Test Equipment 
Intermodulation Meters 

Audio Oscillators 

Distortion Meters 
Audio Frequency Meters 
R-F Signal Generators 

Components 
Filters- Low & High 

Frequency 

Low Pass 
High Pass 

Band Pass 

Band Reiection 

Toroidal Coils 

I-F and R-F 
Transformer Assembliesk 

Oscillator Coils 

R-F and Audio Filters 

R-F Chokes 

Air Wound I ndueters 

Transmitting Condensers 
(Variable Air) 

Frequency Multipliers 

Band Switching Turrets 
Rotary Coils 

Antenna Tuning 
Networks 

Delay lmes 

Special Equipment and Systems 
V.H.F. Radio Relay 

Systems 

Mobile Radio Teletype 
Equipment 

AM-SSB Transmitters 
and Receivers 

Direction Finders 

ElectronIc NavigationAid$ 

Radar Sub-Assemblies 
Telemetenng Equipment 
Servo Units 

Amateur Equipment 
AM-CW-SSB Trans

mitters and Receivers 
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Generators 

Grounded Grid linear 

Amplifiers 

Single Sideband 

Receiving Adapters 
Grid Dip Meters 

R-F Frequency 

Multipliers 
low· Pass Filters 
T - R Switches 
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Transmitting R-F Plate 
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Counters 
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Connectors 
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T -368 Transmitter 

SS8-200 Single Sideband 
Transmitter-Receiver 

•. _ asIE:. B & � 

For nearly a quarter of a century, starting with the 

manufacture of the world's first commercial air wound 

inductors, Barker & Williamson has been supplying 

industry and the military services with highest 

quality test equipment, components and 

complete communication systems. 

B&W's experience covers almost every branch of 

electronics and communications_ Whether your problem 

is in research, design, development or production, 

B&W has the experience and the flexible production 

facilities to aid you. For a few coils, or a production 

run of complex electronic equipment it will 

pay you to _ _ _  ask B&W. 

Beaver & Canal • Bristol, Penna. 
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dearborn research leads the way 
in all fields of 
corrosion control 

PIPE LINE corrosion speciolists call for 
both mechanical and chemical protec
tion and get it with Dearborn's NO
OX-ID coatings and wrappers ... 
underground and underwater protec
tion thQt lasts for decades. 

ON RAILROADS, Dearborn's water treatment formulas and 
sludge solvents keep diesels running longer and cleaner. 
NO-OX-/D coatings add years of life to trestles and bridges. 
Exclusive pressure washing systems and cleaners keep ro/l
ing stock bright ... reduce maintenance costs. 

SHIP OWNERS depend on Dearborn's 
NO-OX-/D coatings for long term protec
tion against the continuous corrosive at
tack of inland and salt waters. 

POWER ENGINEERS in all types of industry keep costly boiler 
down-time and repairs at a minimum ... maintain trouble-free 
cooling systems ... with Dearborn water treatment consulting 
service and test equipment engineered to their specific needs. 
Dearborn engineers also assist in designing pre-treatment 
systems including ion - exchange equipment, demineralizers 
and softeners. 

If your responsibilities include 
any phase of water treatment 
o r  c o r r o s i o n  c o n t r o l, y o u  
should b e  receiving Dearborn's 
valuable research and techni
cal bulletins. A request on 
your Company letterhead will 
bring them regularly. 

DEARBORN 
CHEMICAL 
COMPANY 

18 

Executive Offices: 

Merchandise Mart· Chicago 54 
Plants and Laboratories: Chicago 

Linden, N. J . •  Los Angeles' Toronto 

Honolulu. Havana · Buenos Aires 

paragraph I made the point that his case 
seems to me of great relevance because, 
while in any age individuals create their 
delusional world, they "usually fashion 
it from bits and pieces of the world at 
hand." To my knowledge children who 
believed that they were machines run by 
electric currents and by remote control 
have not been described. Therefore I 
felt that Joey's case was of importance 
because his "emotional development in 
a machine age" suggests th.e forms de
lusions may assume in the future. 

I stated that in our world of plenty a 
child like Joey "suffered no physical dep
rivation; he starved for human con
tact." The point is that in more primitive 
cultures such children usually also suf
fered from severe physical deprivation 
and, given their low vitality and the lack 
of adequate medical care, they were not 
likely to survive for very long; it is my 
conviction they usually died in infancy 
or childhood. It is only in our age of 
plenty and excellent medical care that 
more and more of these children survive. 
I cannot see how this is made invalid by 
the report of the Direction of Medical 
Services of Ceylon. 

As for the statement that "Joey en
tered the human condition" with which 
I ended, it, too, is to be viewed in the 
context of what was said earlier, that he 
wanted to be a machine and did not 
want to be a human being. 

Dr. May rightly says that my report 
is not satisfactory for evaluating a 
therapeutic procedure. In the third para
graph of my article, however, I said: 
"This time I shall concentrate on the 
illness, rather than the treatment." An 
author is helpless against the accusation 
that he should have written a different 
article than he wrote. 

I am glad to report that Joey, who 
came to us unable to maintain any con
tact with reality, is presently in high 
school, working at the grade level appro
priate to his age. Since society does not 
expect much more of high-school-age 
youngsters than to function as such and 
to stay out of trouble, I think Joey is 
functioning at the level which society 
expects of a boy of his age. I do not 
claim that he is "cured," not knowing 
what test of cure Dr. May has in mind 
in cases of infantile autism. Suffice it to 
say that the improvement of Joey is felt 
to be remarkable by all those who have 
known him over the years. 

BRUNO BETTELHEIM 

Sonia Shankman Orthogenic School 

University of Chicago 
Chicago, Ill. 
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G M I deas for tomorrow minded industrial men 
Looking for new ways to improve your 
products? To speed production? To 
cut costs? Take a look at these 
GMIdeas for industry. Possibly you'll 
discover a way to do all three. Or, 

you might see an opportunity to 
create entirely new products for new 
markets. Write for more facts. We'll 
be happy to share our experience in 
these fields with you. 

INDUSTRIAL GROUP 
Chemical Division. Mechanical Division. Oilseeds Division. Special Commodities Division 

GMldea / No. 533 for new product minded people 

Just Push the Button to 
Remove Static Electricity 
From Rugs, Fabric, Plastic 

Imaginative men have found that fatty quater
nary ammonium chlorides, one group of our fatty 
nitrogen chemicals, are an ideal base for commer
cial anti-static agents. These preparations are 
easy to formulate-can be packaged in aerosol 
cans for simple application. In airplanes, ships and 
buses, or in homes, hotels, offices or stores, they can 
be sprayed on rugs, furniture, seat covers, cloth
ing and other articles - eliminating irritating, and 
sometimes costly, static charges for long periods of 
time. Applied during manufacture of synthetic 
fibers, plastics and plastic films, they neutralize 
static charges, make processing easier and faster. 

GET MORE INFORMATION about General Mills fatty 
nitrogen chemicals. Write GMldea man H. T. Von Oehsen, 
Kankakee, Illinois. 

CHEMICAL DIVISION 

General Mills does not make anti-static preparations, only 

the basic fatty nitrogen chemicals that make them possible. 
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GMldeaj No. 832 for vinyl plastic producers 

Ep-oxy.Gen, New Vinyl 
Stabilizer, Protects Plastic 
Seat Covers From Sunburn 

General Mills research discovered epoxidized fatty esters 
as plasticizing stabilizers for vinyl resins. Now this same 
research unveils EpoxyGen, an epoxidized soybean oil 
that keeps vinyl plastics color fresh and soft to the touch 
even after prolonged exposure to blistering 100 degree 
temperatures. EpoxyGen establishes a new high standard 
of quality in epoxidized soybean oil-up to 10% higher 
epoxy content, up to 50% fewer impurities, up to 50% 
lower viscosity. And EpoxyGen is always uniform, has 
less tendency to spew, is perfectly compatible with most 
vinyl formulations, assures greater stabilization. 

GET THE FACTS about improving vinyl resins with EpoxyGen. 
Write GMldea man Walter Flumerfelt, Minneapolis 26, Minnesota. 

OILSEEDS DIVISION 

OMldeal No. 833 for ore processors 

Fast Dispersing Guar Gum 
Now Makes Mineral 
Recovery More Profitable 

Today's big news in ore processing is Guartec M
General Mills' new guar gum that disperses quickly and 
effectively in mill water operations. In tlotation systems, 
just a trace of this fast wetting hydrocolloid depresses 
worthless matter such as clay and talc, keeps it from 
tloating off with the valuable mineral. Guartec 1\1 has 
wide application as a tlocculant in thickeners and as a 
filter aid in most ore concentration mills. It is milled 
from select guar beans grown in the U.S. and Pakistan. 
Every bag carries the General Mills seal of quality and 
uniformity control. 

GET ALL THE FACTS about fast wetting Guartec M. 
Write GMldea man Fred Pugh, Minneapolis 26, Minnesota. 

SPECIAL COMMODITIES DIVISION 
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GMldea/ No. 834 for handlers of lethal materials 

This Mechanical Arm Does A Super Man's Job 
in Areas Where Ordinary Man Cannot Go 
Now safe handling of radioactive, toxic, ex
plosive and other biologically dangerous 
materials is a simple matter with the 
General Mills Mechanical Arm. The elec
tro-mechanical device is operated from an 
easily mastered control console located 
safely away from danger areas. Standard 
models are rugged enough to lift 5,000-
pound loads and yet delicate enough to 

handle fragile glassware without modifi
cation between operations. Developed 
more than a decade ago, the Mechanical 
Arm is today basic equipment in nearly 
every major atomic installation in the 
U.S. In addition to our standard models, 
we manufacture custom equipment, in
cluding automatic controls, for all kinds 
of industrial handling problems. 

GET ALL THE FACTS about General Mills' experience in remote handling equipment. 

Write GMldea man A. B. Driscoll, 419 North 5th St., Minneapolis 1, Minnesota 

Nuclear Equipment Department MECHANICAL DIVISION 

Photo courtesy of Oak Ridge National Laboratory, operated by Union Carbide Corporation {or the U.S. Atomic Energy Commission. 

for other far reaching ideas yet to come, keep looking to ... 

INDUSTRIAL GROUP 
Chemical Oivision • Mechanieal Division . Ollseeds Division . Special Commodities Division 
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PROGRESS REPORT ... TORRINGTON NEEDLE BEARINGS 
A drawn cup, a full complement of small diameter rollers, 

a turned lip - these simple elements of the Torrington 
Needle Bearings have made invaluable contributions to 

the improvement of countless products in simplicity, 

economy and reliability. 

. And from these basic elements, Torrington has evolved 

other types to meet modern engineering demands. Add an 

ingenious stamped steel retainer, and you have the new 

Drawn Cup Roller Bearing, a refinement especially suited 

to extreme speeds or once-a-Iifetime lubrication. Thicken 

and carburize the race, and you have the new Heavy 

Duty Roller Bearing with its exceptional shock resistance. 

Take the small rollers, sandwich them between two inter

locking disc-like retainers, and there is the new Needle 

Thrust Bearing, anti-friction companion in compactness 

and economy to the Radial Needle Bearing. 

These are only a few of the recent developments in 

Torrington Bearings and are typical of Torrington's con

tinuing efforts 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 
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water-lubricated GRAPHITARIt 
(CARBON-GRAPHITE) 

bearings in "canned" motor pumps 
give exceptional performance in 
high-pressure, high temperature 

fluid systems 

\ 

Special hermetically sealed motor-pumps, known 
also as "canned" motor pumps, were developed 
by Westinghouse Electric Corporation to handle 
radioactive water with zero leakage. These same 
pumps have proven a convenient means of pump
ing high temperature fluids for a number of 
nuclear reactors and other high pressure, high 
temperature fluid applications. 

The thrust bearing utilized in the "canned" motor 
pump is a self-equalizing, water-lubricated, 
pivoted-pad bearing with inserted GRAPHITAR 
bearing surfaces. The radial sleeve bearings are 
also made of GRAPHITAR and are designed to 
be lubricated by the pumped fluid only . . .  in 
the case of pumps used in nuclear reactors, only 

radioactive hot water is employed as lubrication. 

GRAPHITAR is utilized extensively in tough 
applications because of its many unusual proper
ties. It is non-metallic, resists chemical attack, has 
self-lubricating properties, a low coefficient of fric
tion, is mechanically strong, hard as steel and 
lighter than magnesium. GRAPHITAR will not 
warp and shows no expansion or contraction in 
extreme temperature changes. 

This versatile engineering material, 
GRAPHITAR,may well solve one of your 
difficult design problems. For further in
formation on GRAPHITAR and its many 
applications, send for our engineering 
manual No. 20. 

R-266·1 

THE UNITED STATES GRAPHITE COMPANY 
DIVISION OF THE WICKES CORPORATION, SAGINAW 6, MICHIGAN 
GRAPHITAR® CARBON·GRAPHITE • GRAMIX® POWDERED METAL PARTS • MEXICAN® GRAPHITE PRODUCTS • USG® BRUSHES 
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400'�OOO.VOLT 
Van' de Graall® 

/, ... , :j " 

POSITIYE.ION 
ACCELERAtOR 

••• yields 1010 neutrons per second in continuous 
operation with new tritium target (0-T reaction). 

High output, in pulsed and continuous operation, 
is a feature of the Model PN-400 positive-ion 
accelerator. 

Versatile, low-cost, and safe in operation, the Model 
PN-400 is especially useful in teaching nuclear 
physics and reactor engineering. 

Useful applications include: studies of neutron scat
tering, neutron-induced nuclear reactions, tran
sient and steady-state effects in subcritical reactor 
assemblies, radiation damage, activation analysis, 
and biological effects of neutrons. 

AdVtlhftlges 
High output 

400,000 volts; continuous 
beam current controlla b l e  
from 1 0  t o  150 p'a; pulsed 
current, 100 p.a. 

Small size 
111 inches overall, including 
48-inch tube extension. 

Safety 

Entire high-potential system 
enclosed; target at ground. 

Proved design 

Based on 12 years experience 
in building Van de Graaff 
particle accelerators. 

Bulletin PN 
gives details of performance. 
Write our 
Technical Sales Department 
for your copy. 

50 AND 100 
YEARS AG'O 

MAY, 1909: "George Albert Smith 
and Charles Urban have exhibited very 
satisfactory moving pictures in approxi
mately natural hues, using only two 
colors, with the aid of colored light in 
projection, The negatives are made on 
a single film, alternately exposed through 
the red and green-blue halves of a disk 
which rotates with the proper velocity 
between the film and the lens. The posi
tive film made from this negative film is 
projected with the aid of a similar de
vice. Hence positives 1, 3, 5, 7, etc., of 
which the negatives were photographed 
through a red filter, are projected in red, 
and positives 2, 4, 6, 8, etc., from nega
tives made with a green filter, are pro
jected in green. The colors of the suc
cessive pictures (modified by the special 
fixed color screen used in projection) 
are combined by the persistence of 
retinal impressions and approximately 
reproduce the natural tints of the scene. 
The varying tints of the red coats of 
soldiers drilling in direct sunlight were 
beautifully brought out." 

"Flemming has recently made a num
ber of ascensions in a fire balloon for the 
purpose of studying the radioactivity of 
the upper strata of the atmosphere. 
Radioactive emanations were detected 
at all elevations attained by the balloon, 
which ascended more than 10,000 feet 
above the earth. The strongest radio
activity was found in the fourth ascen
sion, which was made in a storm, but 
further observations will be required in 
order to determine the existence of a 
connection between atmospheric condi
tions and the degree of radioactivity." 

"Many farmers will tell you that if 
you plant potatoes in the dark of the 

moon, they will run to tubers, and if in 

the light of the moon, they will run to 

tops, and crops are planted accordingly. 

There is usually a basis in fact in any 

superstition; and the moon superstition 

is so deeply rooted that a number of ex

perts from the Department of Agricul

ture have made it their business to study 

the question. They have concluded after 
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Which speaker is making the sound? In echoless chamber at Bell Labs, Robert Hanson measures test subject's ability to localize 

sounds - observes how two ears operate in partnership. This and other tests may point the way to better telephone instruments. 

In listening to stereophonic music, how is it that 
our ears and brain construct a picture of the 
entire orchestra with but two samples (the sounds 
from two speakers) to work with? 

How is it that our ears and brain are able to 
pinpoint one voice in a roomful of talkers-to 
listen to it a�one and ignore the rest? 

What makes two ears better than one? 

Bell Telephone Laboratories scientists are 
searching for the answers. For in finding them, 
better telephone instruments and better ways of 
transmitting sound will surely result. 

Our hearing performs feats that no electronic 
system can yet duplicate. How? Laboratories 
scientists believe the secret lies in the way our 
two ears function in partnership and in the way 

our neural network connects them with our brain. 
The problem: to discover what functions the net
work performs and to see whether electronic 
duplication might enhance understanding. 

T he work is under way. Electronic circuits 
that simulate the operation of nerve cells have 
already been created-and conceptual models 
of the neural network are being constructed. 

Alexander Graham Bell's interest in deafness 
and hearing led to the invention of the telephone. 
Bell Laboratories' current explorations in bi
naural sound may well lead to important new 
advances in the transmission of speech and music. 

BELL TELEPHONE LABORATORIES 
World center of communications research and development 
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SYLVANIA SYSTEMS ... IN COMPUTERS 

-floor plan of the fastest, most versatile 

mobile computer ever built 

The MOBIDIC Computer is an outstanding result of the computer 
development capabilities offered by Sylvania Electronic Systems. 

This mobile digital computer, designed and built for the U. S. 
Army Signal Corps, operates at speeds never before available in any 
general-purpose computer. It's capable of performing; in less than 2 
hours, complex data processing problems which previously required 
up to sixteen hours. 

It's fully transistorized and packaged to fit in a 28-foot trailer. 
What's more, it can be installed anywhere without special site 
preparation and requires no equipment air conditioning. 

In computers, as in every major area of electronic systems, 
Sylvania can assume full responsibility for program management 
from system analysis to research and engineering, product design, 
and through production. 

Sylvania welcomes the opportunity to outline its special talents 
and capabilities to you or your organization personally. Simply 
address your inquiry to division headquarters address below. 

ELECTRONICS FOR INDUSTRY 
AND NATIONAL DEFENSE 

63 Second Avenue. W.lth.m. M •••• 
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patient investigation that the moon myth 
has absolutely not an atom of scientific 
foundation on which to stand. The agri
cultural experiment stations all over the 
country have been defying this super
stition for several years "and have been 
raiSing just as good crops when the moon 
was one way as when it was the other. 
All of this may not seem very serious 
investigation for a great government to 
undertake, but if the scientists have suc
ceeded in weaning a few from the old 
superstitions about planting potatoes, 
they have been well paid for their work." 

"On May 1st the Delaware, Lacka
wanna and Western Railroad installed 
in its through trains a system of supply
ing water to passengers which must com
mend itself to those who have the public 
health at heart. In every car a slot ma
chine is installed, which supplies paraf
fin drinking cups for 1 cent apiece. The 
passenger uses this vessel and throws 
it away after use. The principle of the 
scheme is so good, and its advantages so 
obvious, that they need not be dilated 
upon." 

"Starting last September with the first 
public exhibitions in France and Amer
ica by Wilbur and Orville Wright, the 
career of the brothers has been practical
ly a continuous ovation. Wilbur Wright 
especially has been lauded in the highest 
terms, first at Le Mans, where on De
cember 3 1st he made an unparalleled 
flight of nearly 100 miles in 2 hours and 
20 minutes; later at Pau and Rome, 
where he taught several pupils how to 
operate the aeroplane in a dozen 15-
minute lessons each. The idea of selling 
aeroplanes to governments, which these 
two inventors had in mind when they 
went abroad, seems to have succeeded 
almost beyond expectations. Italy, Ger
many, Russia and England have either 
purchased or negotiated for aeroplanes." 

"Reports from Washington regarding 
the lengthy cruise recently completed 
by the United States steamer Cheyenne, 
in which oil was used as fuel, are to the 
effect that the vessel was able to steam 
faster than with coal, and that her steam
ing radius of 1,500 miles, which was her 
limit when burning coal, has been in
creased by the use of oil to 2,300 miles." 

"The whole of the site of the sacred 
inclosure of Delphi has now been un
covered by the excavations which have 
been carried on by the French School of 
Athens, under the direction of the emi
nent archeologist M. Theophile Ho
molle. It was far from easy. The site was 
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The term "SCOTCH" is a registered trademark 

of 3M Company, st. Paul 6, Minnesota. Export: 

99 Park Avenue, N.Y. Canada: London, Ont. 

MAGNETIC MEMORY OF 

16 CHANNELS 

OF VITAL STATISTICS 

-BEAMED FROM A 

ROCKET IN FLIGHT 

Velocity. Altitude! Stress! Strain! Air pres
sure. Trajectory. Heat and cold. Shooting the 

moon or downrange, the missile man must 
record these-and more-when he sends his 
voyager out in the silent sea of space. For this 

sensitive task of simultaneously recording up 
to 16 channels of vital readings on the flight 
performance of a missile, "SCOTCH" BRAND 

Magnetic Tape has proven reliability. 

Taken with more-than-human speed and ac

curacy, these telemetered magnetic notes can 
be checked and rechecked for clues to im
proved design. 

"SCOTCH" BRAND Magnetic Tape - the first 

practical magnetic tape made - remains the 
leader as newer, more sensitive instrumenta

tion tapes are developed for science, auto

mated industry, and business. It will serve 

you, too. For information on tape construc

tions for your specific needs, write Magnetic 

Products Division, 3M Company, 900 Bush 
Ave., St. Paul 6, Minn. © 1959 3M Co. 

"SCOTCH" BRAND Magnetic Tape 
-the memory of tomorrow 

��- -�� MINNESOTA MINING AND MANUFACTURING COMPANY tlB� 
!r. � 

• • •  WHERE RESEARCH IS THE KEY TO TOMORROW � • " '" ���>W<444 
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Last December, a Christmas message from outer space heralded a new era in radio 
communications. 

Coming from an orbiting, 30·foot·long U. S. Air Force Atlas missile, the voice 

was broadcast over U. S. Army Signal Corps designed communications equipment. 

We at Sorensen, are proud indeed that a miniature Sorensen transistorized power 

supply was selected as part of this communications equipment. 

Transistorized supplies for every purpose. Sorensen manufactures a complete 

line of miniature transistorized power equipment including: highly regulated a·c 

powered doc supplies, dc-to-dc converters and dc-to·ac inverters. They are rugged, 

compact and as simple to incorporate into your equipment as an ordinary trans

former or other "potted" component. They are available in an extremely wide variety 
of input-output voltage combinations and current capacities. Write for complete data. 

5 

9.9 

SORENSEN & COMPANY, INC. 
RIchards Avenue, South Norwalk, Connecticut 

WIDEST LINE OF CONTROLLED-POWER 
EQUIPMENT FOR RESEARCH AND INDUSTRY 

IN EUROPE, contact Sorensen·Ardag. Zurich, Switzerland. IN WESTERN CANADA, ARVA. 

IN EASTERN CANADA, Bayly Engineering. Ltd. IN MEXICO, Electro Labs, S. A .• Mexico City. 
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covered by the village of Castri, a com
munity of about a thousand inhabitants. 
Before any excavation could be com
menced, measures had to be taken for 
removing the whole village. As to the 
scope of the excavations, this work bears 
upon the entire sacred inclosure con
taining the temple of Apollo and the 
theater, as well as all the portions which 
depended upon it, including the stadi
um, the gymnasium, the celebrated 
spring of Cassotis and various edifices. 
Bronze and marble groups were in abun
dance all around the sacred inclosure." 

"A new type of wrecking vessel has 
been built at Wyvenhoe, England, from 
the plans of Mr. Simon Lake, for the 
recovery of certain sunken treasure. On 
the night of October 9th, 1799, the Brit
ish man-of-war Lutine sank off the en
trance to the Zuyder Zee, while she was 
transporting some $5,872,000 worth of 
bullion and specie to Hamburg. The 
King of England ceded the rights to the 
treasure to Lloyds. During over a cen
tury the company has succeeded in re
covering bars and coins to the value of 
about $541,228. The sand, however, 
continually drifted in on the wreck and 
ultimately forced them to suspend oper
ations. The new wrecking vessel consists 
of a large light-draft surface vessel pro
vided with a submarine tube hinged 
within the hull. Centrifugal sand pumps 
are carried by the surface vessel and in 
connection with the submarine tube, and 
the sand-pumping capacity of the plant 
is over 40,000 tons per 24 hours." 

"The perfection which has been 
reached in the manufacture and adjust
ment of automobiles is well shown by 
the exhaustive examination, in the lab
oratory of the Massachusetts Institute of 
Technology, of the Maxwell car, which 
has recently completed a 10,000-mile 
nonstop run. After the engine had been 
officially stopped at the end of 25 days' 
continuous running, the car was driven 
for 10 miles, starting and stopping on 
the steepest grades in the neighborhood, 
and showing perfect control by both 
brake and clutch. The engine was then 
taken apart and all the workings and 
other parts were examined. Even on the 
gear teeth, wear was hardly noticeable." 

"A conference was held at Brussels for 
repressing the use of saccharine in food 
products or drink. While the drug has 
400 times the sweetening power of 
sugar, it is dangerous to health and it 
is desired to prevent the fraudulent use 
of the product. In many countries of 
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Sen.:try that spans a continent 

The pre-eminence of Radio Engineering Laboratories, Inc., 
in specialized radio communications is again underscored 
by the selection of its equipment for the gigantic tropo
spheric scatter network being constructed by NATO. 

This network, with more than a continental span, will 
stretch from Norway to Turkey. It is larger by far than 
any other tropo communications complex yet conceived. 
REL has designed and is constructing one hundred 
fifty-three transmitter modulators, one hundred nine 
IO-kilowatt amplifiers, and seventy-seven quadruple 

diversity receivers with combiners. 
With millions of lives at stake, only supremely reliable 

equipment could be considered. REL, which has developed 
and manufactured more tropo scatter radio apparatus 
than all other companies combined, was awarded 
the contract after international competitive bidding in 
accordance with NATO infra-structure procedure. 

The imagination and facilities which have won REL 
world leadership in military and civil tropo scatter can 
help solve your specialized radio problems. 

Radio Engineering laboratories-Inc 
A subsidiary of Dynamics Corporation of America 

Dept. S • 29-01 Borden Ave · Long Island City 1, NY 
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... the product that puts "can-do" in "do-it-yourself" paints! 
The -electrQn micrograph behind the young lady shows why millions of Americans can become 
expert painters, andean 1lfford to paint more often. It shows the spherical configuration and 
uniform size of resin particles in Velsicol's W·G17 emulsion paint base. W·G17 is a water emul
sion of light colored thermoplastic hydrocarbon resin. The average diameter of W-G17 resin 
partfcles is -.125/micron.Natural rubber latex particles have an average diameter of .GOO/micron. 
latices and emulsions of small particle size have more binding power. They will take higher 
pigment or filler IQadings without losing film strength. Penetrating characteristics are improved. 
The uniform size of the dispersed resin particles increases film smoothness. W-617 is one of 
many new products of Velsicol research 
that is nQw in commercial production. 
for more news about this product, and 
other developments of Velsicol researCh, 
please mail the coupon. 

MAIL COUPON fOR LITERATURE! 

� lOO� FOR THIS MAN 

A 
... you" Velsicol Representu. 
t'ive, 'whQ can help you ,make 

. . better :products for less! 

raG'; llis-;;;o� CHE-; ICAL co;';o;TiON -I • 330 East Grand Avenue, Chicago 11, III. 
I Intern�tionar Representative: Velsicol International Corp., C.A 

I P.O, Box. 1687 • Nassau, Bahamas, B W.I 

f 0 Please send technical literature on W·G17. 
I 0 Please have salesman call. 

I 0 Please send test sample. SA-59 
I Na,,,o ______________________________ �. 
I Com�d"y ___________________________ _ 11 
I 
I 

Rapidly expanding 
Technical Publications 
Department of a 
leading Southern 
California 
organization offers 
attractive 
opportunity for a 

TECHNICAL 
EDITOR 
Minimum qualifications: de

gree in English and three 

years' industrial experience 

in editing scientific and tech

nical material. 

Please state full details of 

education, experience, and 

salary requirement. 

L. L. THOMPSON 
Box 296 
Azusa, California 

Europe it is brought in by contraband; in 
one case a vessel in the Russian port of 
Riga was found to have a ton of sac
charine, which would replace 400 tons 
of sugar." 

MAY, 1859: "Dr. Faraday recently 
lectured in the Royal Institution, Lon
don. The professor made an eloquent ap
peal for experimental science, stating 
that it exerts an immediate and powerful 
influence on the progress of society. It 

has been fashionable for persons of all 
classes to consider the devotees of ex
perimental science as a class who feel no 
interest in, and have no care for, the 
practical arts and industries of life. But 
this shallow and fanciful habit is heartily 
denounced by Professor Faraday, a man 
who has the best right to speak upon 
it. It is not alone, he tells us, for educa
tional benefits which arise from the 
study of physical phenomena and laws 
that he and others pursue their scientific 
inquiries. These benefits are undoubted
ly valued, and are of themselves worth 
far more labor than is bestowed on their 
acquisition. But in addition to these, the 
experimentalist looks with pride upon 
those practical fruits which his devotion 
has fostered, and with confidence antici
pates like harvest for the future." 

"Canadian cents, which have been 
lately thrown off at the British Mint, 
possess a remarkable peculiarity. These 
are not only tokens of value, but also 
standards of weight and measure. One 
hundred cents weigh exactly one pound, 
and one cent measures one inch." 

"News was received in Chicago, 15 
years ago, in 40 days from Europe and 
240 hours from New York; now London 
advices reach that city in 10 days, and 
news from New York is received in five 
minutes." 

"It has been proposed that a by-wash 
should be built at every dam on our 
rivers and creeks once frequented by sal
mon, for the purpose of allowing them 
to pass up to old spawning grounds. 
With the artificial cultivation of young 
salmon, and dams formed with shutes 
up which the salmon might run to 
spawn, we have no doubt but the Merri
mack Connecticut and Hudson rivers 
would once more abound with these 
delicious fish." 
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10 TO 15 NEW JOBS a week, each 
a different application, require a continuous program of 
evaluating the properties of metals and fabricating costs 
at Robertshaw-Bridgeport. 

In making bellows (left) and temperature sensors ( above) to meet ever-changing needs 
of control, appliance, and industrial equipment manufacturers, BridgepOlt Thermostat 
Div., Robertshaw-Fulton Controls Co., Milford, Conn., averages 10 to 15 new prob
lems a week. Specifications vary widely in dimensions and physical characteristics. 
Dependable performance over long periods of uninterrupted service is Vital-yet costs 
must be rigidly controlled. 

So for quality with maximum economy in fabrication, materials must be matched 
precisely to the needs of each job. And in this, Robertshaw-Bridgeport looks to its 
suppliers for creative technical services. For many years, The American Brass Com
pany specialists have been helping to select the correct alloys in phosphor bronze or 
brass and to meet fabrication problems in the making of bellows-to apply econom
ically precision-made capillary tubing and other small-diameter copper tube in sensor 
assemblies. Through such services, The American Brass Company is constantly helping 
metal fabricators across the nation control quality while keeping costs down. 

A RE you caught between cost reduction and quality 
Il. control? Find out if you are buying metal properties 
you don't need. An Anaconda specialist may be able to 
suggest a lower cost alloy that fits the requirements of 
your job more closely. Or he may find that an adjustment 
of temper or a change in your fabrication methods can 
cut Y0lu costs. The services of Anaconda specialists are 
available through your American Brass representative. 
Call him in today, or write: The American Brass Com
pany, Waterbury 20, Conn. In Canada: Anaconda 
American Brass Ltd., New Toronto, Onto 585' 

ANACO'ND� 
COPPER BRASS BRONZE NICKEL SILVER 

MILL PRODUCTS 

Made by The American Brass Company 
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General Electric 

x-ray 
in industry ... a race 

the • WLnner. • • 

by 9 days, 6 hours and 58 minutes 

It really happened! For one of our customers, 
detecting impurities in refractory metals by wet 
chemistry was a two-week project. Switching to 
a General Electric x-ray spectrometer (XRD-5S), 
they trimmed analysis time to about an hour 
. . . with more accurate results. Isolated case? 
Not at all - practically every G-E x-ray spec
trometer installation shows similar savings. 

Speed is not its only talent. X-ray spectrom
etry has brought a new look to users' labora
tories. Gone is the maze of apparatus for 
weighings, separations, purifications, titrations, 

ignitions. In its place, a compact grouping of 
equipment - capable of making elemental 
determinations from atomic number 12 and up 
... qualitative and quantitative analyses of both 
solids and liquids. And skilled chemists - free 
of the time-taxing demands of wet chemistry
can devote their talents to interpreting and 
using these analyses. 

See your G-E x-ray representative for a 
recommendation based on your own needs. Or 
write X-Ray Department, General Electric 
Company, Milwaukee 1, Wis., for Pub. TT-54. 

© 1959 SCIENTIFIC AMERICAN, INC



,-,,_ainst costs ! 

RENT THE 

EQUIPMENT YOU 

NEED THROUGH 

MAXISERVICE@ 

LEASE PLAN 

The speed and savings of x-ray spectrometry can now 
be yours without capital olltlay! For a single, nominal 
monthly rental fee, General Electric will furnish the 
apparatus and service you require . . .  plus regular 
preventive maintenance, emergency service, ,ubes 
and parts tlJithoflt extra charge. What's more, property 
insurance and local property taxes are borne by 
General Electric. And you may exchange or add 
equipment without trade-in loss. Investigate! 

'Progress Is Our Most Imporlqnf Protlut:f 

GENERAL. ELECTRIC 
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Since Creation, man has looked out on space. 
At first, unknowing and incurious; then 
with the beginnings of understanding; now 
free and able to explore. Yet to move in space 
calls for wholly new concepts of energy. 

This, then, is the working philosophy of 
Hercules in chemical propulsion: To design 
and manufacture highly concentrated packages 
of energy as propellants and rocket motors; 
each compatible, controllable, predictable; and 
each perfected for its specific mission. 

HERCULES' BACKGROUND: A half-century of 
creative imagination in the evolution of propellants, 
from shotgun powder to space propulsion; encompassing 
research, design, engineering, and staff organization 
- for the production of the most advanced propellants. 

HERCULES POWDER. COMPANY 
900 Market Street, Wilmington 99, Delaware 

XP59·2 
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Just give us the "envelope" ... we'll do the rest! 

AERONCA'S PACKAGES 

ASSURE MAXIMUM RESULTS ON PRIME AND SUB-CONTRACT PROJECTS 

* 
Design 
Tooling 
Production 

Contemporary weapons systems, because of their complexity, necessitate 
sub-contracting of major components, sub-systems and structures. And 
versa tile capabili ties ... theoretical, technological, mechanical and managerial 
... are required to produce these "envelopes" efficiently and economically. 

Aeronca has these integrated facilities. That is why we can provide a 

Co-ordinated Design, Tooling and Production Service. This packaged service 
begins with evaluation of basic environmental data and culminates with 
"on schedule" deliveries. It has been eminently successful in supporting 
current operational weapons systems. 

Aeronca's leadership is evident in its existing facility for designing and 
producing ... in quantity . . . a complete range of brazed stainless honey
comb structures. This specialized capacity is one of the few in actual 
operation in the industry today. 

With extensive background in proprietary and sub-contract programs, 
Aeronca is prepared to work with you on air vehicle, missile, ground sup
port equipment and technical consultation projects. And we can say with 
confidence . • .  just give us the envelope and we'll do the res!. 

_, • ..-.._NCA man ufactu ri n 9 co rpo rati 0 n 

1722 GERMANTOWN ROAD 
MIDDLETOWN, OHIO 9443-AC 
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MAJOR BREAKTHROUGH 
IN ULTRASONIC TECHNOLOGY! 

r , In determining which ultrasonic cleaner to buy, 

remember that all ultrasonic clea·ners are not 

alike. There is variation in uniformity of cavitation. 

There is variation in the transducer - and the 

transducer is the heart of an ultrasonic cleaner. 

L The Multipower transducer developed by 

Acoustica research, multiplies the power and efficiency of ultrasonic 

action. Cleaning is faster, labor costs are lower. 

Acoustica ultrasonic cleaners are engineered and produced to the finest 

standards, unequaled in quality and value. Off·the·shelf in capacities 

from 1 to 75 gal. or custom built to 5000 gal. Expert Acoustica engineers 

can help you with your C

.

leaning problem liS 

Send for further information. 

aCOUSICa 
Leader in research and development of ultrasonic systems 

Los Angeles and New York 
.... . .. . .. ............ .  . .  . . . . . . . . . .. . . . . .  ...... . ... . . . . . . . .. . . . . . . .  . .  . . .... . . 

Acoustica Associates, Inc. 

Dept. SA, 26 Windsor Ave., Mineola, N. Y. 

Send information describing advantages of Acoustica ultrasonic cleaners. 

Name ______________________ ______________________________ __ 

Company __________________________________________________ __ 

Address __________________________________________________ _ 

City ____________________________ -LZ'one ____ State ______________ _ 

...... . . . . ... . ..... . . . .... . . ......... . ..... . . ...... . .. . .. -......... ... . ... . 
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THE AUTHORS 
JOHN J. NEWGARD and MYRON 

LEVOY ("Nuclear Rockets") both work 
for the Reaction Motors Division of the 
Thiokol Chemical Corporation. New
gard, a senior project engineer, studied 
at Columbia University and has spe
cialized in rockets and nuclear reactors 
for 10 years. Before coming to Reaction 
Motors he worked on the design of sub· 
marine reactors for the Westinghouse 
Electric Corporation and on manned
aircraft reactors for the Pratt & Whitney 
Company. Levoy studied chemical en
gineering at the College of the City of 
New York and at Purdue University and, 
like Newgard, worked on aircraft reac
tors for Pratt & Whitney. 

MARTIN and BARBARA SCHW ARZ
SCHILD ("Balloon Astronomy") are, 
respectively, Eugene Higgins Professor 
of Astronomy at Princeton University 
and a Princeton housewife. Martin 
Schwarzschild treads in the footsteps of 
his father, Karl Schwarzschild, astro
physicist and director of the Potsdam 
Observatory in Germany. The younger 
Schwarzschild received his doctorate 
from the University of Gottingen in 
1935, then held a Nansen fellowship at 
the University of Oslo and a Littauer 
fellowship at Harvard University. He 
taught astronomy at Columbia Univer
sity for two years, then entered the U. S. 
Army as a private. In the Army he de
veloped certain still-classified techniques 
that won him the Legion of Merit and 
the Bronze Star. In 1945 he married the 
co-author of the present article, a Rad
cliffe College graduate and, at that time, 
staff member of the Radiation Labora
tory of the Massachusetts Institute of 
Technology. 

C. D. DARLINGTON ("The Origin 
of Darwinism") is Sherardian Professor 
of Botany at the University of Oxford 
and Keeper of the Oxford Botanic Gar
den. He received his undergraduate 
training at Wye College, the agricul
tural school of the University of London . 
"The curriculum included law, veteri
nary science and about 20 other sub
jects," he says, "but it allowed me to read 
T. H. Morgan's The Physical Basis of 
Heredity. I was struck by the combina
tion of breeding and chromosome studies 
and the vigorous method of argument. 
So much so that on graduating in 1923 
I asked for a job at the only place in 
England where one could pursue such 
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SALES 

The 

Perfect 

Solution 
.( n utritionally speaking) 

"e ut out the brainstorming," roared the harassed sales manager to 
ivy league adman. "RufJage breakfast cereal needs a real sales hypo." 

Ivy league shrugged. "Okay, no dancing girls . . .  wait! I've got a 
new wave length. Have you read about Pfizer Lysine? Terrific! It's 
something called an amino acid. Gives cereal products the high pro
tein quality of meat or eggs. That kind of health bonus could really 
get RufJage off the launching pad!" 

The manager squints. "Boy, I think you may have it. Get Pfizer 
on the phone." 

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

If you are considering amino acid or vitamin fortification of a food 
product (or, for that matter, if you need a food acidulant, antioxidant 
or preservative) get in touch with the Pfizer Chemical Sales Division. 
For any problem which might be solved by a high quality. organic 

chemical, think of Pfizer first. Chas. Pfizer & Co., Inc., Chemical Sales 
Division, 630 Flushing Ave., Brooklyn 6, N. Y. 

CHEMICAL SALES DIVISION 

• • .  sells more than 100 organic chemicals for 

food, medicinal and industrial uses. 

Some bulk products of this Division are: 
CITRIC, GLUCONIC, TARTARIC, OXALIC ACIDS AND SALTS • ANTIBIOTICS • PLASTICIZERS • VITAMIN A, C, B12 STABLETS' AND OTHERS 

'TRADEMARK 
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TIMING SYSTEM . . .  1759 

This is a view of the works 
of John Harrison's marine 
chronometer with which he 
won a £20,000 prize from the 
British Government. Using 
this historic timepiece, navi
gators were able to determine 
a ship's longitude to within 
half a degree after six weeks 
at sea. 

AN INTEGRATED SYSTEM 
FOR TODAY'S TIMING NEEDS 

In the Hycon Eastern Integrated Timing System, solar or 
sidereal time is displayed visually and is available for both 
input to automatic computers and as an index to data being 
recorded on magnetic tape, oscillograms, strip charts, etc. 

At the heart of the Timing System is the Hycon Eastern 
Ultra Stable Oscillator with guaranteed stability of one part 
in 109 and even greater stability in actual practice. A time 
scale is available with resolutions accurate to one microsecond. 
This system is capable of operating anywhere in the world 
and is ideally suited wherever timing signals must be corre
lated with other events such as in systems for tracking missiles 
or measuring satellite orbits. Write for Bulletin TS-OO. 

Tomorrow's Timing Systems ... Today 

HYCON EASTERN, INC. 
75 Cambridge Parkway Dept. AA Cambridge 42. Mass. 

work: the John Innes Horticultural In
stitution in Wimbledon, headed by Wil
liam Bateson, who invented the word 
'genetics.' '' Later Darlington botanized 
in Iran, India, Japan and the U.S.S.R. 
and, as a Rockefeller Fellow, studied 
with Morgan at the California Institute 
of Technology. Darlington's travels led 
him to think about the genetiCS of man. 
In 1953 he published a book entitled 
The Facts of Life, incorporating his 
ideas on how men cooperate. Since then 
he has pondered Darwin's observations 
on the same subject and has studied the 
prehistory as well as the consequences 
of Darwinism. His latest book is Dar
win's Place in History. Darlington is a 
Fellow and Royal Medalist of the Royal 
SOCiety and a founder and editor of the 
journal Heredity. In 1953 he left the 
directorship of the Innes Institution to 
take up his present appointments at Ox
ford. 

EDWIN H. LAND ("Experiments in 
Color Vision") is president, chairman of 
the board and director of research of the 
Polaroid Corporation, a manufacturing 

.concern that he founded in 1937. To the 
general public Land's name is best 
known in association with the popular 
camera that presents the photographer 
with a finished positive print within 
seconds after the shutter is clicked. Be
fore he developed the Land camera he 
had devoted most of his time to "Pola
roid" polarizing filters, on which he had 
begun to work while he was still an un
dergraduate at Harvard University. 

JOHN S. NIEDERHAUSER and 
WILLIAM C. COBB ("The Late Blight 
of Potatoes") work for the Rockefeller 
Foundation: Niederhauser as a plant 
pathologist in Mexico, Cobb as' head of 
the Foundation's Office of Publications 
in New York. Niederhauser comes from 
Seattle, Wash., graduated from Cornell 
University and took his doctorate there 
under the late Donald Reddick. In 1947 
he left an associate professorship at Cor· 
nell to join the Office of Special Studies 
in Mexico's Ministry of Agriculture and 
Animal Industry. The Office of Special 
Studies is a joint project of the Mexican 
Government and the Rockefeller Foun
dation. Cobb, who collaborated with 
Niederhauser in writing the article, is a 
Tennessean and a graduate of Vander
bilt University. 

PETER M. WORSLEY ("Cargo 
Cults") is a lecturer in sociology at the 
University of Hull in England. He re
ceived his training at the universities of 
Cambridge and Manchester and at the 
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u.s. Atomic Subs Depend On 
Ball Bearings In Over 100 Utal Positions.' 

Some of the most unique and precise equipment ever engineered is in United States 

atomic subs ... with New Departure bearings in many vital positions! 

In the submarines' guidance system, New Departure gyro ball bearings help con

tribute to unerring undersea navigational accuracy. These bearings have been credited 

with reducing random drift rate to 0.25 degrees per hour. 

Many of the atomic power plants that have supplied record-breaking propulsion 

without refueling, are equipped with New Departure precision ball bearings in reactor 

control arms, water pumps, and other essential applications. 

If you have a vital precision bearing problem, why not call on N/D, too? New Depar

ture's advanced facilities for research, development and production, are your assurance 

of the ultimate in ball bearing design and precision manufacture. 

DIVISION OF CO N N. 
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energy enough to deliver every kilowatt that 
man can use for all time. This potential 
source of energy is in a form of hydrogen 
called "deuterium". The question is: How 
can man release this energy? Controlled 
thermonuclear fusion offers promise of 
providing the answer. 

Extensive research is being carried for
ward in many areas to help scientists find 
answers. One method requires the heating 
of deuterium gas to a temperature of sev
eral hundred million degrees. ln an effort 
to develop these stellar-like temperatures, 
50 million watts of radio-frequency power 
will be used. And RCA Super-Power E1ec
troll Tubes will supply it. 

Revolutionary in their ability to handle 
enormous amounts of rf energy, RCA 
Super-Power Tubes begin their work 
where conventional power tubes leave off. 
And the possibilities are virtually unlim
ited in the light' of their important contri
butions-in such major applications as 
inter-continental radar, world-wide televi
sion, super-power radiology, nuclear par
ticle acceleration, dielectric and induction 
heating, irradiating and sterilizing products. 

Can RCA Super· Power Electron Tubes help you in your research and industrial programs? To fond 

out, jot down your reqvirements and send them to RCA, Commercial Engineering. Section E-95-Q, 

Harrison, New Jersey. 
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Australian National University; for his 
doctoral dissertation at the latter in�ti
tution he wrote a study of the Groote 
Eylandt aborigines of Australia's North
ern Territory. During World War II he 
saw service in East Africa and southeast 
Asia. Later he helped plan the public
education system of Tanganyika. He is 
the author of a book entitled The Trum
pet Shall Sound, concerning cargo cults 
arid other strange religiOUS manifesta· 
tions in the South Pacific of today. 

A. A. MOSCONA ("Tissues from Dis· 
sociated Cells") teaches zoology at the 
University of Chicago. An Israeli, he 
graduated from the Hebrew University 
in Jerusalem and in 1950 joined the 
Strangeways Research Laboratory, a 
well-known center of studies in cellular 
biology at the University of Cambridge. 
Before joining the Chicago faculty he 
held a fellowship at the Rockefeller In
stitute in New York. 

V. L. GINZBURG ("Artificial Satel
lites and the Theory of Relativity") is a 
theoretical physicist on the staff of the 
Academy of Sciences of the U.S.S.R. He 
is also professor of physics at the Uni
versity of Gorky. He was born in 1916 
in Moscow. His father was an engineer, 
his mother a physician. Ginzburg studied 
physics at the University of Moscow, 
from which he graduated in 1938. Two 
years later he acquired his Candidate of 
Science degree with a dissertation on 
questions in quantum electrodynamics 
developed from the theory of Cerenkov 
radiation. After another two years he 
successfully defended his doctoral dis
sertation. "Like many other theoretical 
physicists," he remarks, "I like to occupy 
myself with a wide variety of problems. 
In recent years I have been concerned 
with the phenomenological theory of 
superconductivity and superfluidity, 
Cerenkov radiation, the propagation of 
electromagnetic waves in plasmas, radio 
astronomy and the origin of cosmic rays." 

STEPHEN E. TOULMIN, who re
views Karl R. Popper's The Logic of 
Scientific Discovery in this issue, is pro
fessor of philosophy at the University of 
Leeds and, at present, visiting professor 
of philosophy at New York University. 
He is a graduate of King's College at the 
University of Cambridge, which he left 
for three wartime years of radar research 
in Britain's Ministry of Aircraft Produc
tion, followed by a Cambridge doctorate, 
a fellowship at King's College, and a 
University of Oxford lectureship in the 
philosophy of science. Toulmin has 
taught at Leeds since 1955. 
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BENDIX WILL BUILD "EAGLE"-

NAVY'S NEWEST AIR·TO·AIR MISSILE 
In days of old, the eagle was the 
"emperor's bird"-the finest hunter 
of them all. Today's Eagle, an excep
tionally accurate long-range Navy 
air-to-air missile system, will be a 
major factor in America's defense 
capabilities. 

The Eagle award was won by 
Bendix Systems Division in a com
petition which involved sixteen 
guided missile and aircraft manu
facturers. 

The Eagle concept has been under 
study for about three years. It repre
sents a new trend in that the launch
ing aircraft  f o r  Eagle may b e  
relatively slow because, i n  this new 

system, the high performance is built 
into the guided missile instead of 
into the manned airplane. 

The high performance Eagle 
missile will be employed in Naval 
fleet defense or intercept missions. 
It will be fired from aircraft at long 
ranges against attacking enemy air
craft or guided missiles under all 
tactical conditions. 

The Eagle team includes three key 
divisions of the Bendix Aviation 
Corporation-the Systems Division, 
which has prime responsibility for 
systems management and engineer
ing; the Pacific Division; and the 
Research Laboratories Division-as 

well as the Grumman Aircraft Engi
neering Corporation, and other 
mem bers of t h e  electronic a nd 
aviation industry. 

Bendix Aviation Corporation is 
also prime contractor for the Navy's 
hard-hitting, surface-to-air Talos 
missile-scheduled to be the prin
cipal armament of a new fleet of 
missile-carrying cruisers. In addition, 
Bendix supplies many components 
including warheads, target-seekers, 
propulsion devices, electrical power, 
controls, guidance and telemetering 
systems for more than twenty 
different major U. S. missiles. 

A thousand products a million ideas 
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expandable for growing needs: 

afull range of Burroughs electron-ic C01nputers 

for science and business 

From advanced computer systems to individual computer components ... the Burroughs line of electronic 

data processing equipment spans a full range of varied requirements for both scientific and business appli

cations . •  Start at the top if your needs call for giant computer ability: The Burroughs 220, first and 

only available medium-priced computer with expandable magnetic core storage ... a powerful multi-purpose 

system which can grow with your computational requirements. The 220 is now at work and delivering 

effective results at the lowest application cost . •  If present application demands are more moderate, inves

tigate the versatile Burroughs 205. First in its field with external magnetic tape storage ... complete choice 

of input/output media with Aexible, modular expansion, top capacity and speed. The 205 has thoroughly 

proven its economic value in a wide variety of scientific and business applications . •  Most popular of all 

low-cost computers is the Burroughs £101. Exclusive, simple pinboard programming frees engineering man 

hours, by reducing manual computation time up to 95%. Machine ability is further extended by optional 

punched paper tape input/output equipment and new punched card input unit. • Burroughs advanced 

sub-systems include: Datafile magnetic tape unit with vast external storage capacity ... up to 50-million 

digits per unit; Cardatron . .. fastest, most powerful card handling system; 220 High Speed Printer System 

... a transistorized unit with unmatched speeds up to 1500 lines per minute, on-line or off-line operation. 

High Speed Photo readers, Magnetic Tape Units and other computer system components are also finding wide 

use in data processing, communications and allied fields . •  Currently in production, all these Burroughs 

products are designed to meet your growing data processing needs .. _and supporting the entire Burroughs 

line is an outstanding team of computer specialists for efficient, on-the-spot, technical assistance. Write 

today for brochure, specifying system or component. • ElectroData Division, Pasadena, California. 

Burroughs Corporation "NEW DIMENSIONS/in electronics and data processing systems" 
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Sir Isaac Newton ... on the first cause 

"The main business of natural philosophy is to 

argue from phenomena without feigning hypoth

eses, and to deduce causes from eHects, till we 

come to the very first cause, which certainly is not 

mechanical; and not only to unfold the mechanism 

of the world, but chiefly to resolve these and such 

like questions: What is there in places almost 

empty of matter, and whence is it that the sun and 

planets gravitate towards one another, without 

dense matter between them? Whence is it that 

nature doth nothing in vain; and whence arises all 

that order and beauty which we see in the world?" 

,....... Opticks, 1704 

THE RAND CORPORATION , SAN TA MONICA, CALIFORNIA 

A nonprofit organization engaged in research on problems related to national security and the public interest 
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Nowl World's Smallest Recorder (U lb.) 

Records up to 4 Hours on one spool ••• 

then Minifon Plays Back Immediately! 
"BATTERY OPERATED MINIFON DOES 

BEST JOB" Says leading Scientist 

"I've tried other types of recorders and have 
discarded them all since I learned about MINI
FON." Nothing can match the convenience and 
light weight of this remarkable pocket-size, highly 
faithful recording instrument." Today major in
dustrial concerns insist that their executives carry 
Minifon recorders on all business trips, because 
Minifon is the only foolproof way to record on
the-spot information from contacts in the field. 

Minifon hears everything said and forgets nothing-eliminates the 
time, labor and errors-of-memory that go into written reports. And 
a Minifon with automatic push button controls will take dictation 
anytime, anywhere, under any conditions-you can even "talk to it" 
while driving a car or flying a plane! 

NEW, LONG LIFE RECHARGEABLE BATTERIES AVAILABLE 

The actual use of a featherweight Minifon recorder is too simple 

to need much explaining. You just stick it in a pocket and use the 
tiny mike under your lapel (or wear the facsimile wrist-watch mike 

or tie-clip mike!), and when you want to record your words-or 
the words of anyone within about twenty feet-you simply put 

your hand in your pocket and press a silent switch. You can record 

up to 4 hours of talk on a single "record" (wire reel), and the 
"records" are so small and light they can be mailed. 

MINIFON IS A VALUABLE AID TO SCIENTISTS, ENGI

NEERS, RESEARCHERS, BUSINESSMEN, PROFESSIONALS 

MINIFON is the world's ONLY AUTOMATIC PUSH-BUTTON 
POCKET RECORDER, a high-precision and virtually foolproof 
midget originally designed for military and diplomatic secret service 
work and now widely used in business, industry, and the various pro
fessions and trades. It is the most perfect instrument ever conceived 
for taking the pulse of a business situation or for obtaining data not 
otherwise obtaina ble. Perfect pocket secretary, and the only infallible 
memory of the spoken word that a person can carr y in his possession. 

Write now for Details and new LOW PRICE 

• GEISS-AMERICA, CHICAGO 45, ILL., Dept. SA5 
� Exclusive U.S.A. Importen 

YES, I am interested in the remarkable pocket-size MINIFON 
recore/er. please send me completely illustrated brochure. 

Name ________________________ ________________ _ 

Name of Company 

Address 
Cify· _____________________ _ 5tale. ____ _ 

My special interest in a miniature recorder is. for ___ _ 
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Nuclear Rockets 

Chemical rockets are alread'y approaching their theoretical lim�its. 

Various wa'ys of utilizing nuclear reactions for rocket propulsion 

have been suggested, some of which are in the experimental stage 

T
he rocket, after a remarkably brief 
period of intensive development, 
has broken the restraint of earth's 

gravity upon the aspiration and the 
deeds of man. But the roar and flames 
of chemical combustion that now propel 
the rocket may not carry man far into 
the realm of outer space where his imagi
nation already soars. The most impa
tient astronaut must be given pause by 
the dimensions of the 3,000- to 7,500-

ton vehicle that would be required to 
lift a modest space ship of 50 tons
the weight of a DC-6-fI·om the earth. 
If the space ship had to depend upon 
chemical reactions to power its further 
travels, its fuel supply would leave 
little weight to spare for a payload of 
men and instruments. Plainly the rocket 
propelled by combustion must yield to 
the rocket that obtains its energy either 
directly or indirectly from nuclear reac
tions. 

An exotic family of novel propulsion 
systems is coming into view, so diverse 
in concept that the name rocket seems 
in some cases almost misleading. For ex
ample, in the frictionless vacuum of 
space a flashlight or a plate coated with 
radium may constitute a perfectly good 
rocket engine, at least in theory. Given 
enough time, a comparatively feeble 
beam of light quanta, gamma rays or 
nuclear particles can accelerate a space 
ship to extreme velocities. 

The first generation of nuclear rockets 
is in the preliminary stages of design and 
test. If the nuclear engines are intended 
to enable a vehicle to escape from the 
earth, they will still generate the py
rotechnics we associate with rocket 
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launchings. It is the nuclear rocket that 
we shall discuss first, since of all the 
new systems it is perhaps the closest to 
realization. 

In the U. S. work on the nuclear rocket 
has been conducted until recently under 
the auspices of the Air Force and the 
Atomic Energy Commission at installa
tions such as the Los Alamos Scientific 
Laboratory. However, nuclear-rocket 
propulsion has now been set up as a 
joint venture of the A.E.C. and the Na
tional Aeronautics and Space Adminis
tration. The transfer is symbolic of a 
perhaps surprising aspect of this new 
technology: it has practically no appli
cation to military purposes. As far as 
weight and cost are concerned, the nu
clear rocket is practically noncompeti
tive with long-range missiles already in 
existence or in prospect. 

Chemical rockets intended for paro
chial missions inside the earth's gravita
tional field have begun to press hard on 
the limits of combustion. A rocket is a 
heat engine that employs the simple de
vice of a nozzle to convert heat energy 
into the kinetic energy of a moving gas. 
The nozzle first converges and then di
verges in the path of the outrushing 
gases; as the gases expand, their velocity 
increases sharply. The rocket's per
formance depends essentially upon the 
velocity of its propellant gases; the per
formance improves at higher exhaust 
velocities. The two most important fac
tors determining gas velocity are the 
initial temperature and the molecular 
weight of the gases. The higher the 
temperature, the higher the ultimate 
velocity. The highest temperature to 

which the gases can be heated by com
bustion is 8,000 degrees Fahrenheit; 
chemical rockets operating at 5,000 

degrees F. already approach this inher
ent ceiling. At a given temperature the 
velocity of the gases can be increased by 
lowering their average molecular weight. 
The unit of molecular weight is the 
weight of the hydrogen atom; the aver
age molecular weight of the combustion 
gases of the best present fuels is 19, and 
the lowest weight attainable without too 
great a reduction in temperature appears 
to be about nine. At the optimum com
bination of temperature and molecular 
weight the highest exhaust-velocity that 
can be developed with chemical fuels is 
about 13,000 feet per second. This is 
an exhaust-velocity only a little higher 
than that which put Lttnik and Pioneer 
IV into orbit around the sun. 

Theoretically nuclear physics should 
free rocket propulsion from both of 

the limitations imposed by chemistry. 
Nuclear reactions can furnish heat at 
unlimited temperatures; either hydro
gen or helium may be used as the 
propellant gas without regard to their 
chemical characteristics, simply because 
they are the lightest elements of all. 
Consider first the work-horse rocket 
which would be employed to carry a 
space ship clear of the earth's gravita
tional field. vVe may visualize it as a 
vehicle equipped with a conventional 
but compact solid-core nuclear reactor 
instead of a combustion chamber, and 
with a supply of hydrogen instead of 
fuel in its tanks. Stored in liquid form 
at minus 420 degrees F., the hydrogen 

© 1959 SCIENTIFIC AMERICAN, INC



FUEL TANK OXIDIZER TANK 
CYROGENIC HYDROGEN 

PROPELLANT TANK 

TURBINE 

CONTROL VALVE 

INJECTOR 

REACTOR CORE 

FUEL ELEMENTS 

COMBUSTION 

CHAMBER 

CONTROL 

ELEMENT NEUTRON REFLECTOR 

DE 

CHEMICAL AND NUCLEAR ROCKET·MOTORS are contrasted 

in these schematic diagrams. Chemical motor (left) burns fuel 

with an oxidizer to produce a jet of hot combustion gases which 

propels the rocket. Nuclear motor (right) "burns" fissionable ura· 

NOZZLE 

nium or plutonium in a latt.ice of fuel elements. These heat hydro· 
geu gas which serves as the propelling fluid. The nuclear motor can 

exert more thrust than the chemical motor because the low molec· 

ular weight of hydrogen makes possible higher nozzle velocities. 
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would be pumped to the high pressure 
of 1,000 pounds per square inch, forced 
between the fuel elements of the reactor, 
heated there to as high a temperature as 
the reactor could stand and then ejected 
through the rocket nozzle [see illustm
tion on preceding page J. The choice of 
propellant gas alone would give such a 
system an immediate advantage over the 
most advanced chemical rocket. At a 
temperature of only 4,000 degrees F. the 
hydrogen would attain a velocity of 
25,000 feet per second. This constitutes 
a 100-per-cent improvement on thc theo
retical maximum velocity of the chemi
cal rocket. 

On the other hand, as we approach 
the design of the first nuclear rocket
engine, the temperature of 4,000 de
grees F. looms as a formidable objec
tive. A chemical combustion-chamber 
can be made to contain even higher 
temperatures because the heat can be 
confined to the combustion gases, the 
shell of the chamber being cooled on its 
outer surface by the in flowing fuel, 
which acts as a heat-exchange medium. 
vVe face a very different situation in 
adapting the nuclear reactor to serve as 
a rocket engine. The reactor generates 
its heat in the solid structure of its core 
by the fissioning of the uranium incor
porated into its fuel plates. Since heat 
must always flow from a higher to a 
lower temperature-potential, the fuel 
plates will be at a considerably higher 
temperature than the gas. Moreover, the 
transfer of heat to the gas is hampered 
by the "boundary layer" of stagnant 
hydrogen which clings to the surface of 
the fuel plates. To achieve a gas tem
perature of 4,000 degrees F., the tem
perature in the central plane of the 
fuel plate must be 4,800 degrees F. 
Few materials that are usable in a re
actor can withstand such temperatures. 
Consequently the choice of materials 
sets a limit on the gas temperatures 
we can hope to attain. A promising 
material is graphite impregnated with 
uranium. But even though graphite re
tains its strength at 4,800 degrees F., 
this strength is rather low. Erosion and 
corrosion by the flowing hydrogen 
promise to create additional problems. 

1,he design of this relatively fea
sible rocket engine confronts the de

signer with a host of additional strin
gent requirements. In the first place, 
the size and weight of the reactor must 
be held to a minimum. Calculation 
shows that a reactor of compact size 
must generate as much as 10 kilowatts 
of power per cubic centimeter of urani-
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um-bearing graphite. This is about 
10,000 times the equivalent output of 
the British power reactor at Calder 
Hall, the first gas-cooled graphite-mod
erated power reactor. Fortunately the 
fuel elements may need to remain inte
gral for only a few minutes, since this 
kind of engine may be jettisoned when 
its work is done. 

The transfer of such huge quantities 
of heat to the propellant gas requires 
a relatively large number of thin fuel
plates. The greater surface area between 
the fuel plate and the gas reduces the 
amount of heat that must pass through 
a unit of area in a given time. As a re
sult the peak temperature at the central 
plane of the plates and the stresses cre
ated by thermal gradients within the 
plates may be kept within permissible 
bounds. But the solution of the heat 
problem creates some new ones. The 
greater surface area causes a larger 
drop in the pressure of the propellant 
gas as it flows between the plates. In a 
tvpical design, with 1,000 pounds of gas 
per second flowing through a 10,000-
pound core, the frictional drag of the 
gas on the plates adds up to a total force 
on the reactor of as much as 300,000 
pounds! Since useful thrusts in nuclear
booster rockets reg uire high propellant 
Row-rates, this drag is not easily re
duced. Fewer and thicker plates would 
crack or warp. 

To aggravate the problem, the rocket 
may have an acceleration of 10 g-that 
is, an acceleration 10 times that of a 
body falling at the surface of the earth
by the time it nears the end of its pow
ered Right. This means that in effect the 
reactor will be 10 times heavier than 
when it started; the 10,000-pound en
gine will "weigh" 100,000 pounds. With 
the increased weight added to the fric
tional drag, the reactor will exert a total 
force of 400,000 pounds or more on the 
rocket structure. Yet the support mem
bers that bear this load must occupy a 

minimum of space, stand up under a 
temperature of 4,000 degrees F. and 
containc little or no metal. Since metals 
that are resistant to high temperatures 
interfere with the nuclear reaction, 
graphite again may have to be used for 
the structural beams or columns. But 
graphite is difficult to join together; the 
cabinetmaker's slots and dovetails may 
have to be employed. 

The start-up and control of the nu
clear-rocket reactor present another 
whole family of problems. To avoid a 
tremendous loss of hydrogen, the reactor 
must heat up rapidly to operating tem
perature. But rapid heating creates 

heavy thermal and mechanical stresses 
in both the fuel elements and structure 
of the reactor. Though the danger of a 
"runaway" that would melt the system 
is slight, it cannot be ignored. For ex
ample, a large increase in hydrogen 
density arising from accidental blockage 
of the flow channels could result in 
melti ng. \"l e cannot foresee all of the 
difficulties; they must be uncovered by 
operating experience with prototype re
actors in ground test-beds. 

Radiation is another hazard that calls 
for ingenuity in the design of the rocket 
and the management of the launching. 
The erosion of as little as 1 per cent of 
the fuel-element surface in a typical 
nuclear rocket-engine might liberate a 
(luantity of fission products equal to 3 
per cent of that produced by a 20-kilo
ton atomic bomb. Launchings will of 

1.3 MILLION POUNDS 

TWO

STAGE 

NUCLEAR 

AND 

LIQUID 

CHEMICAL 

ROCKET 

FOUR ROCKETS of different types are 

compared in these drawings_ Each repre

sents the estimated weight of a rocket pow-
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course have to be conducted at remote 
sites. 

The temperature limitation inherent in 
the solid-core nuclear reactor has in

spired a number of alternative systems. 
One of these is the gas-phase nuclear 
reactor. Such a reactor would have a 
gaseous core, with uranium present in 
the gas phase of a compound such as 
uranium hexafluoride. It could be op
erated at temperatures up to 10,000 
degrees F. because, as in the chemical 
rocket, the walls of the reactor chamber 
would be kept cool by preheating the 
in flowing propellant. However, no one 
has figured out how to transfer the heat 
from the reactor gas to the propellant 
gas without losing the uranium hexa
fluoride in the exhaust stream. It has 
been shown that the ejection of 1,000 

3.0 MILLION POUNDS 

ONE-

STAGE 

NUClEAR 

pounds of hydrogen per second would 
sweep out at least 350 pounds of urani
um hexafluoride per second. In the three 
to five minutes it would take the rocket 
to escape from the earth, as much as 
100,000 pounds of uranium hexafluoride 
would be lost. At the present cost of 
$10,000 per pound, the launching of 
such a rocket would use up $1 billion 
worth of enriched uranium hexafluoride. 
In addition, the efHux of uranium-hexa
fluoride molecules would raise the aver
age molecular weight of the ejected 
gases and thus offset the improvement 

60 MILLION POUNDS 

TWO-

STAGE 

LIQUID 

ROCKET CHEMICAL 

ROCKET 

in rocket performance that the higher 
gas-temperature was supposed to give. 
It has been proposed that the heavier 
uranium gas might be retained in the 
outer periphery of the chamber by a kind 
of centrifuging arrangement, with the 
lighter propellant rushing through the 

150 MILLION POUNDS 

FOUR-

STAGE 

SOLID 

PROPELLANT 

ROCKET 

edul enough to launch a lOO,OOO·pound payload (symbolized by 

black spheres) into space; the drawings do not attempt to show 

sizes in accurate proportion. The t wo·stage nuclear·chemical rocket 

at far left appears more efficient than the single-stage nuclear vehi. 

cle next to it. However, the problem of separating the two stages in 

Right would probably make the single·stage rocket more reliable. 
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center. Alternatively, porous barriers 
might be used to "strain" the larger 
uranium-hexafluoride molecules out of 
the exhaust stream. Each such sugges
tion, however, raises more problems than 
it solves. 

Yet temperature limitation is so criti
cal that the gas-phase reactor is receiv
ing further attention, along with other 
equally radical ideas. According to a re
cent announcement by the A.E.C., an 
even more radical idea is being studied. 
In essence this scheme would utilize se
quenced and controlled nuclear explo
sions to propel a rocket into space. Here 
again the cost of a single mission might 
be very high; the technical problems are 
also formidable. 

In view of all this, the solid fuel-ele
ment system represents the most prob
able first-generation nuclear rocket. 
Judging from the literature, effort along 
these lines is being pursued in the 
U.S.S.R. as well as in the U. S. The solid
core nuclear rocket clearly excels the 
standard chemical systems when the 
payload of the rocket becomes high or 
when the mission requires escape from 
the earth's gravitational field. For 
launching huge satellites or space craft, 
of say 50 tons as compared to the 2,000-
to 3,000-pound weight of the Sputniks 
or the 40-pound weight of the Explorers, 
the nuclear rocket comes into its own. 

Chemical rockets would require many 
stages and enormous take-off weights to 
achieve such launchings. The nuclear 
vehicle can do it with a single stage, a 
lower total weight and much higher re
liability. If we want to reckon with the 
possibility of space vehicles designed for 
voyages of long duration, then we must 
provide them with nuclear boosters to 
carry them free of the earth's gravita
tional pull. 

The space vehicle, on the other hand, 
has quite different energy require

ments. Since it is essentially weightless, 
quite small forces can be utilized to 
propel it, and it may call upon a wide 
selection of new and strange propulSion 
techniques. It might again use a nuclear 
reactor, but a reactor with low gas-flow 
and low thrust. However, for space mis
sions of long duration (on the order of 
a year) a nuclear reactor that directly 
heats the propellant is not so effective as 
some of the more exotic systems. One of 
the more feasible of these systems, first 
proposed by the Austrian rocket pioneer 
Hermann Oberth, is ion propulsion. The 
nuclear reactor that powers an ion-pro
pelled space ship will be markedly dif
ferent from the engine that gets it off 
the ground. This reactor will not heat up 
and accelerate the propellant ions di
rectly but must generate electrical en-

ergy for that purpose and others over a 

long period of time. It will, therefore, 
more closely resemble an earth-bound 
nuclear-power plant. Electrical energy 
from the reactor will first of all vaporize 
liquid cesium and ionize the free atoms. 
An electrostatic field of several thou
sand volts will then accelerate the posi
tive cesium ions to high velocity, while 
an auxiliary electrostatic accelerator (or 
perhaps simply a pointed rod in the 
stream of ejected ions) will bleed the 
orphaned electrons off into space [see 
illustration on opposite page]. Such an 
arrangement can impart an exhaust velo
city to the ions as high as 200,000 feet 
per second. The thrust of the ion beam is 
low; it is on the order of .1 to 10 pounds, 
or a ten thousandth the weight of the 
rocket, as compared to the high ratio of 
thrust to weight required in the launch
ing vehicle. Yet the small thrust is suffi
cient to propel the space vehicle and, 
given sufficient time, to accelerate it to 
extremely high velocities. Since many 
space missions may take more than a 

year, the time needed for acceleration is 
not of great consequence. 

It is the intrinsically large mass of the 
ion-propulsion system that dictates the 
50-ton weight of the space vehicle that 
has been projected in this discussion. 
The nuclear reactor would be coupled, 
by means of a helium working-fluid, with 

FIRST EXPERIMENTAL ROCKET REACTOR will shortly be 

ground·tested at Jackass Flats in Nevada. The device, named 
Kiwi·A after the flightless bird of New Zealand, is a gas·cooled 

solid·fuel reactor that resembles the one diagrammed on page 47. 
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ION ROCKET shown at right is a still

hypothetical device for space travel. Helium 

(colored area at top) heated in a reactor 

drives a gas turbo-generator; exhaust heli

um is cooled in a radiator and returned to 

the reactor_ Current from the generator 

vaporizes liquid cesium, ionizes it and ejects 

the ions (plus signs) at velocities up to 

200,000 feet per second. Electrons (minus 

signs) stripped from cesium atoms are bled 

into space from discharge rods. Ion rockets 

would exert a weak thrust for long periods, 

and would require the help of more conven

tional booster rockets to escape from earth. 

a turbine. The turbine would drive an 
electrical generator, and the spent heli
um would be compressed and sent back 
through the reactor. All of these ma
chines contribute to the weight of the 
rocket. In addition, the low-temperature 
waste heat of the reactor must be ra
diated away from the rocket; the size 
and weight of the required radiator are 
considerable. As a result of its great 
weight of equipment, the rocket acceler
ates slowly and cannot escape from 
strong gravitational fields without the 
help of its complementary twin: the 
high-thrust nuclear booster. 

Still another possible means of nu
clear-rocket propulsion is the fusion 
rocket. As regular readers of this maga
zine are well aware, several laboratories 
are at work on ways to contain a plasma 
of electrically charged particles in a mag
netic field and to raise the temperatures 
of the plasma to the point at which its 
nuclei enter into a fusion reaction. If 
such a thermonuclear reactor can be 
made, it should be possible to adapt it 
to the purposes of a rocket engine. This 
would be done by ejecting the plasma 
from the reactor, thus providing thrust. 

The prospects of space propulsion 
abound in such strange systems of 

energy transformation. The direct con
version of nuclear-fission, or thermonu
clear-fusion, heat to electricity would 
reduce the weight of auxiliary equip
ment in the ion rocket and lead to im
proved performance. Propulsion by the 
ejection of plasmas via internally gen
erated electrostatic and electromagnetic 
fields and by the ejection of photons are 
presently under study. Providing man 
succeeds in surmounting his own menace 
to his continued existence on earth, he 
may soon be venturing into space, not 
unlike the first prehistoric fish that 
flopped awkwardly out of the sea into 
thin air on dry land. 
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Balloon Astronomy 

Sonw remarkab�y sharp photographs of the Slln made with a telescope 

lifted 82,000 feet are an ea';ample of how astron01ny can be advanced 

by m,eans of observations from balloons, rockets and artificial satellites 

O
n a quiet September morning in 

1957 a huge, transparent bal
loon, brilliantly lighted by the 

sun, Boated across the sky 15 miles above 
the fields of Minnesota, Following its 
course in automobiles on the ground a 

group of anxious astronomers wondered 
whether the telescope and camera they 
had hung beneath the bright bubble 
were working, Like all astronomers, they 
were used to the fact that the objects 
they were studying were hopelessly out 
of reach, But to have their viewing 
equipment also inaccessible was a new 
experience, Fortunately this time their 
fears were unnecessary; the instruments 
did quite nicely on their own, obtaining 
pictures of the sun's surface sharper than 
any made previously. 

Soon there will be other and more 
elaborate balloon experiments, We may 
expect that in the not-too-distant future 
telescopes will be mounted on satellites 
revolving hundreds of miles above the 
earth's surface. Why this effort to get a 
mere few miles closer to celestial ob
jects? The answer is of course that this 
short distance takes us above the earth's 
atmosphere, which hangs like a distort
ing and dimming veil between our tele
scopes and the stars. The air is heated 
unevenly, particularly near the ground 
and in the region at about 40,000 feet 
called the tropopause. The resulting 
turbulence distorts light rays passing 
through the air, smearing points of light 
into irregularly varying spots, Anyone 
who has seen the stars twinkle has ob
served this effect, which astronomers call 
"bad seeing," Making each point of light 
look bigger than it actually is, the effect 
limits our ability to distinguish separate 
stars when they are close together, and 
to make out fine detail on a larger object 
like the sun, 

To help overcome the effects of bad 
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seeing, many observatories are located 
on carefully selected mountaintops, 
where the lower air is quietest. But even 
on mountaintops there is still much local 
turbulence, and the problem of the 
tropopause is completely unsolved, In 
1956 a telescope was taken aloft in a 
manned balloon by D, E. Blackwell and 
D. W, Dewhirst of the University of 
Cambridge and A. Dollfus of the Meu
don Observatory in France; however, 
the ceiling of their Bight was below the 
tropopause, so they eliminated only one 
of the two sources of bad seeing, 

In addition to causing bad seeing, the 
atmosphere handicaps astronomers in 
another way: it absorbs all the ultraviolet 
and much of the infrared radiation of 
the sun and stars, Balloon altitudes may 
suffice to overcome the infrared absorp
tion. But for investigations in the ultra
violet-potentially extremely important
the much higher altitudes of rockets and 
satellites are needed, Indeed, rockets 
have already carried ultraviolet spectro
graphs up 40 miles or more. However, 
there are many astronomical problems 
affected by bad seeing but not by ab
sorption; for them stratospheric balloons 
are a very effective tool. 

At the PrincetoE University Observa
tory we have long been interested in off
the-ground astronomy, largely because 
of the enthusiasm of Lyman Spitzer, Jr., 
director of the Observatory. For the first 
venture into the field our group chose a 
comparatively easy yet important prob
lem: a study of the sun, Because of its 
nearness and brightness the sun is often 
a good starting pOint in astronomical re
search. It is the only star that appears to 
us as anything more than a point of 
light. By studying its visible features we 
can learn not only about conditions of its 
surface, but also something about its in
terior. This information helps illuminate 

many other problems, such as how the 
stars evolve. 

'fhe bright surface of the sun, known 
as the photosphere, has a finely mot

tled appearance when it is viewed 
through a telescope, On it there are 
bright spots, or "granules," separated by 
darker regions. The bright spots are 
columns of hot gas rising from the inte
rior, while the dark areas are cooler gas. 
that is sinking back again. The whole 
surface of the sun is covered by this ever 
shifting convective pattern. From the 
details of the pattern-the size, bright
ness and duration of the individual gran
ules-we get information about the 
mechanism by which heat is transported 
outward from the depths of the star. 

Through the years astronomers have 
taken innumerable photographs of the 
sun's granulation. For more than half a 
century-such is the importance of see
ing-the prize plate remained one that 
was made at an unusually favorable mo
ment in 1885 by the French astronomer 
Jules Janssen. In recent years techniques 
have improved; photographs of high 
resolution have been obtained not only 
during the 1956 manned-balloon Bight 
but also from the ground by Jurgen 
Rosch of the Pic du Midi Observatory in 
France, Robert B. Leighton of the Cali
fornia Institute of Technology and G. 
Thiessen of the Bergedorf Observatory 
in Germany. However, an accumulation 
of indirect evidence indicated that there 
must be finer details in the granulation 
pattern than were revealed on any of the 
plates. 

To see these cletails there seemed no 
alternative but to get a telescope above 
the tropopause. 'When James A. Van 
Allen of Iowa State University encour
aged us to use balloons, our group at 
Princeton began planning. We turned 
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SURFACE OF THE SUN was photographed hy the balloon-borne 

12-inch reflector of the Flying Telescope Project. This picture 

covers an area on the sun 43,000 miles hy 31,000 miles. The lighter 

spots in the photograph are rising columns of incandescent gas; 

the darker areas, sinking masses of gas. The dark spot about an inch 

from the right at the top is a "pore," resembling a tiny sunspot. 
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MOUNTING OF THE TELESCOPE is depicted in this simplified drawing. The telescope 

is shown in its observing position. As it is borne aloft it is stowed within the mounting. 
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for advice to several experts: John W. 
Evans of the Sacramento Peak Observa
tory in New Mexico, the Navy balloonist 
Malcolm Ross and cosmic-ray physicists 
at the University of Minnesota. The re
sulting plans received financial support 
from the Office of Naval Research, from 
the Air Force Geophysical Directorate 
and more recently from the National 
Science Foundation. 

For the 1957 flights the telescope was 
designed and constructed by the Perkin
Elmer Corporation; the pointing control, 
by the Research Service Laboratories of 
the University of Colorado. The balloons 
were made and the flights conducted by 
General Mills, Inc. The capability, en
thusiasm and spirit of cooperation of 
these firms have played a decisive role 
throughout the project. 

A good deal of ingenuity went into 
building a system that would operate 
automatically in the lonely reaches of the 
stratosphere. Perhaps the best way to 
get an idea of the difficulties involved is 
to look briefly at the apparatus designed 
to overcome them. 

The telescope itself has an eight-foot 
tube, at one end of which is a parabolic 
quartz mirror 12 inches in diameter. At 
the other end of the tube are a plane 
mirror and a prism that reflect the light 
gathered by the parabolic mirror back 
along a path above the tube of the tele
scope into a 35-millimeter motion-pic
ture camera [see diagram on opposite 
pagel. A lens in the light path enlarges 
the image presented by the primary mir
ror to the size of an image that would be 
produced by a 200-foot telescope. At 
this magnification each frame of the 35-
millimeter film covers a rectangle about 
50,000 by 35,000 miles on the surface 
of the sun. Exposures are made at the 
rate of one per second, each lasting a 
thousandth of a second. 

To find the sun, and to remain pOinted 
at it, the telescope must be free to turn 
both horizontally and vertically. It is 
mounted in a metal frame in which it 
can swing vertically, and the frame it
self turns in the horizontal plane [see 
illustration at left l. A pair of motors, 
guided by light-sensitive semiconductor 
"eyes," drives the apparatus in the two 
directions. This guiding mechanism 
must hold the telescope very steadily 
centered on the sun; during exposures 
the rate of motion cannot exceed one 
rotation of the telescope per hour. The 
system did its duty well, as we con
firmed in advance by ground tests. We 
suspended the assembly and allowed it 
to follow the sun; it pointed at the sun's 
center accurately and steadily. If some-
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one tried to push the telescope away 
from its proper position, it would push 
sturdily back, uttering a low growl. Dur
ing a preliminary test flight the pointing 
mechanism passed its final examination. 

In flight the apparatus is hung from a 

parachute that is in turn attached to 
the balloon. After the film is exhausted 

a preset timer stows the telescope ver
tically within the frame and cuts the 
parachute away from the balloon. In 
addition to serving as a mounting, the 
frame protects the telescope when it hits 
the ground. A Styrofoam crash pad on 
the bottom cushions the fall, and a large 
wheel at the top, which carries the bat
teries that drive the motors, takes up the 

impact when the frame topples over on 
its side. 

Aside from the fundamental questions 
of optical design and guidance, the ma
jor problems that had to be faced con
cerned heating. Starting at a tempera
ture of, say, 60 degrees Fahrenheit on 
the ground, the telescope was exposed 
to air at about 70 below zero in the stra-

TELESCOPE ITSELF is shown separate from its mounting. Its 

12·inch primary mirror is inside the left end of the tuhe; its sec· 

ondary mirror is mounted on the arm which projects into the 

open right end of the tube. The tube is perforated to cool it. 

MAGNIFYING 
ROD CONNECTING SHUTTER AND ROTATING ARM 

SECONDARY MIRROR 

OPTICAL SYSTEM of the telescope is shown in cross section. The 

arm on which the secondary mirror is mounted is rotated once a 

STYROFOAM INSULATION 

second to prevent the mirror from overheating. The magnifying 

lens increases the �ize of the image and projects it on the film. 
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tosphere while being simultaneously 
subjected to the full heat of the sun. To 
minimize distortions the quartz primary 
mirror was heavily insulated at the back 
and sides so that practically all the heat 
was absorbed and radiated at the front 
face. While the arrangement could not 
prevent changes in the focal length of 
the mirror, it did enable the mirror to 
maintain a nearly perfect surface. 

Since the focus of the mirror would 
necessarily vary, and by an unknown 
amount, the focal image could not al
ways be expected to fall sharply on the 
film. We therefore adopted the strata
gem at moving the magnifying lens be
tween the mirror and the camera, driv
ing it steadily back and forth over the 
full range of anticipated variation every 
20 seconds. Thus 19 out of every 20 pic
tures would be blurred, but one was sure 
to be in focus. 

The flat secondary mirror also pre
sented a heating problem, located as it 

is at the hot primary image of the sun. 
To ensure its proper functioning it was 
mounted on an arm that rotated once a 
second, placing the mirror in the light 
beam for only a 30th of a second on each 
cycle. The shutter of the camera was of 
course synchronized with the motion of 
the mirror. 

By September 16, 1957, all the appa
ratus had been assembled and tested at 
an airport near Minneapolis, the head
quarters of General Mills. From there it 
was to be launched. But though we were 
ready, the stratosphere was not. Over
head was the jet stream, blowing vio
lently toward the north woods. Eight 
days passed before the winds became 
favorable. Then we were alerted for a 
flight at dawn. 

Starting at 1:30 a.m. we completed 
the final check-out, and the launching 
crew went into action. Using a fork-lift 
truck, they moved the delicate, top
heavy equipment from the tent where it 

was stored to the Jaunching truck, hang
ing it from a pair of hooks on a tall rack. 
The parachute shrouds were attached to 
the top of the frame and stretched over 
the launching truck to the canopv of the 
parachute, which was laid out in a line. 
The top of the parachute was attached 
to the bottom of the balloon, which had 
been unrolled from its box. The balloon, 
made of polyethylene two thousandths 
of an inch thick and reinforced with 
Fiberglas tapes, would be 130 feet in 
diameter when it was fully inflated. Now 
about two thirds of it lay stretched in a 
thin line beyond the parachute. At th 
two-thirds point it was held under ,1 

roller on a small auxiliary truck. The re
maining third was inflated from the top 
with helium. 

N.. we all tensely
. 

awaited sunrise, the 
quietest time for launching, the in

flated portion of the balloon towered 
above us. It caught the first light of day 

BALLOON IS PREPARED FOR LAUNCHING at dawn Septem

ber 25, 1957, nine days after the flight described in detail by tbe 

lext. The scene is an airport outside of Minneapolis. The mounting 

of the telescope is suspended from a rack on the back of the truck 

at right. Attached to the lines extending from the top of tbe mount· 

ing is a large parachute, which in turn is attached to the ballooJl. 
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on its smooth and shining sides, and as 
the sun brightened it gleamed with a 

rosy sheen. At last the launching chief 
gave the signal. The roller holding down 
the balloon was released and the small 
truck was driven quickly out of the way. 
The whole bag rose free, with loud 
snapping noises, pulling downwind and 
drawing the parachute up after it. As 
soon as the shrouds were taut, the 
launching truck started forward. At the 
instant it came directly under the bal
loon a powder squib was fired, cutting 
a cord that tied the parachute to the 
truck and allowing the balloon to lift 
the load. After all the bustle and excite
ment, the quiet calm as the telescope 
Boated noiselessly away came as a strik
ing contrast. 

It was just 7: 15 a.m. when the launch
ing was completed and the chase began. 
The posse included a small plane and a 
truck (both equipped to receive radio 
signals from the balloon and thus to 
track it in case of clouds) , a van for car
rying back the equipment, and several 
personnel cars. 

By nine o'clock the balloon had 
reached altitude (about 82,000 feet, or 
above 96 per cent of the atmosphere), 
and the master timer turned on the elec
tronic equipment. At 9: 15 the pointing 
motors centered the telescope on the 
sun. An hour later, when the tempera
ture had settled down, the camera was 
turned on. A thousand feet of film, con
taining 8,000 frames, was fully exposed 
by 12: 30. At 12: 45 the timer gave the 
signal to restow the telescope in its ver
tical position. A little later a powder 
squib cut the parachute free. Those of 
us who were watching through binocu
lars saw the balloon shatter into a thou
sand pieces, and the red- and white
striped parachute open, its load swing
ing wildly underneath. The shreds of 
balloon spread out and followed like the 
silvery tail of a comet. 

The parachute landed its cargo in a 
field about 150 miles east of Minneapo
lis. Guided by the plane we arrived at 
the site 15 minutes after impact. We 
examined the equipment, which had suf
fered little damage, stowed it in the van 
after removing the camera with the ex
posed film and left for home. Arriving 
at midnight, we had 24 hours of astro
nomical ballooning behind us. We were 
so tired we had to go to bed leaving un
answered the burning question of wheth
er the experiment had been successful. 

Next morning, when we had rested 
enough to do reliable work in the dark
room, we started to develop the RIm. 
The first 100 feet proved that it was not 

TELESCOPE SOARS ALOFT after the balloon is released. It reaches altitude in about 

two hours and operates for about four more. Then the telescope parachutes back to earth. 

blank, as we had seen it in our night
mares. The apparatus had functioned 
well, and we had some photographs of 
unprecedented quality. 

A second flight a short time later gave 
us another 1,000 feet of photographs. 
All told about 10 frames turned out to 
have the superior resolution for which 
we had hoped. These 10 frames exceed
ed the minimum goal of the entire un
dertaking, and contained a wealth of 
new information. Many other frames 
contained excellent portions. That there 
were not more of top quality was the 
fault of vibration from the motors and 
other rotating parts. There was no evi
dence at all that bad seeing interfered 
in any of the frames. 

Three main characteristics stand out 
on the photographs. First, the granules 
come in widely assorted sizes. Many of 
them are only 180 miles in diameter, far 
too small to have been recognized on 
photographs taken from the ground. 
From this size they range up to diame
ters of about 1,000 miles. Second, most 
of the granules have the complicated 
shapes of irregular polygons. Third, the 
dark areas differ sharply from the bright 
ones; they tend to form a connected net 
of narrow lanes separating the more sub
stantial bright spots. 

This pattern came as a complete sur
prise. It represents one of the types 

of motion that may be set up when a 
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TELESCOPE CAME TO EARTH iIi a cornfield near Scarville, 

Iowa, 230 miles east of the point at which it had been launched 

on its second flight. In the foreground is the bottom of the mount· 

ing. It is protected against the impact of landing by a crash pad. 

fluid is heated evenly from below, as the 
gas in the sun is. But it is not the type 
lVe expected to see. 

The behavior of such a fluid depends 
on its depth and on the rate at which it 
is heated. If it is shallow and the heating 
is gentle, the rising columns of gas or 
liquid form a series of neatly defined 
polygons of uniform size. This condition 
is known as stationary convection. In
creasing the depth or the rate of heating 
causes the stationary cells to break up 
into a shifting array of irregular poly
gons of varying sizes. The surface now 
presents an ever changing appearance, 
from which comes the term nonstation
ary convection. 

The sun's outer layer is exceedingly 
deep, and heat flows through it at an 
enormous rate. Because of these extreme 
conditions we had expected the granu
lation pattern to be still more chaotic 
than for nonstationary convection. In
stead the new photographs show unmis
takably that the pattern of the solar 
granulation is that of nonstationary con
vection. This unexpected result corrects 
our picture of conditions in the solar at
mosphere. It contributes to our knowl
edge of how the heat produced at the 
center is carried outwards. It therefore 
provides new information about condi-
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tions in the interior of the sun, and is 
bound to help us in understanding the 
evolution of stars in general. 

Readers who would like to get a vivid 
picture of conditions on the sun's sur
face can do so in the following home 
experiment: Pour molten paraffin to a 
depth of about an eighth of an inch into 
a flat-bottomed Pyrex dish at least six 
inches across. Add a little powdered 
aluminum and lampblack to make the 
convection patterns visible. Place the 
dish on an electric plate and heat it even
ly over the entin� bottom just enough 
to keep the paraffin liquid. Soon the sur
face will divide into uniform, well-de
fined polygons: the pattern of stationary 
convection [see top photograph on op
posite page J. Now add enough paraffin 
to bring the depth to half an inch. The 
stationary cells will break up into the 
typical nonstationary pattern-irregular 
polygons of assorted sizes separated by 
lanes, just as in the solar granulation [see 
bottom photograph J. 

Although granulation studies were 
the primary aim of the first balloon ex
periment, the sharp pictures that were 
obtained throw new light on several 
other problems. One of them concerns 
certain small, dark spots known as pores. 
Photographs taken from the ground 

were rarely sharp enough to show up 
the pores clearly, so it was impossible to 
follow their development. An analysis by 
J. D. Bahng of the balloon pictures has 
now demonstrated that the pores have 
much longer lifetimes than the granules. 
This substantiates the earlier hypothesis 
that granules are nothing but small sun
spots. In another investigation John B. 
Rogerson is using the new photographs 
to measure the sharpness of the edge of 
the sun. This will give information on 
the temperature in the outer layers of the 
solar atmosphere. 

Now that it is under way, high-alti
tude astronomy will develop rapidly. At 
Princeton our Flying Telescope Project, 
headed by Lyman Spitzer, is planning 
both balloon and satellite experiments. 
In our next venture with the stratoscope 
(as the balloon telescope has been 
named) we shall attempt to point and 
focus the instrument by remote control. 

A new television system being devel
oped by V. K. Zworykin's sectior. at the 
Radio Corporation of America Labora
tories will present to ground observers 
the same picture that is falling on the 
photographic film. As they watch the 
television screen, they will adjust the 
focus of the telescope by radio and keep 
it sharp. Thus practically every frame 
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should be in focus, rather than every 
20th one. A major effort is also being 
made to eliminate from the system the 
mechanical vibrations that gave the chief 
trouble in 1957. 

In the coming flights we plan to observe 
the granules continuously over an ex

tended period to see how they develop 
and how long they persist. We also aim 
to study sunspots and the granulation at 
their periphery. Here the gas is subject 
to strong magnetic Relds. Do the Relds 
stabilize it sufficiently to set up stationary 
convection in these areas? This is one of 
the fascinating questions in the ReId of 
plasma physics, a ReId growing in im
portance for thermonuclear reactors and 
astrophysics alike. 

Beyond these solar investigations are 
much broader opportunities for balloon 
astronomy. The very best night pictures 
taken from the ground have a resolution 
of about a third of a second of are, which 
is the theoretical resolving power of a 
12-inch mirror. With a 36-inch mirror 
the theoretical limit is a 10th of a second 
of are, and above the atmosphere one 
might attain it. Planning for a 36-inch 
stratoscope has already begun, but the 
requirements are formidable. The mirror 
must be ground to unprecedented accu
racy. The telescope must be guided 
steadily within a lOth of a second of arc 
for minutes at a time; in the Rrst flights 
guiding to a third of a second of arc 
during a thousandth of a second sufficed. 
However great the difficulties, the po
tential rewards for solving them are 
dazzling. 

Better resolution is the only answer to 
many basic astronomical problems. With 
the help of the 36-inch stratoscope we 
should be able to understand better the 
changes in the atmospheres of Venus 
and Jupiter, analyze the division in 
Saturn's rings and measure the diameter 
of Pluto. Farther out in space we could 
study the Great Nebula in Orion, where 
new stars seem to be forming in dense 
interstellar clouds. At the other end of 
the evolutionary scale we could investi
gate in detail whether the gigantic shells 
of gas known as planetary nebulae repre
sent the dying phases of stars. Then 
there are the galaxies outside our own, 
whose mysteriOUS dense nuclei may con
tain clues to their past history. 

All these problems and many more 
can be tackled if a 36-inch telescope can 
be put into the black and unwavering 
heights of the stratosphere. And at the 
same time invaluable experience can be 
gained for the next phase of astronomy 
with telescopes on artiRcial satellites. 

EXPERIMENT WITH PARAFFIN heated in a flat dish recreates the pattern of the surface 

of the sun. At top is the pattern of "stationary" convection in paraffin an eighth of an inch 

deep; at bottom, the pattern of "nonstationary" convection in paraffin half an inch deep. 

The nonstationary pattern resembles that observed in photographs of the sun's surface. 
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The Origin of Darwinism 

Who were the pioneers of the lnodern concept of e()olution? Charles 

Darwin did not gi()e them the credit the'y deser()ed, but his failure 

to do so ironicall'y pa()ed the wa'y for the acceptance of the concept 

I
n November, 1859, there appeared a 

book which within a few days con
vinced quite a large number of those 

who read it that the ideas thev had 
cherished of the origin and nature of 
man were false. The book-Charles Dar
win's Origin of Species-was an unpre
tentious account of all aspects of life, 
which could be understood bv educated 
laymen. It attempted to show that all 
living things were derived bv descent 
and gradual transformation from com
mon origins many millions of years ago. 
Hence, to the dismay of serious Chris
tians, the Biblical story of Creation 
seemed in danger of falling to the 
ground. 

The partisans of Creation, both pro
fessors and bishops, counterattacked 
with vigor, and a bitter struggle en
sued. In about 10 years' time, however, 
the educated world was effectively con
verted to Darwin's view of what had 
come to be called evolution and was now 
called Darwinism. The defeated party 
retired to lick its wounds in quiet places. 

Not all the wounds, however, were 
suffered on one side. Two shafts of criti
cism struck Darwin more directly than 
the outside world was allowed to know. 
They touched his particular theory that 
evolution took place by natural selec
tion, a process analogous to the artificial 
selection which plant and animal breed
ers were practicing with such great suc
cess at that time. The first criticism as
serted that Darwin's thesis was not true; 
the second, that it was not new. Such 
criticisms are raised against all revolu
tionary hypotheses, but both of these 
were serious and well informed. 

As to the second criticism, it is often 
said that it matters little whether the 
theory was truly Darwin's invention. We 
owe it to him that the world was brought 
to believe in evolution; we ought to be 
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by C. D. Darlington 

duly grateful and leave it at that. If a 
centenary is an occasion merely for ac
knowledging a debt, the matter could 
be allowed to stand. But I think it is 
an occasion for a more useful exercise. 
Here is a theory that released thinking 
men from the spell of a superstition, 
one of the most overpowering that has 
ever enslaved mankind. We should have 
no superstition about how such a spell 
came to be broken. 

The assertion that natural selection 
was not true, or rather would not 

work, came from several sources. It came 
most cogently from one Fleeming J en
kin, professor of engineering at Edin
burgh University. In 1867 Jenkin point
ed out that if all hereditary differences 
blended on crossing, as Darwin assumed, 
then any variation that arose would 
diminish in importance in each succeed
ing generation and no new variation 
could persist long enough to be selected 
bv the process that Darwin proposed. 
Now this was not a criticism of natural 
selection. It was a criticism of Darwin's 
notions of heredity. And it was a per
fectly sound one for, as Gregor Mendel 
showed, differences do not blend on 
crossing. They remain intact and reap
pear in full strength in later generations. 
Yet Darwin took it as a criticism of natu
ral selection. Accordingly, in succeeding 
editions of the Origin of Species, he 
shifted his ground. He began to suggest 
that direct adaptation of the organism 
to its environment brought changes in 
heredity, and that this direct action 
played a part, along with natural selec
tion, in the transformation of species. 

This shift of ground was noticed by 
Darwin's critics. Darwin responded by 
calling their attention to something they 
had overlooked. In the first edition of the 
Origin of Species he had mentioned 

twice that the effects of the "external 
conditions of life"-both the direct ef
fects of climate and food and such in
direct effects as the use and disuse of 
organs-were perhaps in some extremely 
small degree inherited. Change was 
partly directed before it took place as 
well as partly selected after it took place. 
In other words, Darwin had prepared a 
line of retreat against the possibility that 
natural selection might be found un
tenable. He now prudently took this line. 

As time went on Darwin relied more 
and more on a double or mixed theory 
of evolution: selection plus direction. 
When he came to write The Descent 
of Man 10 years after the appearance 
of the Origin of Species, the full advan
tages of this mixed hypothesis began 
to be felt. 

The critical question in The Descent 
of Man was that of the evolution of 
man's moral, spiritual or religious char
acter. By this time there was nothing 
in man's physical or intellectual charac
ter that could not follow the principles 
of animal evolution. But on the moral 
question Darwin had to weigh a risk. 
The memory of Joseph Priestley's ex
perience was still fresh. Priestley had 
made incautious statements on religion, 
and in 1794 his library had been burned 
and he had been forced to emigrate to 
the U. S. Darwin also had to consider 
the feelings of his wife, a doubly devoted 
woman, who took her religion quite as 
seriously as she took his work. He was 
saved by his mixed theory of evolution. 

On the one hand, Darwin argued, 
any intelligent animal with social in
stincts could by selection come to de
velop a moral sense, a feeling of duty, 
a conscience. Selection by itself is 
enough to produce the moral sense. A 
dog, he points out, can be bred and 
trained so that it has a feeling of guilt 
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when it fails to do what it "ought" to 
have done. So much for the dog. But 
when Darwin sums up his views and 
comes to man, he hedges. "Social qual
ities," he suggests, "were no doubt ac
quired by the progenitors of man ... 
through natural selection aided by in
herited habit." And later: "It is not im
probable that virtuous tendencies may 
through long practice be inherited." 
Finally he concludes that social instincts, 
which afford the basis for the develop
ment of the moral sense, may be "safe
ly attributed" to natural selection. But 
"the moral qualities are advanced either 
directly or indirectly, much more 
through the effects of habit, the reason
ing powers, religion, etc." 

Here we see the most dangerous pas
sage in all of Darwin's works. For at first 
glance it seems to mean so much. But 
when you have read it two or three times 
you see that it means just what you want 
it to mean. If you are a rationalist, you 
will suppose that the blind forces of 
nature-even an element of chance
working through natural selection pro
duced the moral qualities of man. And 
if you are devout, you will suppose that 
man has acquired his spiritual gifts un
der divine guidance, inspired teachers 
having instructed him in the principles 
of religion most pleasing to his Creator. 
Was it an accident that Darwin's con
clusion meant just what every reader 
wanted it to mean? I think not. Darwin 
used the same ambiguity in his private 
letters. 

Darwinism, therefore, began as a the
ory that evolution could be explained 
by natural selection. It ended as a theOl'v 
that evolution could be explained just 
as you would like it to be explained. 
This brings us back again to the second 
criticism: that Darwin's theory was not 
new; that it was not even his own. 

T he story of the slow growth of evo-
lutionary theory has been told often. 

The best account that is friendly to 
Darwin was written by Henry Fairfield 
Osborn of the American Museum of 
Natural History in From the Greeks to 
Darwin, published in many editions be
ginning in 1894. The best unfriendly ac
count was written by Samuel Butler, the 
author of Erewhon, in four books pub
lished between 1877 and 1885. The 
most unreliable account that ever will 
be written is undoubtedly the "Historical 
Sketch" which Darwin himself wrote 
and appended to the third edition of the 
Origin of SpeCies in response to the ap
peals of his friends and the challenge of 
his enemies. This reads like the confes-

sion of an unhappy man, written under 
fearful stress. The story of the origin of 
Darwinism has not been written in the 
20th century. It has not yet been written 
in the cooler, clearer light of what genet
ics has taught us and of what each evo
lutionist in turn has said and done. When 
the evidence is reviewed in this light, it 
takes on a living continuity that has not 
been noticed before. 

Much of the story must remain in dis
pute. But the important steps, as they 
now appear, can be briefly made out. 

During the 18th century a cleavage 
of opinion developed between those who 
held to the Biblical story of Creation and 
those who assumed some kind of evolu
tion. In general the idea of evolution was 
familiar to students of what was already 
called natural history, but the evolution
ary point of view had to be expressed 
with caution. Governments almost every-

where wished to maintain the religiOUS 
beliefs of the uneducated masses. This 
was particularly true outside France 
after 1789. But it was possible for Ben
jamin Franklin in the U. S. to refer to 
man as "a tool-making animal," and it 
was possible for Lord Monboddo at the 
same time in Scotland to suppose that 
man had formerly walked on all fours 
and was to be reckoned as belonging to 
the same species as the orangutan. 

It was in these circumstances, be
tween 1789 and 1803, that Erasmus 
Darwin wrote a series of works, in prose 
and verse, in which he included state
ments of his view of evolution. These 
statements attempt to answer the two 
obvious questions. First, are all living 
things in truth descended by transforma
tion from a single ancestor? Second, how 
could they have been transformed? 

In favor of the evolution of animals 

, grandfather of Charles, originated many central ideas in evolution

ary theory. Of him Charles said merely: "He anticipated the erroneous ideas of Lamarck." 

61 

© 1959 SCIENTIFIC AMERICAN, INC



from "one living £lament" Erasmus Dar
win assembled the evidence of embryol
ogy, comparative anatomy, systematics, 
geographical distribution and, so far as 
man is concerned, the facts of history 
and of medicine. He particularly noted 
the difference between the fauna of the 
Old World and the New, which was to 
become an increasingly prominent de
bating point in the future. These argu
ments about the fact of transformation 
were all of them ah'eady familiar. As to 
the means of transformation, however, 
Erasmus Darwin originated almost every 
important idea that has since appeared 
in evolutionary theory. He supposed that 
competition and selection were means of 
change; that overpopulation was a con
tinual agent in enhancing competition; 
that this was true in plants as well as in 
animals; that in animals another impor
tant kind of selection arose from compe
tition between males in pursuit of the 
female; that fertility and susceptibility 
to disease, being hereditary, were fields 
of selection. He took the Comte de Buf
fon's notion of the inheritance of ac
quired characteristics and suggested that 
this inheritance might be not only direct 
but also indirect; that the effects of use 
and disuse might be inherited. 

E rasmus Darwin, physician, philoso-
pher and poet, was one of the most 

celebrated personalities in the England 
of his time. His writings on evolution en
joyed enormous popularity. Two years 
after his death the word "Darwinian" 
was first attached to his ideas. This was 
five years before the birth of his grand
son Charles. His Zoonomia was trans
lated into French, German and Italian. 
Four years after it appeared Thomas 
Malthus developed one of its ideas into 
his Essay on Population. Nine years later 
the Chevalier de Lamarck expounded a 
theory of evolution based on the Dar
winian inheritance of the effects of use 
and disuse. Seventy years later Charles 
Darwin wrote a book on sexual selection. 
At the same time another of Erasmus 
Darwin's grandsons, Francis Galton, be
gan to develop his ideas on human 
breeding and invented the study of 
eugenics. 

Not one of these works acknowledges 
their undoubted precursor. But it is not 
the multiplicity of Erasmus Darwin's in
tellectual heirs that concerns us here. 
More important is the fact that his influ
ence upon the immediately ensuing his
tory of evolutionary thought was largely 
negative. This came about through La
marck's elaboration upon Erasmus Dar
win's idea of the inheritance of acquired 
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characteristics. By making the notion 
explicit and giving examples, Lamarck 
unintentionally revealed its absurdity. 
After reading about how the race of 
giraffes had grown a longer neck simply 
by stretching for the higher branches, 
the whole world laughed. It seemed, in
deed, to have laughed not only Lamarck 
but the whole idea of evolution off the 
stage. 

Something more than laughter, how
ever, followed from Lamarck's work. In 
England three Fellows of the Royal So
ciety seem to have been moved inde
pendently to retort to Lamarck and to 
add an appendix to Erasmus Darwin. I 
say "seem" because, following the cus
tom of the time and of the subject, they 
did not mention either Darwin or La
marck. But they all repudiated the in
heritance of acquired characteristics. 
The three men were William C. Wells, 
James C. Prichard and William Law
rence. Their views, announced at the 
same time in 1813, were emphatic and 
almost identical; since they were all 
physicians they dealt chiefly with man. 
As Prichard said: "All acquired condi
tions of the body end with the life of 
the individual in whom they are pro
duced. But for this salutary law the uni
verse would be filled with monstrous 
shapes." All three men advanced explic
itly and in detail the alternative theory 
of natural selection foreshadowed by 
Erasmus Darwin. These three communi
cations were the first clear statements of 
such an idea-in opposition to notions of 
evolution guided by design and purpose 
-since classical times. 

What happened to these three men, 
these precursors of Charles Darwin? 
Wells died before his essay was pub
lished. Prichard lived many years to 
publish revised editions of his work. And 
as he revised them he did exactly what 
Darwin did later: He mixed his theory to 
include directed variation. The reason 
why Prichard, and also Darwin, re
treated from their positions is revealed 
by the case of the third man, William 
Lawrence. 

�wrence's book bore as its subtitle the 
significant phrase: "Natural History 

of Man." His argument was that physi
cal, medical, intellectual and moral dif
ferences among the races of man and 
among individuals were hereditary. The 
races had arisen by such distinct and 
identifiable mutations as are observed 
among members of the same litter of 
kittens or of rabbits. This is perhaps the 
first time the idea of genetic segregation 
and recombination appears in modern 

SKULLS appear in William Lawrence's 

Lectures on Physiology, Zoology, and the 

times. The characteristics that distin
guish the races of men are maintained 
by barriers against their interbreeding 
like those that maintain the distinguish
ing characteristics of species of animals 
and plants. "Selections and exclusions" 
are the basis of all adaptation. Differ
ences, either physical or intellectual, be
tween races of men can never be related 
to the direct action of food, climate or 
government. Men could be improved or 
ruined by selection in breeding just as 
domesticated animals may be improved 
or ruined. Drawing a political moral, 
Lawrence noted that the European royal 
families and aristocracies had mostly 
followed the second course. Zoology, he 
concluded-the study of man as an ani
mal-is the only proper approach to the 
study of either medicine or morals, poli
tics or social science. 

Lawrence's book on the natural his
tory of man had the same position in 
England after the war of 1815 that Ma
rie Stopes's works on sexual relations and 
birth control had after the war of 1918. 
It was outspoken and revolutionary. It 
released personal, sexual, religious and 
political inhibitions. Lawrence's sugges
tion that a corrupt and mentally defi
cient aristocracy and monarchy might be 
replaced by applying the proper process
es of stockbreeding to man was shocking 
but also extremely readable. His discus
sion of the orangutan theory of the origin 
of man was learned but intelligible, and 
it was relieved by vivid references to the 
buttocks of Hottentot women and what 
he called "the rites of Venus." 

The clergy read it, enjoyed it and de
nounced it. The laity read it and enjoyed 
it. From Lawrence they learned about 
the principle of sexual selection and the 
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Natural Histo.ry 0./ Man, published in 1822. In this work Lawrence 

advanced the idea that men evolved by natural selection, and re-

jected the inheritance of acquired characteristics. At left is the 

skull of a Kalmuck; in center, of a Negro; at right, of a Carib. 

analogy with animal breeding that 
Charles Darwin was later to expound as 
his own; about the action of mutation 
and segregation which Darwin was to 
dismiss; about the comparative study of 
skulls, to be improved on by Thomas H. 
Huxley; and about the idea of eugenics, 
later invented by Galton .. All these 
things were expounded in 500 pages by 
Lawrence. 

Now in those days no one could study 
or teach at either Oxford or Cambridge 
who was not approved by the Church of 
England. Almost all of the teachers had 
to be ordained ministers of religion. 
Through the universities the intellectual 
life of the country was controlled by the 
Church. The Church itself and the gov
ernment were both controlled by the 
landed aristocracy. The whole country, 
however, was seething with political dis
content, and the government faced the 
imminent danger of revolution. Law
rence's book made it clear that the theory 
of evolution was bound up with ideas 
that would destroy both the Church and 
the governing class. 

The government's reaction was in
evitable. The book was examined by the 
Lord Chancellor, who pronounced it 
contrary to Scripture and refused it 
copyright. Meanwhile pamphlets, most
ly by anonymous Oxford dons, were de
nouncing the folly and wickedness of 
"Surgeon Lawrence." His name was 
linked to that of "Infidel Paine," that is, 
Thomas Paine. Lawrence, now 36 years 
of age, had to decide whether to aban
don his profession and to become a mar
tyr to science or to enjoy the lawful 
fruits of his profession and renounce his 
scientific opinions. He took the second 
course. He suppressed his book and 

made his career. Twice he became presi
dent of the Royal College of Surgeons. 
Later he was appointed Sergeant Sur
geon to Queen Victoria, from whom, 
after more than one offer, he accepted a 

baronetcy. 

So much for Lawrence. His book had 
a different career. One publisher 

after another took the risk of reprinting 
it illicitly. Nine editions had appeared in 
1848. Its fame or infamy was enormous. 
It continued to be extolled by radicals 
and denounced by tories. Everybody 
who wrote about evolution in England 
referred to it. Darwin, Huxley and Al
fred Russel Wallace all mentioned it, 
but not one of them noted its general 
significance. In their hasty glances at 
this disfavored book, they had found in 
it only what they wanted to find: facts 
but not theories. 

Nevertheless, through all these years, 
evolution was very much alive, even 
though Charles Darwin, working and 
waiting at Down, thought that it was 
dead. Young naturalists were eagerly 
studying Lawrence and Prichard as well 
as Erasmus Darwin. Among these were 
Patrick Mathew, whose priority was later 
acknowledged by Charles Darwin, and 
Edward Blyth, whose importance in de
veloping the idea of natural selection has 
only recently been fully revealed by 
Loren Eiseley of the University of Penn
sylvania. Poets like Browning and Ten
nyson were well aware of the growing 
theory, and they could phrase their ideas 
in such a way as to inform the educated 
reader without shocking a larger audi
ence. 

At almost the same time, on a more 
scientific level, Charles Naudin in Paris 

advanced the view that evolution had 
taken place by a process of natural se
lection analogous to what man had done 
in Improving his domesticated crops and 
stock. Naudin had a good reason for 
reaching this conclusion because he had 
for some years been engaged in experi
ments on the crossing of horticultural 
plants. These experiments had led him 
to the conclusion that first-generation 
crosses are uniform in character but ex
hibit the characteristics of both progeni
tors. The dissimilar "essences" derived 
from the parent strains disjoin in the 
second generation to give different germ 
cells and hence a wide range of types of 
plant. This was the same conclusion that 
Mendel reached independently at about 
the same time. Naudin's argument was 
less well reasoned than Mendel's and his 
experiments less well designed. His con
clusion, however, provided a more de
fensible explanation of the mutations 
that heredity supplied to the process of 
selection than Darwin was ever able to 
devise. It is therefore significant that 
Darwin dismissed Naudin and his ex
periments on heredity as unsound. 

Having thrown open the shutters in 
these forgotten attics, we can see in a 

clearer light the problem that Darwin 
faced in 1844 when he put aside his first 
essay on natural selection and proceeded 
to devote eight years to the description 
of barnacles. The idea of evolution, pop
ular as it was with the uneducated mass
es, was far from respectable in academic 
circles. It was contrary to the prevailing 
belief of naturalists, who liked to think 
that their species were fixed for all time. 
It was identified with the absurdities of 
Lamarck or with rubbishy works that 
adapted Lamarckism to the idea of Cre-
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ation and the phrases of pietv. \Vorse 
yet, it was associated with revolutionary 
propaganda such as that in Lawrence's 
book. In Darwin's own family the idea 
of evolution was associated with a grand
father whose 18th-century views and 
conduct were judged to be immoral. In 
his "Historical Sketch" Charles Darwin 
refers to the works of Erasmus Darwin 
as merely having "anticipated the er
roneous opinions of Lamarck. " Evident
ly, although he had been allowed to 
read them when he was young, he had 
been warned not to believe them. He 
never returned later to study them and 
to take them into proper account. 

Darwin's attitude toward his precur
sors now becomes clear. It also ex

plains to us something we otherwise 
have great difficulty in understanding: 
the secret of his success in converting the 
world to evolution. 
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No doubt Darwin was able to cut 
himself off so completely from his his
torical forerunners because he succeeded 
so well in separating science from his
tory in his own mind. The science of 
evolution was real; the history of the 
idea of evolution was unreal. The kind
est interpretation we can put on his atti
tude is that he was looking forward all 
of the time, wrapped up in his own ideas 
and his own inquiries. He could not 
spare the time to look back. Deep in his 
unconscious he must have known that 
the past contained the origins of his 
ideas and that his predecessors were not 
(Iuite so cheap as he made them out to 
be. But he wanted to think out his ideas 
for himself. 

This is the kindest interpretation. But 
we have to record that Samuel Butler 
advanced a less kind interpretation. He 
pointed out that the first edition of the 
OTigin of Species contained 45 refer-

ences to "my theory." But no one could 
l/uite tell what "my theory " might be. 
Was it the theory that evolution had 
taken place? Was it the theory of natu
ral selection? Or was it the shifting com
bination of selection and direction? The 
British geologist Charles Lyell and the 
German zoologist Ernst Haeckel made it 
l/uite clear that in their opinion justice 
had not been done to Lamarck by the 
man who was adopting his theory. Con
sel/uently (this is Butler's argument) 
Darwin gradually cut out the references 
to "my theory" in successive editions of 
the OTigin of Species. Gradually it be
came "the theory." But by that time the 
public all over the world had begun to 
think of it as Darwin's theory. 

Whatever the cause, the effect served 
Darwin splendidly. That he appeared to 
come suddenly out of nothing, without 
herald or harbinger, was one of the fac
tors that contributed prinCipally to his 

© 1959 SCIENTIFIC AMERICAN, INC



BISTOIRE NATURELLE LECTURES 
DES 

ANIMAUX SANS VERTEBRES, 
01( 

PHYSIOLOGY, ZOOLOGY, 

AWD Tsa 
US C.l.II.1.CTh.ES GJ!NI!II.1.U1 ET P.l.IITICULIEI\S DE CES 

&IUJI.I.U1, LEtlll DISTill BUT 1011, LEU liS CL.l.SSES, LEUI\S 
FAIlILLES, LEU1S GENIIES, ET LA CITATION DES 1'11111-
CIPALES ES PE CE S QUI S'Y IIAPPOIITENT; 

flatural Jli�tOt'!! of Mal1. 
,. .. iciDis 

DELIVERED AT 
D 'un hnOD1l'CTIOll off'rantlaDetermination de.s caract�res 

essentiels de l'Animal, aa distinction clu vegetal et de. 
autre, corps naturels, en1in, l'Exposition des Principes 
fondamentaux de la Zoologie. 

THE ROYAL COLLEGE OF SURGEONS, 

BY 

PAll. M. LE CHEVALIER DE LAMARCK, 
W. LAWRENCE, F.R.S. 

Membre de l'Ialtitlll Royal d. PraDc •• d. 1& LIgiOD d'RoDDear I 

el d. pbuiean SociC!� ...... ate. de l'Earope i ProC .... ar d. ZooloCie 
au lIasc!am d'Histoire aatareUe. 

ltAOPEItOR 0. 4HATOlfY AND SUROBRV TO Taa COLLaGa, 

tASJIST4NT IvaOBO:' TO IT. BARTUOLOMSW·' aOSPITAL, 'Vaeso!{ 
TO BRIDEWELL AND Brt'OLa. HOSPITA.U, 

AND 1'0 7M2 .LOND'ON nfP.a..UR¥ rOR DISEA.SI O. "8. ftl. 

TOME PREMIER. WITH TWELVE f:KGRA VIIIG&' 

PARIS, 
VE1lDlEllE, LIBRAIllE, QUAl DES AWUSTlNS, N.o". 

'II ... OW. "r:.UT_R UI •• O.I.'UI£&, AT t'R£ IVIlII"'S J4(A.O. CUT' •• 4OT1U'I'T, 
LaIO"T •• a4lH . .. V. 

l�t.'!. 

Mars. - 18rS. 

Darwin's ideas. Third from left is the title page of one of the vol· 

urnes in which the Chevalier de Lamarck advanced his concept of 

the inheritance of acquired characteristics. At right is the title 

page of Lawrence's book. Lawrence announced his ideas in 1813. 

success. The enemies of evolution liked 
to believe that Darwin represented a 

form of infidelity entirely novel in its 
folly and wickedness, one that no decent 
Christian could entertain or ever had 
entertained. On the other hand, the 
friends of evolution were delighted to 
discover that Darwin had put it on en
tirely new grounds, quite unlike those 
of Lamarck which they had found un
acceptable; natural selection now justi
fied a belief in evolution. 

It was not without reason, therefore, 
that Huxley and Wallace and Galton un· 
obtrusively failed to follow Darwin in 
his retreat from natural selection. Their 
dislike for Lamarckism was genuine and 
consistent. It carried them over to the 
day of their vindication. 

The challenge of Lamarckism was 
taken up at last just a year before Dar· 
W!l1 s death. The German zoologist 
August \"Ieismann asked the question: 

What is the evidence for the inheritance 
of acquired characteristics? He showed 
that there is indeed none but a collection 
of old wives' tales. Weismann did not 
know, of course, any more than Darwin 
knew, that Lawrence and Prichard had 
made the matter pretty clear 60 years 
earlier. Nor, indeed, did the Russian 
agriculturist Trofim Lysenko, a recent 
proponent of Lamarckism, realize that 
the question had been settled long ago. 

Another, and equally important, ex-
planation for Darwin's success as 

the propounder of evolution is to be 
found in his equivocation on the central 
issue of selection versus direction. The 
issue had long been recognized as car· 
dinal in any theory. Those who had 
taken either side unequivocally, whether 
that of Lamarck or of his opponents, had 
failed, though their failure was political. 
But Darwin confused the alternatives 

on all possible occasions. The confusion 
helped greatly in dealing with untrained 
opponents who did not notice the blur
ring of the issue. Darwin's success makes 
his choice in this dilemma seem delib· 
erate and disingenuous. But it was no 
doubt unconscious, like most of his more 
important reasonings. 

Thus in his 1858 publication he refers 
to "changes of external conditions," and 
once merely to "external conditions," as 
causing variation. But in 1859 these con· 
ditions, through the effects of use and 
disuse, were already directing variation, 
and cooperating with natural selection 
in directing it. The directive component 
in the theory grew stronger year by 
year. But his contemptuous references to 
the authors of the idea-Erasmus Darwin 
and Lamarck-were sealed off in the 
prefatory "Historical Sketch," away from 
the main line of discussion. 

A third ground for Darwin's success 
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The Natural History of Man, in which he modified some of his 

earlier ideas on evolution by means of natural selection. At right 

is the title page of the first edition of Darwin's Origin of Species. 

is to be found in a perfectly conscious 
and acknowledged stratagem. He avoid
ed man's origins and relations, the one 
problem that every one who read his 
book was thinking about. Mark the 
words he uses. In the OTigin of SpeCies 
he observed: "Much light will be thrown 
on the origin of man and his history." 
He was careful not to enlarge upon this 
statement until he published The De
scent of Man a decade later. This was a 
stroke of genius. It turned the flank of 
the Church party and made it possible 
to keep at least a part of the argument 
on a scientific plane. A year after the 
publication of the Origin of Species, as 
we know, Bishop Wilberforce brought 
the question down to his own intellectual 
level. When he asked Huxley at Oxford 
whether he was descended from an ape 
through his grandfather or his grand
mother, Wilberforce moved the conflict 
onto the ground that Darwin had earn-
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estly wished to avoid. But by this time 
it was already too late. The Church had 
lost its battle. 

In short, it is clear that Darwin's suc
cess was due to several common vices as 
well as to several uncommon virtues. His 
gifts as an observer in all fields con
cerned with the needs of a theory of 
evolution were extraordinary. His indus
try and patience in collecting and edit
ing his own observations as well as other 
people's were hardly less remarkable. On 
the other hand, his ideas were not, as he 
imagined, unusually original. He was 
able to put his ideas across not so much 
because of his scientific integrity, but 
because of his opportunism, his equivo
cation and his lack of historical sense. 
Though his admirers will not like to be
lieve it, he accomplished his revolution 
by personal weakness and strategic tal
ent more than by scientific virtue. 

We owe to the Origin of Species the 

overthrow of the myth of Creation, espe
cially the dramatic character of that 
overthrow. Yet the overthrow itself has 
led to the growth of a smaller myth with 
lesser danger of its own: the myth of 
Darwinism, which obscures what hap
pened. It is important for us to know as 
clearly as possible what happened, to 
understand its small deceptions and its 
larger paradoxes, to grasp how much of 
the struggle takes place within the mind 
of the discoverer. We must realize that 
a man who liberates the whole world 
may never quite succeed in liberating 
himself. 

These things show that scientific dis
covery is not purely a matter of science. 
It is not a purely intellectual process. 
This is a lesson that we shall need to 
bear in mind when Darwinian ideas
the ideas he foreshadowed but did not 
venture to develop-come to be applied 
to man and society. 
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__ Kodak reports on: 
60,000 i n c h e s  per second without a break . . .  h ow t o  prevent a p i l e  o f  fish 

from catc h i n g  fire . • •  electro n i c s  through joy 

Contest 

NEW: Kodak Linagraph 77 Paper. 
In one popular make of oscillo
graph (undoctored), it has record
ed without a break a line written 
on it by a spot of light moving at 
60,000 inches per second. 

ALSO NEW: Kodak Linagraph 
44 Paper, for any application of 
paper-eating oscillographs where 
extra blackness and contrast of the 
line are worth accepting one-fourth 
the speed of Linagraph 77 Paper. 

Queerly enough this field, the very ex
istence of which is probably unknown 
to 99 % of the population, is one in 
which corporate giants manfully smite 
each other hip and thigh with a vigor 
that even Detroit would enjoy. Now 
that we have rearmed ourselves with 
the two magnificent weapons named 
above, the mere innuendo that the foe 
can even approach us in generating 
customer satisfaction will cause our 
nostrils to flare. 

Technologically the problem re
duces to the spreading of a superior 
light-sensitive emulsion in a superior 
manner on a superior paper stock thin 
enough to take longer recordings be
tween reloadings and strong enough to 
stand stabilization processing. This 
widely used and rapid but rigorous 
machine method we had the honor 
to invent. 

Anyone practicing paper oscillography 
would be cheating himself not to seize the 
opportunity afforded him (as a judge in the 
contest) to improve the appearance, read
ability, and reliability of the records he 
turns out. Either the Kodak dealer who 
regularly serves him or Photo Recording 
Methods Division, Eastman Kodak Com
pany, Rochester 4, N. Y. , can furnish all 
pertinent details about Kodak Linagraph 
77 and 44 Papers. 

Defense from oxygen 
A can of sardines provides excellent 
protein for a field hand's lunch in the 
cotton country and a l ivelihood for a 
Maine man who would rather work on 
a herring seiner than a gas station.  The 
applecart, however, is tipping a little. 
The field hand's wife can now often 
afford to slip a chicken sandwich into 
the lunch pail. 

While the herring seiners go looking 
for gourmets to eat their catch, other 
fishermen are setting their seines for 
Brevoortia tyrannus, the fish the Pilgrim 
saw the Indian drop into the hole with 
the corn kernels,  the most abundant of 

Atlantic coast fishes, ignored by cook
books, the menhaden. To get it into 
the field hand's lunch pail, it is con
verted into chicken muscle tissue. 

This complex process requires cook
ing the menhaden at a temperature 
below 1 80°F (which will coagulate and 
separate the protein but not degrade 
it) ; then squeezing, drying, and grind
ing the stew, adding it to corn and 
other agricultural and mineral prod
ucts, and feeding the mixture to 
chickens.  The drying step is critical. If  
oxidation of the fish fat gets out  of  
hand, not only may the protein and 
vitamins be destroyed, but fire may 
break out. 

This we have set about to prevent.  
To assure ourselves of a good supply 
of photographic developer, we long 
ago set up to make phenolic reducing 
agents in large quantity. We made so 
much that we had to find other mar
kets.  The difference between a reducing 
agent and an antioxidant is  a mere 
technicality. One of our antioxidants , 
butylated hydroxy toluene, has long 
been accepted by competent and crit
ical authorities as safe even for direct 
human food, at the proper levels.  As 
Tenox BHT-Agricultural Grade, we 
are now selling it to the fish meal 
people. It saves them money. Their 40-
ton piles of fish scrap require less 
costly shifting to keep them cool . A 
week is reported to have been cut off 
the curing time. 

Even if you have no 40-ton piles of fish 
in the sun, Eastman Chemical Products, 
Inc.,  Kingsport, Tenn. (Subsidiary of East
man Kodak Company) would love to talk to 
you about deceleration of oxidation on the 
grand scale. Incidentally, the closely allied 
Gulf of Mexico menhaden, Brevoortia 
patronus, poses less of a self-heating 
problem. We wonder why. 

TV-rugged ond sophisticoted 
Loath to fight World War III in an ad 
(though this may not be a bad place to 
fight it, personal safety considered), 
we can only generalize from the con
cept that to place a living human eye 
at the payoff end of an intricate and 
talented optical device may be incon
venient and unwise. Where the en
vironment is too violent for the eye, 
we have developed a knack for sub
stituting a television camera. 

This calls for cameras more so
phisticated than those which read box
car numbers in remote corners of rail
road yards.  We take pickup tubes 
(drinking deep draughts of the knowl
edge of their manufacturers, just as 
they are welcome to milk us when it 

comes to photography) and festoon 
the tubes with electronic circuitry, op
tical elegance, and precision-mechani
cal musculature-all neatly woven to
gether. The whole we put in small 
packages . We can make the packages 
do their duty gracefully under 1 5  g's 
of shock and 145 db of acoustic energy 
in each octave to 20,000 cycles/sec for 
x minutes at 200°F or y hours at 
- 65°F after z months of storage at 
- 80°F. 

How did we happen to get electroni
cally involved? Well,  the biggest part 
of our business has always been ways 
and means of presenting an image to 
the eye. Electronics engineers we have 
in goodly numbers on such projects as 
machines that take a very quick look 
at a Kodacolor negative and instantly 
reach a complicated decision on how 
to vary some colored light beams to 

bring the greatest joy to the lady calling 
for her Kodacolor Prints.  With what 
such machines cost, they have to work 
when you turn them on. Like virtue, 
reliability becomes its own reward. 
This viewpoint our electronics engi
neers must quickly acquire. 

Another corps of Kodak electronics 
engineers bring to TV-systems de
velopment the experience of packaging 
radio transmitters and receivers to 
work inside artillery shells. This, too, 
we got into from catering to the pub
lic's photographic desires . The armed 
forces had figured that an outfit ca
pable of flooding the world with ac
curately timed photographic shutters 
could do as well with artillery fuzes. 
Later, when fuzes came to be operated 
by radio echoes instead of clockwork, 
what was more natural than that we 
make that kind ? 

If you have some business to discuss 
about rugged and sophisticated electronics, 
get in touch with Eastman Kodak Com
pany, Apparatus and Optical Division, 
Rochester 4, N. Y. 
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Narda SonBlasters ... 
for lowest-cost, mass-produced 
ultrasonic cleaners! 
The most complete line of ultrasonic cleaners 
at lowest prices in the industry, available off
the·shelf for immediate delivery. And with a full 
two-year warranty besides! 

No matter what you want to clean -"hot" lab 
apparatus, medical instruments, electronic com
ponents, automotive, missile and avionic parts 
a

,
nd

. 
assemblies. optical and technical glassware. 

timing mechanisms - Narda Son Blaster ultra
sonic cleaners will do the job faster, better and 
cheaper! Write for more details now and we'll 
include a free questionnaire to help determine 
the preCise model you need. Address: Dept. SA.32. 

Generator G·202, 35 watts, 
Transdueeriled Tank NT·202, 
Capacity, 3(. gallon. $220, 

Generator G·60l, 60 watts, Transdueeriled Tank NT.602 
Capacity, 1 gallon. $350: 

Transduceriled Tank NT·1505, Capacity, 5 gallons; 
Generator G·150l, 200 watts. $695. 

Transdueeriled Tank NT·500l, Capacity, 10 gallons; 
Generator G·5001, 500 watts. $1325. 

Transdueerized Tank 
NT·2500l, 
Capacity, 75 gallons, 
Generator G·2500l, 

2500 watts . $4360. 

Consult with Narda for all your ultrasonic 
requirements. The Son Blaster catalog line of 
ultrasonic cleaning equipment ranges from 35 
watts to 2.5 KW, and includes transducerized 
tanks as well as immersible transducers which 
can be adapted to any size or shape tank you 
may now be using. If ultrasonics can be applied 
to help improve your process, Na rda will recom
mend the finest, most dependable equipment 
available-and at the lowest price in the industry! 

fijJj- d ultrasonics 
the nar a corporation 

625 MAIN STREET, WESTBURY, L I., N. Y. 

3259 Wilshire Boulevard, Los Angeles 5, Calif. 
SubSidiary of The Narda Microwave Corp. 
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Radiation and Public Health 

Whether "to continue the assign
ment of primary authority over 
the public-health aspects of 

atomic energy in the same agency [the 
Atomic Energy Commission] that has a 
prime interest in the promotional aspects 
of the field " or to transfer that authority 
to "an independent agency . . .  with a 
special interest in public health, i.e., 
the U. S. Public Health Service ": this is 
a topic of debate that is assuming the 
dimensions of a major controversy in the 
Administration and in Congress. 

The issue was thus defined by a sci
entific advisory committee empaneled by 
the Surgeon GeneraL That group, under 
the chairmanship of Russell H. Morgan, 
radiologist of Johns Hopkins University, 
recommended that the transfer of au
thority be made immediately. Legisla
tion to this effect is before Congress, and 
provides a focal pOint for the series of 
major hearings scheduled early this 
month by the Joint Committee on Atom
ic Energy. Meanwhile the A. E. C., the 
National Academy of Sciences and the 
White House have opened or reopened 
parallel investigations of the scientific 
and administrative aspects of the public
health hazards of ionizing radiation. 

With international negotiations for 
the suspension of nuclear-weapons tests 
stalled in Geneva, the public has been 
disquieted by reports of intense local 
concentrations of fallout radiation in 
various parts of the U. S. The A.E. C. 
announced that the build-up of stronti
um 90 in the soil of the New York City 
area since 1954 now totals 53,3 10 mi
crocuries per square mile; that Rich-

SCIENCE AND 
mond, Calif., in a single two-week pe
riod in 1958, received 4,470 microcuries 
per square mile; and that Westwood, 
N.J. sustained the heaviest 12-month 
fallout of strontium 90 in 1958, totaling 
15,030 microcuries per square mile. 
From the Public Health Service came re
ports of new record levels of strontium-
90 concentration in milk, with highs of 
20. 1 units in Saint Louis and 32. 7 units 
in Mandan, N. D., compared to a maxi
mum permissible concentration of 80 
units. In Minneapolis it was revealed 
that the strontium-90 concentration in 
wheat, as measured by the A.E.G., ex
ceeded the maximum tolerable level by 
50 per cent. 

Charging that the Department of De
fense and the A. E.G. had been "gagging 
the Joint Committee on making public 
important data on fallout from weapons 
tests," Senator Clinton P. Anderson, 
chairman of the Committee, released an 
exchange of letters with those two agen
cies which indicates that radioactive 
debris falls out of the stratosphere at a 
much higher rate than previously esti
mated by the A. E. C. According to Her
bert B. Loper, atomic-energy assistant to 
the Secretary of Defense, the calculated 
"residence half-life " of strontium 90 and 
other fission products in the stratosphere 
must be reduced to two years. Willard F. 
Libby, retiring commissioner of the 
A.E.G. agreed that his earlier estimates 
of seven years should be reduced, per
haps to four years. On the basis of these 
calculations the A. E. C. predicted that 
the fallout will double or triple, reach
ing a peak by 1970, if no further tests 
are made. The Deparhnent of Defense 
studies also showed that, in consequence 
of the briefer residence half-life, the 
atomic debris is not as thoroughly dis
persed in the upper atmosphere as pre
viously assumed, and that in both the 
Northern and Southern hemispheres 
"there is a latitude band of maximum 
drip-out " between 35 and 50 degrees 
north and south of the Equator. In the 
U. S. "the concentration of strontium 90 
on the surface of the earth [is] greater 
than in any other area of the world. " 

According to Libby, the Northern 
Hemisphere fallout will be considerably 
amplified during the next 12 months as 
the result of Soviet weapons tests in the 
Arctic last October. This test series, ap
parently involving very "dirty" explo-
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THE CITIZENI 
sives, has increased the amount of radia
tion debris in the stratosphere by 50 per 
cent. '-\lith fallout proceeding at an even 
higher rate from these high-latitude ex
plosions, U. S. Naval Research Labora
tory observers have reported a 300-per
cent increase in the concentration of 
radioactivity in the air at points along 
the eastern U. S. seaboard. 

In defense of the A.E.C. stewardship 
of public health in its area of technolo
gy, A.E.C. Chairman John A. McCone 
released figures showing that the A.E.C. 
has been spending $60 million on bio
medical research during the current fis
cal year, that it employs "the eyuivalent 
of 800 scientists ... in this work " and 
maintains 100 stations in 37 different 
countries to monitor fallout. "However," 
he declared, "we have no desire to pre
empt this area of activity." 

The principal hazard from ionizing 
radiation, according to the Morgan com
mittee's report to the Surgeon General, 
has arisen "from X-ray machines em
ployed by the health professions." In the 
future "the rapid anticipated growth of 
devices and products which produce 
ionizing radiation urgently points to the 
nation's need for a comprehensive pro
gram governing the public-health as
pects of this radiation. " Arguing that 
"controls may be best exercised where 
the authority responsible for control is 
not far removed from the group or 
groups being protected," the commit
tee's report urged that enforcement 
functions of the radiation control pro
gram be assumed by state and local as 
well as federal agencies, under the 
over-all responsibility of the Public 
Health Service. As a precedent for this 
assignment of responsibility, the com
mittee observed that "the record of 
public-health authorities in the field of 
sanitation is difficult to surpass." 

Project Argus 

I t was described as "the greatest scien-
tific experiment ever conducted." 

Certainly it was one of the most ambi
tious: it required a far-flung array of 
advanced devices and the coordinated 
effort of thousands of men. But the re
sults of the experiment were not yet an
nounced. 

Actually it was not one experiment 
but three. On August 27 of last year a 

Transistor reliability improved 
with Stokes High Vacuum Ovens 
Stokes High Vacuum Ovens are featured in an entirely new method 

of baking and processing transistors at the Semiconductor Division, 

Raytheon Manufacturing Co. at Newton, Mass. Chosen because 

they met the rigid requirements set by Raytheon engineers, these 

ovens assure improved transistor quality and uniformity, more 

stable electrical parameters and increased production. 

Operating continuously 24 hours a day, the twelve Stokes ovens 

consistently maintain the conditions demanded by Raytheon's 

closely controlled drying technique. Yet only one operator per shift 

is required to attend six ovens. 

If high vacuum is an impor

tant aspect of your present or 

planned process, Stokes' long 

experience in vacuum tech

niques, and in designing and 

manufacturing high vacuum 

equipment, can be of valuable 

aid. Your inquiry is invited. 

The Stokes Model 236 Vacuum Baking 
Oven includes fully automatic i."stru
mentation. 

Vacuum Equipment Division 

F. J. STOKES CORPORATION 

5500 Tabor Road, Philadelphia 20, Pa. 
STOKES 
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small nuclear bomb was exploded 300 
miles above the South Atlantic off the 
tip of South America. The performance 
was repeated on August 30 and Septem
ber 6. The bombs were carried aloft 
from the U.S.S. Norton Sound by three
stage rockets. 

As each bomb exploded in the near
vacuum at 300 miles, it shot out a blast 
of (among other radiations) high-energy 
electrons. Unimpeded by the denser 
gases of the atmosphere below, the elec
trons flashed on helical orbits along the 
arching lines of force in the earth's mag
netic field. Some of the electrons fol
lowed the lines of force back into the 
denser atmosphere, where, it was said, 
they caused one aurora south of the 
Norton SOllnd and another 8,000 miles 
away in the North Atlantic. Other elec
trons reversed their direction before 
they came so low and oscillated back 
and forth between the Northern and 
Southern hemispheres. Over a period of 
time these "trapped" electrons drifted 
eastward, girdling the earth with a layer 
of man-made particles. 

The Argus electron layer was analo
gous to the two recently discovered natu
ral belts of charged particles which en
circle the earth [see "Radiation Belts 
around the Earth," by James A. Van 
Allen; SCIENTIFIC AMERICAN, March]. 
Indeed, one of the most important scien
tific results of the Argus experiments 
seems to relate to the origin of the natu
ral belts. One of the main questions 
about the natural belts is: Where do 
their particles come from? The outer 
natural belt, which is most intense at an 
altitude of some 10,000 miles, consists 
predominantly of relatively low-energy 
particles; a recent study of records from 
the U. S. solar rocket Pioneer IV leaves 
little doubt that the particles in this belt 
come from the sun. The inner natural 
belt, which is most intense at an altitude 
of about 2,000 miles, contains a higher 
proportion of high-energy particles; 
where the particles in this belt originate 
is not clear. 

Two possible origins have been ad
vanced. One, espoused by Thomas Gold 
of the Harvard College Observatory, is 
that particles are somehow transferred 
to the inner belt from the outer one. The 
other, favored by Nicholas C. Christo
filos of the University of California, is 
that the particles in the inner belt origi
nate with high-energy cosmic rays. Ac
cording to this idea, when cosmic-ray 
particles disrupt the nuclei of atoms in 
the earth's atmosphere, some of the neu
trons that result from these collisions 
splash upward and decay radioactive
ly into a belt of protons and electrons. At 
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a press conference in Washington, Chris
tofilos, who had originally proposed 
the Argus experiment, suggested that the 
experiment had lent credence to the 
cosmic-ray hypothesis. He said that the 
Argus electron belt had been about 100 
miles deep, that it had maintained its 
depth within 10 or 20 miles for several 
weeks and that this stability argued 
against the flow of particles from the 
outer belt. 

Donald A. Quarles, Deputy Secretary 
of Defense, indicated that at least some 
of the scientific results of Argus would 
be released. Indeed, the U. S. is com
mitted to an agreement under which all 
information gathered by International 
Geophysical Year satellites must be pub
lished by September. And much valu
able information about the Argus experi· 
ment was obtained by the satellite Ex
plorer IV. 

Quarles also said that the Argus ex
periment had produced information of 
interest to the national defense. There 
was much speculation as to what effects 
might be useful in this connection. On 
August 1 and August 12 of last year two 
large nuclear bombs had been set off 
between 50 and 100 miles above Johns
ton Island in the Pacific; these explo
sions had apparently interfered with 
radio communication on some wave
lengths (and incidentally had caused an 
aurora 2,000 miles to the south) . Could 
artificially created curtains. of particles 
at higher altitudes interfere with radio 
and radar, and could the curtains some
how be used to set off or "poison" rocket
borne nuclear bombs? The consensus of 
informed comment was that such cur
tains would have no real military signifi
cance. 

The Perfect Curve 

N0 sports fan doubts that a golf ball 
or a tennis ball can curve laterally in 

flight. Some, however, question whether 
the same is true of a thrown baseball, or 
at least whether a thrown baseball curves 
as much as baseball players and sports 
writers commonly claim. To such skep
tics a baseball seems too heavy, and its 
flight too slow, to account for such an 
effect. Now some persuasive experimen
tal evidence indicates that the skeptics 
are wrong. 

After a series of experiments, Lyman 
J. Briggs, Director Emeritus of the Na· 
tional Bureau of Standards, concludes 
that it is within the capacity of a pitcher 
to make a baseball curve as much as 
17.5 inches in the 60 feet between the 
pitcher's mound and home plate. This 
"perfect curve" travels about 100 feet 

... the calculator rprogrammed"for scientists 

and engineers who want to concentrate on the 

problem instead of the machine. 

Fast, accurate calculations are simple 
with the Deci· Magic automatic cal
culator because there are no compli
cated set-ups, no confusing controls. 

To set decimals, you simply touch 
one key to set them all-in the prob
lem and in the answer. Then you just 
"write" the problem in the keyboard 
as you would on paper. Deci· Magic 
does the rest, and delivers your answer 
with the decimal point in the right 
place - all automatically. With a 
Deci· Magic calculator, anyone on 
your staff can get correct answers 
quickly ... gaining more time for cre
ative productivity. 

T his remarkable ease of operation 
is illustrated in "Marchant Methods 

for Science and Engineering," a bro
chure that shows how simply and 
swiftly the Deci· Magic delivers the 
answers to 21 actual problems, using 
mathematical formulas frequently en
countered in science and engineering. 

For an actual demonstration of the 
Deci· Magic on your own types of cal

c u l a t i o n s, j u s t  
call your nearby 
Marchant office. 

For a free copy 
o f  "M a r c h a n t  
Methods for Sci
ence and Engi
n e e r i n g," s e n d  
coupon below. 

less time working out problems, more time using 
the answers ... because Deci· Magic gives you 
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MOMENT IN HISTORY 
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THIS IS THE "FIRST FLIGHT" 

of the new AiT FOTce TITAN, 

AmeTiccb's most powe1:ful weapon and 

OtW No.1 challenge1' in the big·missile 

field. T'ime: 2/6/59-4:22 p.m. EST. 

The most important thing abottt 

this moment in histoTy is not 

visible here-and it -is this: 

Th1'ee years to the 

day from the breaking of g1'ound 

at MaTtin·Denver, TITAN No.1 roared 

into the sky. Those 36 months 

saw the cTeation of the fTee wOTld's 

most advanced ballistic missile 

facility-and the development, 

p1'Oduction, testing, delivery and 

launching of the first of an entirely 

new generation of ballistic 

missile weapon systems, forerunner 

of the Global Ballistic Missile. 

TITAN is the 

result of an advanced engineering 

concept-developed by Martin under 

the direction of the Air F01'ce's 

Ballistic Missile Division 

of the Air Research and Development 

Command-which provides the 

most extensive pre-fligli,t testing of 

components, subassemblies and full 

scale missiles ever undertaken. 

This method in 

the TITAN development, 

and in the generations of space 

systems to follow, may well 

be one of the most important single 

factors in speeding AmM'ica's 

bid fOI' space supremacy. 
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Martin-Denver 

iB one of the 

Beven diviBionB 

oj The Martin Company 

BALTIMORe-DeNVeR-ORLANDO 

per second and spins around a vertical 
axis at 1,800 revolutions per minute. 

Briggs attributes the curve of a base
ball to the Magnus effect, named for a 
19th-century German engineer who 
sought to explain the curve of cannon 
balls. According to Magnus, a spinning 
ball Hying through the air is surrounded 
by a vortex of air. On one side of the 
ball the air in the vortex moves in the 
same direction as the air through which 
the ball is traveling; on the other side 
of the ball the air in the vortex moves 
in the opposite direction. Thus the air 
pressure on the first side is lowered, and 
the pressure on the second side is in
creased. This differential in pressure 
makes the ball curve in the direction of 
spin. 

To measure the effect it is necessar\' 
to know the speed of the ball and the 
speed of spin. The speed of a thrown 
baseball is indicated by a well-known 
measurement of a pitch thrown by Bob 
Feller of the Cleveland Indians: 144 
feet per second, Presumably any com
petent pitcher can throw a baseball at 
100 feet per second, To determine the 
spin of a putatively curving baseball 
Briggs enlisted the aid of Pedro Ramos 
and Camilo Pascual of the Washington 
Senators. He attached one end of a Hat 
tape to the ball as the pitchers threw 
curves; by counting the number of twists 
in the tape he determined that the ball 
spun 7 to 16 times on its way to the 
plate. Assuming that the balls were 
traveling at 100 feet per second, this 
corresponds to a spin of between 700 
and 1,600 r.p,m. 

Briggs conducted other investigations 
in the laboratory, At first he tried to re
late speed, spin and curve by photo
graphing from above a baseball that was 
spun on a rubber tee and then projected 
forward by a wooden projectile fired 
from a gun. This attempt was abandoned 
because the spin of the ball could not be 
measured in flight. He then turned to a 
wind tunnel. When he dropped a ball 
spinning at known speed into a horizon
tal stream of air moving at known speed, 
he was able to determine how much the 
ball was deHected at right angles to its 
axis of spin, In this way he found that 
the maximum deflection, equivalent to 
17.5 inches in 60 feet, occurred when 
the air was moving at 100 feet per sec
ond and the ball was spinning at 1,800 
r.p.m. 

Briggs's experiments left unanswered 
one question that troubles the devotee 
of, baseball physics. Can a baseball be 
made to "break," that is, to curve more 
sharply at the end of its trajectory than 
at the beginning? If someone can dem-
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Tub,xp"iene, in actian � 
Specials are Superior's Specialty 
Superior is equipped to supply the un
usual-its facilities and experience ena ble 
it to produce tubing in many analyses 
and shapes for such diversified appli
cations as waveguides for solid-state 
masers or bushings for high-temperature 
spark plug terminals. Typical of the 
products incorporating Superior tubing 
are those shown here. 

Flexible waveguides of beryllium copper 
are used to conduct microwaves along de
sired path in radar systems. Customer 
selected Superior tubing because it met 
grain size and temper specifications, it was 
fabricated to the close tolerances required, 
had the ability to withstand repeated 
flexures when hardened, could be convo
luted in the annealed state, and could be 
precipitation hardened after forming. 

Cable bushings in silicone spark plug 
terminals that are not adversely affected by 
heat or electrolysis, yet are both machin
able and workable. Type 304 stainless steel 
tubing, as supplied by Superior, was selec
ted. This resulted in a completely reliable 
terminal that stands up under elevated 
temperature application without corrod
ing. Machinability and workability were 
achieved by drawing the tubing to a 
special IA hard temper. 

Solid-State masers. Power is coupled in 
and out of the cavities by stainless steel 
coaxial lines or waveguides. The Superior 
tubing, fabricated into close tolerance 
rectangular waveguides, helped minimize 
the problem of heat transfer in units using 
liquid helium. 

Superior has long been one of the out
standing suppliers of tubing for unusual 
applications. And only Superior can 
offer more than 120 analyses, in a range 
of ID, OD and wall thicknesses, and 
thus meet almost every requirement for 
small tubing-in standard forms or in a 
wide variety of shapes. The analyses 
available and the characteristics of each, 
with production sizes and recommended 
applications, are given in Bulletin 41. 
Write for your copy today. Superior 
Tube Company, 2052 Germantown 
Ave., Norristown, Pa. 

S���n;� 
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The big name in small tubing 
NORRISTOWN, PA. 

All analyses .010 in. to % in. OD-certain analyses infight walls up to 2Y2 in. OD 
West Coast: Pacific Tube Comoanv. California . FIRST STEEL TUBE Mill IN THE WEST 

onstrate that it does not, then at last 
those who are skeptical of curve-ball 
folklore will have their innings. 

Geologic Punctuation Mark 

'fhe discovery of an immense bed of 
volcanic ash that may help define the 

time·scale of recent geologic history in 
many parts of the world has been an
nounced by workers at Columbia Uni
versity's Lamont Geological Observato
ry. Last fall echo-recordings made from 
the oceanographic research vessel Vema, 
cruising from Panama to Peru, showed 
a curious double signal. Cylindrical sam
ples, or cores, raised from the bottom 
showed that the second echo came from 
a "false bottom" of white, glassy ash 
underlying the top sediment. As far as 
has been determined, the ash layer va
ries from two inches to a foot in thick
ness, extends from 750 miles north of 
the Equator to 825 miles south and 
stretches as far as 300 miles from east 
to west. The finding is reported in the 
March issue of Proceedings of the Na
tional Academy of Sciences by J. Lamar 
Worzel, who was aboard Vema. Its sig
nificance is analyzed in a companion ar
ticle by Maurice Ewing, Bruce C. Hee
zen and David B. Ericson. 

The ash layer in the Pacific, they 
write, may correspond to similar false
bottom soundings made in the South 
Atlantic and in the Indian Ocean. The 
ashes would have spread widely if they 
were ever ejected high into the air, for 
they consist mainly of curved, Ruted or 
crumpled RIms of glass that would have 
drifted with the wind and settled slowly. 
If indeed they are distributed through
out the world, they would serve as a 
unique marker of some historic cata
clysm. 

There is little doubt that the ashes 
were deposited in fairly recent geologic 
time, for the sediment overlying them 
represents the accumulation of no more 
than 100,000 years. As to the origin of 
the ash, the authors can only speculate. 
It probably did not come from the most 
obvious source, the Andes, because most 
of the Andean volcanoes were extinct 
long before the ash was deposited. But 
the ash may have come from one gigan
tic volcanic explosion, the simultaneous 
explosion of several volcanoes, or con
ceivably from an astronomical catastro
phe that rained debris upon the earth. 

Calling Venus 

The first two-way radio contact with 
another planet has been made by 

workers of the Massachusetts Institute of 
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AT RAYTHEON 

Scientific imagination focuses 
on MISSILE GUIDANCE 

The guidance system in an anti-aircraft missile continuously 
senses missile-to-target geometry and translates it into 
corrective maneuvers until interception. In most missiles 
the sensing element is radar. 

Radar, however, is limited in that it normally cannot differentiate 
between low-altitude targets and the ground's reflection of 
radar energy. Now a unique radar conceived by Raytheon 
scientists overcomes this problem by discriminating between 
moving and stationary objects. As applied in the Army Hawk 
and Navy Sparrow III missiles-both of which are Raytheon 
prime contracts-this radar system makes possible the 
interception of aircraft literally at tree-top height. 

Advanced missile guidance is one of the fields in which 
Raytheon scientists and engineers, typified by such men as 
Mike W. Fossier, Chief Engineer of the Bedford Laboratory, 
Missile Systems Division, are contributing to basic knowledge. 

RAYTHEON MANUFACTURING COMPANY, Waltham, Mass. 
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Explore new areas 
at IBM in 

The IBM solid state program ranges from basic research to 
product development. In order to develop new laminar 

materials for overlaying solids, IBM is studying the be
havior of molecules adhering to a surface in an ordered array. 
Other projects involve a new ferrite core which will function 

normally at 500°C. and a one-million bit magnetic memory 
drum weighing only five pounds. Assignments are now 
available in such related areas as circuit design, cryogenics, 

inertial guidance, logic, magnetics, optics, radar, semi
conductors, and transistors. 

A career with IBM offers excellent advancement opportuni
ties and rewards. You will enjoy professional freedom. 
Comprehensive education programs are available as well as 

the assistance of specialists of diverse disciplines. Working 

independently or with a small team, your contributions are 
quickly recognized. This is a unique opportunity for a career 

with a company that has an outstanding growth record. 

Qualifications: B.S., M.S., or Ph.D. in E.E., M .E., Physics, 
Mathematics, or Physical Chemistry-and proven ability to 
assume a high degree of technical responsibility in your 

sphere of interest. 

For details, write, outlining background and interests, to: 

Mr. R. E. Rodgers, Dept. 659E 
IBM Corporation 

590 Madison Avenue 

New York 22, N. Y. 

INTERNATIONAL BUSINESS MACHINES CORPORATION 

Technology's Lincoln Laboratory, who 
bounced radar signals off Venus. The ex
periment took place a year ago last Feb
ruary, two weeks after Venus had ap
proached to within 28 million miles of 
the earth. So indistinct were the return 
signals that it took a year to unscramble 
a record of them with the aid of a high
speed computer. Yet the signals have 
vielded measurements of interplanetary 
distances more than 100 times as accu
rate as those made by conventional as
tronomical methods. The project was 
headed by Robert Price and Paul E. 
Green, Jr. 

Realizing that the return signals 
would be extremelv faint and would be 
obscured bv "noise, " the Lincoln' work· 
ers put the outgOing signals in the form 
of a coded message. For about 4)� min
utes thev transmitted a distinctive pat
tern of pulses. Then, before the first of 
the pulses had completed its round trip, 
they switched from transmitting to re
ceiving. Everything they received they 
recorded on magnetic tape. Next came 
the task of winnowing from the noise the 
pulse pattern of the original signal. 

On the basis that the radio signals 
traversed interplanetary space at the 
speed of light, the Lincoln group has 
calculated the distance between Venus 
and Earth with a probable error of only 
100 miles. Astronomers using light
gathering telescopes must settle for a 
probable error of 50,000 miles, because 
the accuracv of their observation de
pends on the length of the terrestrial 
base line bv which they triangulate, and 
the length of the base line cannot be 
measured as precisely as the time of a 

radio echo. Relative distances estab
lished bv conventional astronomical 
methods, however, are far more accu
rate. Thus the radio observation can be 
used to refine other interplanetary meas
urements. Preliminary calculations based 
on the Lincoln data indicate that dis
tances in the solar system may be .0013 
per cent shorter than heretofore sup
posed. 

Oriented Com 

rrhe orientation of a corn plant's leaves 
is determined by the way the seed IS 

put into the ground. Agricultural inves
tigators have now taken advantage of 
this fact to develop a better way of 
growing corn. They insert each seed 
kernel pOint-down with its flat sides 
parallel to the row of plants. As the corn 
grows, the first pair of leaves emerges 
at right angles to the row, and each sub
sequent pair is turned slightly counter-
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MAXWELL GAVE US THE EQUATIONS ... 

to give you 100g shock resistant relays. James Clerk Maxwell set out the sign-posts in 1873 

when he published his brilliant treatise on magnetism. Following his trail, our engineers recently 

developed entirely new micro-miniature relays. These relays employ permanent magnets; withstand 

100g shock, 30g vibration to 2000 cps. Reliable performance in extreme environments has put them in 

most missile programs. 

An ability to synthesize basic engineering knowledge and bold design concepts characterizes P&B 
engineers. These men, working daily in the highly specialized field of relays and their applications, 

can lend valuable assistance on your projects. Write or call Zeke R. Smith, Vice President, Engineering, 

or your nearest P&B sales engineer. 

SC (conventional) and SL (latching) 

relays are only .890" high, .795" wide. 

They are manufactured under our 

Intensified Control and Reliability 

program to highest quality standards. 

Q ��!!�� S!:D'!��R��e���!?DR! �!:v� 
IN CANADA: POTTER & BRUMFIELD CANADA. LTD .. GUELPH. ONTARIO 
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A LARGE CAPAC1TY 
VACION PUMP ON THE LEFT. 
A 5 LITER/SECOND 
MODEL IN HAND. 

The new Varian VAc/ON* Pump 

uses an entirely unique design 

to achieve ultra high vacuums 

easily and at low operating cost. 

With no hot filaments, no moving parts, 

no fluids and no refrigerants 

the Vaclon Pumps 

are totally free from contamination sources 

or any possibility of catastrophic interruption. 

Pumping speeds from 1 liter per second 

to 1000s of liters per second 

can be furnished. 

Hundreds are already in use. 

May we send you our literature 

fully explaining these advantages? 

KLYSTRONS, TRAVELING WAVE TUBES, BACKWARD WAVE OSCILLATORS. HIGH VACUUM EQUIPMENT. LINEAR ACCELERATORS. MICROWAVE SYSTEM COMPONENTS. 

NMR & EPR SPECTROMETERS. MAGNETS, MAGNETOMETERS, STALOS. POWER AMPLIFIERS, GRAPHIC RECORDERS, RESEARCH AND DEVELOPMENT SERVICES 
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I clockwise with respect to the pair below. 
A.s a result of the regular pattern, the 
leaves more effectively shade the ground 
and thus reduce evaporation of soil 
moisture. 

Oriented planting increased yield per 
acre by as much as 22 per cent in tests 
conducted by D. B. Peters and J. T. 
Woolley of the U. S. Agricultural Re
search Service in cooperation with the 
Illinois Agricultural Experiment Station. 
In addition, fewer weeds grew in the 
evenly shaded soil. 

The agricultural workers believe that 
oriented planting can be made practical 
for large-scale farming. Commercial 
planting machines could be adapted to 
position the kernels properly. Or the 
kernels might be attached to a tape, 
which could then be buried in long 
strips. 

Peters and Woolley plan to follow up 
their research by planting oriented corn 
in rows parallel to or at right angles to 
prevailing winds to see whether thev 
can increase yields still further. Thev 
reported their work in the U. S. Depart
ment of Agriculture journal Agricultural 
Research. 

The Sick Hospital 

The sterilization of hospital interiors 
with a new series of germicides 

promises to reduce the number of hos
pital-ac(luired bacterial infections. The 
more serious of these infections are 
caused by organisms that have become 
resistant to antibiotics. Because the hos
pital itself is the breeding ground for 
these bacteria, Perry B. Hudson of the 
Columbia College of Physicians and 
Surgeons, the developer of the germi
cides, believes that to prevent infections 
physicians should treat the hospital, not 
the patient. 

He explains why in Medical Annals 
of the District of Columbia. Widespread 
antibiotic therapy has produced resist· 
ant strains of bacteria almost as fast 
as research can produce new drugs to 
kill them. Hospital outbreaks of rashes, 
abscesses, blood poisoning and pneu
monia caused by these bacteria have 
again focused medical attention on the 
importance of aseptic and antiseptic 
techniques in hospitals [see "The 
Staphylococcus Problem," by Stuart 
Mudd; SCIENTIFIC AMERICAN, January J. 

Because most hospital antiseptics are 

effective germ-killers for only a short 

time, their ability to control bacteria is 

sharply limited. With this in mind, Hud

son and his co-workers substituted a 

group of long-lasting, broad-spectrum 
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A rocket engine capable of more than 50,000 Ibs. of static thrust, developed and built 
by Reaction Motors Division of Thiokol Chemical Corporation, will soon send the fabulous 
X·15 searing into outer space. To protect the engine from its own fierce blast, key metal 
surfaces are coo ted with ROKIDE "Z" coating. 

... but ROKIDE* Coating 
will protect the X-75's 

engine during critical 
burning time 

As the manned X-15 bores into the sky 
for 100 miles or more in its forthcoming 
tests, rocket-powered flight will last only 
for about a minute and a half. However, 
protecting the engine from the tremendous 
heat and erosive force of its propellants for 
even that brief span posed a major design 
problem. Engineers solved it by coating 
critical metal surfaces with ROKIDE HZ" 
zirconium oxide - one of today's most 

'rugged refractory materials. 

This is typical of the new and challeng
ing requirements which all three types of 
hard, crystalline ROKIDE spray coatings 
(HA", HZS" and HZ") are meeting in the 
ever-expanding air and space programs. 
These outstanding members of Norton 
Company's large family of refractory ma
terials, as well as other experimental coat
ings such as chrome oxide, spinel, etc., are 
providing protection against high heat and 
abrasion, corrosion and severe thermal 
shock in supersonic aircraft, missiles and 
rockets. 

Norton Company maintains ROKIDE 
coating facilities on both coasts: at the 
main plant in Worcester, Mass., and at its 
plant in Santa Clara, California. For de
tails, write NORTON COMPANY, Refractories 
Division, 544 New Bond St., Worcester 6. 
Massachusetts. 

°Trade·Mark Rrg. u. S. Pat. Off. and Foreign Countries 

(NORTON. 
REFRACTORIES 

Engineered . . .  � . . .  Prescribed 

Making better products . . .  to make your products better 
NORTON PROOUCTS Abrasives • Grinding Wheels • Grinding Machines • Relractories • Electrochemicals - BEHR·MANNING DIVISION Coated Abrasive, • Sharpening Stanes • Pressure·Sensitive Tapes 
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Automatic connecting rod assembly machine manufactured by Gilman Engineer' 
ing. Stations on machine must index accurately and rapidly and be completely 
free of bounce, vibration and inertial deflection. High speed photography pro
vides the only effective means of assuring that the machine is indexing accurately_ 

liThe Versatility 
and Trouble-Free 

Performance of FAlftfl 
make it my choicell 

"As a consulting research engineer 
specializing in problems applicable 
to high speed photography, I have 
used dffi"erent makes of high speed 
cameras, but FASTAX remains our un
qualified preference. Whether the 
application involves the study of tur
bulent pulp flow on a block-long 
paper machine or the flow of ink 
from a ball-point pen, FASTAX pro
duces maximum over-all quality 
from a minimum of photographic skill. I frequently travel a 
thousand miles or more to investigate a problem-then return 
home to develop the films and view the results. Obviously, ver
satility and trouble-free performance are vital factors in our 
choice of a camera. FASTAX has never let us down ! " 

W I L L IAM G. HYZER 
Janesv i l le,  Wisconsin 
nationa l l y  recog nized 

auth ority on h i g h  
speed photography 

WRITE for Bulletin FA-16 
for more detail information. 

WF- 1 7  FAST AX 
Combi ned motion 
picture and 
osci l l ograph i c  
camera 

W 'O L L E  N S A K  
Optical Company • Rochester 21 ,  N. Y. 

AclNowledged 
EXlj E LLENlj E 

BASED ON R ESEARCH 

LEAKPROOF 
CHROME PROTECTED 

SEALED-In-STEEL 
GUARANTEEDI 

�- . � . ����� ./iti P R O O F  
P O R TA B L E  -

L I G HTS 

B U R G E S S  BATT E RY C O M PA N Y  
DIVISION O f  SERVEl. INC.  

FREEPORT. ILL.  • NIAGARA FALLS. CANADA 

I 
A i�IA TEUR 
TELESCOPE 
MA KING 

Edited by Albert G. Inga l l s  

Book One 
497 pages, 300 illustrations 

$5 .00 postpaid. $5.35 foreign 

Book Two 
650 pages, 361  illustrations 

$6.00 postpaid. $6.35 foreign 

Book Three 
644 pages, 320  illustrations 

$7.00 postpaid. $7.35 foreign 

Send postcard 
for descriptive circular 

SCIENTIFIC 
AMERICAN 

4 1 5  Madison Avenue, New York 1 7 ,  N .  Y. 

( Re8idents 01 New York CUJI please add 3 % .ale. ta� ) 

germicides for the disinfectants generally 
used in hospital housekeeping. The new 
germicides contained such compounds 
as bis ( n-tributyl ) tin oxide, dialkyl di
methyl ammonium chloride and silver 
nitrate. In a five-week trial at Colum
bia's Francis Delafield Hospital the new 
germicides were sprayed on walls, mixed 
with floor wax, bound into air filters and 
added to laundry and mop water. M at
tresses were sprayed, then covered with 
germiCide-impregnated plastic bags; 
food trays, book carts, bedside tables and 
patients' personal belongings were simi
larly treated. 

After five weeks of such treatment, the 
bacteria count in test areas dropped 
more than 82 per cent, while the' count 
in control areas remained almost con
stant. The germicides killed even the 
hardiest resistant bacteria, including the 
notorious coagulase-positive, penicillin
resistant Staphylococcus attreus Type 
80/8 I .  

The germicides proved to b e  practical 
in everyday hospital use. They are rela
tively inexpensive and apparently pro
duce no toxic reactions in humans. The 
possibility that after a time some bacte
ria might develop a resistance to the 
germicides remains to be tested. 

Gold-Plated Reactor 

The feasibility of combining reactor 
fuel, coolant and moderator in a sin

gle homogeneous solution is now being 
tested in the second Los Alamos Power 
Reactor Experiment ( LAPRE II ) .  The 
corrosive solution of enriched uranium 
phosphate in phosphoric acid and water 
caused the shutdown of LAPRE I in 
1957; now Los Alamos designers feel 
they have solved the corrosion problem 
by lining the reactor vessel and heat ex
changer with gold. 

Gold innards are not the only unusual 
feature of LAPRE II; another is the re
actor's circulatory system, which relies 
on convection currents instead of the 
usual pumps to transport hot fuel solu
tion to a heat exchanger. 

The heat output of the reactor is al
most self.regulating because the fuel 
solution expands at high temperatures, 
forcing the reacting uranium atoms far
ther apart and thus reducing their re
activity. Conversely, when cold water in 
the heat-exchanger coils withdraws heat 
from the reactor, the fuel solution con
tracts slightly, bringing the uranium 
atoms closer together. This increases the 
reactivity and hence the temperature of 
the solution until it reaches a new equi
librium. 
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T E X A S  I N S T R U M E N T S  S E M I C O N D U C T O R R E P O R T 
N U M B E R  

T H R E E  

TI-designed, completely automaiic transistor evaluator, FAST, 
tests up  to 12 parameters, classifies as  many as 5 transistor 
types with i n  each of 3 fa mi l ies, and is  capable of pun�h ing test 
results onto 8- hole paper tape . . .  at rates up to 1900 per hour. 

Increased reliability, greater uniformity and lower unit 
costs accrue to users of TI transistors through entirely 
automatic testing by FAST, the most sophisticated semi
conductor test apparatus in industry usage today. Built at 
TI, this F acility for A utomatic S orting and T e sting 
tests and classifies production transistors at rates UR to 
1900 per hour . . .  completely eliminating human error . 

. O n l y  a d v a n ce d  f ac i l i t i es  can  prod u c e  a dva n ced co m po n ents. 

FAST automatically tests for parameters and classifications ' 
of each transistor, encodes results on a mechanical binary 
memory built into the corresponding test block, and checks 
the calibration of all test circuits after every test. Upon 
completion of tests, the machine sorts transistors into appro
priate bins. By means of the block memory, FAST is also 
capable of punching results onto 8-hole paper tape for in
process control. 

Continuous improvements in production technology at TI 
p rovide engineers the world over with precise reliable 
devices of practical economy, and make possible new areas 
of semiconductor application. 

Write Dept. 1 196 on you r  company letterhead for com p rehensive summa ry of a l l  TI sem iconductor products 
. 

T H E  W O R LD'S LARG EST S E M I CO N D U CTOR PLANT 

TEXAS 4r.'INSTRUM ENTS 
I N C O R P O R A T E D  

® SEMICO N D U CTOR.COMPONENTS DIVISION 
DALLAS. TEXAS 
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NYLON, "DACRON"*, "ORLON"*, "TEFLON"* and "SU PER COR DURA'" 

How Du Pont Fibers 
Help Solve the Problems 

of Modern Industry 
• Fibers are n o  longer limited t o  the age-old vegetable, animal 
or mineral strands woven to bring out the best in a limited 

range of properties .  In every use shown at right - and in dozens 
of others - Du Pont man-made fibers are doing jobs impossible 
for natural fibers . The reason : Du Pont's family of man-made 
fibers have been tailored to meet a wide range of performance 

requirements . For example, nylon provides great strength and 
toughness.  "Dacron" polyester fiber combines acid resistance 

with high strength and low stretch. "Orlon" acrylic fiber offers 

excellent weather resistance. "Super Cordura" high tenacity 
rayon gives highest strength per dollar. "Teflon" TFE-fluorocar
bon fiber has such a low coefficient of friction it's used as a bear
ing material. 

The versatility of these fibers is almost endless.  They can be 
knitted, woven, felted, braided, twisted, or made into paper. 

And they can be combined with other materials - such as 

elastomers and resins - to improve strength, flex life, abrasion 
or acid resistance. Du Pont has the experience to help you 
apply these fibers to new applications.  Let us help you with 
your next materials problem. 

D U  P O N T  F I B E R S  F O R  I N D U S T RY 

C® PDtID 
AEG. U. S . PAT.OFr. 

BETTER  T H I N G S  FOR BETTER L IV I N G  
• . .  THROUGH C H E M I S TRY 

* Registered Du Pont trademarks 
l- - - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

E. 1. du Pont de Nemours & Co. ( Inc. ) 
Textile Fiber, Department 
5518-A Nemours Building, vVilmington 98, Delaware 

Please send me more infonnation on industrial applications of Du Pont 

fibers . I am interested in evaluating these materials for : _____ _ 

Name ____________________________________________ ___ 

Address ___________________________________________ _ 

City & State _______________________________________ _ 

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

8 2  

F U N  F O R  T H E  FAMILY and the elimination o f  a stor
age problem are sure to make this inflatable nmabout 
popular. The seven-tube construction of this unsinkable 
boat is made possible by neoprene-coated nylon fabric. 
This lightweight, strong material brings the boat's 
weight down to 40 pounds. Nylon fiber is not weakened 
by salt water, gasoline, lubricants. It is resilient . . .  can 
take shock. Portable boat has nylon lifeline and case. 
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SOLAR HOUSE uses the sun's energy to meet all heating require
ments. Water circulating through copper tubes is heated by the sun. 
The tubes are installed within tilting louvers controlled by an astro
nomical clock. Batts of "Dacron" polyester fiber prevent loss of heat 

PAPER TRAMPO LINE dramatizes great strength of the new synthetic
fiber papers. Tear strength is about 10 times as great as for a good 
kraft paper and is actually of the same order of magnitude as woven 
fabrics. Fold endurance ranges as high as 75 times that of cellulosic 
papers. The new papers made of nylon, "Dacron" or "Orlon" fibers 
resist heat, chemicals, weathering, moisture-are dimensionally stable. 
Potential uses for these new papers are so broad that they are being 
classed as entirely new engineering materials. We welcome your inquiry. 

from the tubes during cold weather, and in summer the batts protect 
the house against external heat. "Dacron" fiber has excellent resist
ance to high temperatures and oxidation. This tough fiber is light in 
weight . . .  isn't weakened by rot or mildew under moist conditions. 

SUPER·STRENGTH CARGO N ETS are made of Hat nylon webbing. 
The nylon net occupies one-quarter of stowage space of manila nets 
of similar capacity. Unlike manila, these nets can be stowed safely 

while wet and can easily be handled by one man. Lightweight nylon 

libers provide tensile strength comparable to that ·of steel and excel

lent elastic recovery after shock loads. They resist abrasion, too. 

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

8 3  
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EXPERIMENTS IN COLOR VISION 
The eye has recently been found to be an instrument of wonderful 

and unsuspected versatility. It can perceive full color In Images 

which, according to classical theories, should be rnonochronlatic 

F rom childhood onward we enjoy 
the richness of color in the world 
around us, fascinated by the ques

tions: "How do we see color? How do 
you know you see the same color I do? 
Why do colors sometimes mix to give 
quite different colors?" Since 1660, 
when Isaac Newton discovered the 
properties of the visible spectrum, we 
have slowly been learning the answers; 
and we are finding that the beauty of the 
outer world is fully matched by the tech
nical beauty of the mechanisms whereby 
the eye sees color. 

No student of color vision can fail to 
be awed by the sensitive discernment 
with which the eye responds to the vari
ety of stimuli it receives. Recently my 
colleagues and I have learned that this 
mechanism is far more wonderful than 
had been thought. The eye makes dis
tinctions of amazing subtlety. It does not 
need nearly so much information as ac
tually flows to it from the everyday 
world. It can build colored worlds of its 
own out of informative materials that 
have always been supposed to be inher
ently drab and colorless. 

Perhaps the best way to begin the 
story is to consider two sets of experi
ments. The first is the great original 
work of Newton, which set the stage for 
virtually all research in color vision since 
that time. The second is an apparently 
trivial modification that reverses some of 
his basic conclusions. 

As is so often the case with truly I'evo
lutionary insights, the simplicity of 
Newton's discovery causes one to won
der why no one before him had made it. 
He passed a narrow beam of sunlight 
through a prism and found that it fanned 
out into the band of colors we know as 
the visible spectrum: red, orange, yel
low, green, blue, indigo and violet. 
vVhen he reversed the process, gathering 
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by Edwin H. Land 

the beam together with a second prism, 
the colors vanished and white light re
appeared. Next he tried recombining 
only parts of the spectrum, inserting a 
slotted board to cut off all but certain 
selected bands [see diagram on page 88]. When he combined two such bands 
of color, letting the rays mix on a screen, 
a third color appeared, generally one 
matching a color lying between the 
bands in the spectrum. 

Let us repeat this last experiment, 
placing the openings in the board just 
inside the ends of the narrow yellow 
band in the spectrum. When these two 
yellow beams strike the screen, they 
combine, as Newton observed, to pro
duce yellow. 

Now for our modification. In front 
of the slits we place a pair of black
and-white photographic transparencies. 
Each shows the same scene: a collection 
of variously colored objects. There is, of 
course, no color in the photographs. 
There are simply lighter and darker 
areas, formed by black silver grains on 
transparent celluloid. A glance at the 
two shows that they are not absolutely 
identical. Some of the objects in the 
scene are represented by areas which are 
lighter in the first photograph than in the 
second. Others are darker in the first and 
lighter in the second. But all that either 
photograph can do is to pass more or less 
of the light falling on its different re
gions. 

The yellow beams pass through these 
transparencies and fall on the screen. 
But now they are not yellow! Somehow, 
when they are combined in an image, 
they are no longer restricted to pro
ducing their spectral color. On the 
screen we see a group of objects whose 
colors, though pale and unsaturated, are 
distinctly red, gray, yellow, orange, 
green, blue, black, brown and white [see 

bottom photograph on page 86J. In this 
experiment we are forced to the aston
ishing conclusion that the rays are not in 
themselves color-making. Rather they 
are bearers of information that the eye 
uses to assign appropriate colors to var
ious objects in an image .. 

The Old Theory 

This conclusion is diametrically op
posed to the main line of development 
of color theory, which £lows from New
ton's experiments. He and his successors, 
notably Thomas Young, James Clerk 
Maxwell and Hermann von Helmholtz, 
were fascinated by the problem of sim
ple colors and the sensations that could 
be produced by compounding them. 
Newton himself developed quite good 
rules for predicting the colors that would 
be seen when various spectral rays were 
mixed to form a spot of light on a screen. 
These rules can be summarized in geo
metrical diagrams, one of the oldest of 
which is the color triangle [see diagram 
at top of page 96]. On modern versions 
of it we can read off the result of com-

COLORED OBJECTS in the top picture on 

the opposite page were photographed with 

the special dual camera which appears at 

left. Here the two ground-glass screens of 

the camera are left uncovered to show that 

one image is photographed through a green 

filter and the other through a red filter. 

The images are photographed on ordinary 

black-and-white film; then black-and-white 

positive transparencies are made from 

the negatives. In the bottom photograph 

the "red" transparency is projected through 

a red filter and the "green" without a 

filter. When the two images are super

imposed on the screen at right, they repro

duce the objects in a full range of color. 
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bining so many parts of color A with so 
many of color B. 

Once it was discovered that light is a 
wave motion, the classical investigations 
of color acquired a deeply satisfying 
logical basis. The order of colors in the 
spectrum follows wavelength, the long
est visible wavelength falling at the red 
end of the spectrum and the shortest at 
the violet end. A pure color would be a 
single wavelength ; compound colors 
would be mixtures of pure colors. 

In trying to match colors by mixing 
spectral stimuli Maxwell and Helmholtz 
found that three different wavelengths 
were enough to effect all matches, and 
that those wavelengths had to be chosen 
from the red, green and blue bands of 
the spectrum. Accordingly red, green 
and blue came to be called the primary 
colors. On the basis of this evidence thev 
proposed a three-color theory of color 
vision. We need not go into the details 
here. The central idea is that the eye 
responds to three different kinds of vi
bration, and that all color sensation is the 
result of stimulating the three responses 
in varying degrees of strength. Thus it 
has become an article of faith in stand
ard theory that the color seen at any 
point in a field of view depends on what 
wavelengths are issuing from that point 
and upon their relative strengths or in
tensities. 

Now, as we have seen in Our modifi
cation of Newton's experiment, the light 
at any paint on the screen was composed 
of only two "yellow" wavelengths, yet 
the image was fully colored. And, as we 
shall see later, the colors in images will 
be remarkably stable even when the 
over-all relative strengths or intensities 
of the two wavelengths are varied. 

Natural Images 

Is something "wrong" with classical 
theory? This long line of great investi
gators cannot have been mistaken. The 
answer is that their work had very little 

COLORS SEEN when long and short rec

ords are illuminated by closely spaced nar

row bands of wavelengths are reproduced 

in these "Flexichrome" photographs. The 

illuminating wavelengths are indicated by 

a!TOWS on the spectrum under each photo

graph. These images could not be photo

graphed directly; the response of color film 

to the limited range of wavelengths used 

here is  very different from that of the 

eye. SCIENTIFIC AMERICAN has artificially re

produced the colors seen by the eye by 

adjusting the color in a Flexichrome print. 

j 
I 

LONG AND SHORT RECORDS are provided by transparencies of these black-and-white 

photogmphs made through a red filter (top) and a green filter (bottom). In projection the 

long record (top) i s  illuminated by the longer of two wavelengths or bands of wavelengths, 

and the short record is  illuminated by the shorter wavelength or band of wavelengths. 

to do with color as we normally see it. 
They dealt with spots of light, and par
ticularly with pairs of spots, trying to 
match one to another. The conclusions 
they reached were then tacitly assumed 
to apply to all of color sensation. This 
assumption runs very deep, and has per
meated all our teaching, except for that 
of a few investigators like E. Hering, C. 
Hess and the contemporary workers 
Dorothea Jameson and Leo M. Hurvich 
(who have studied the effect produced 
on a colored spot by a colored surround) . 

The study of color vision under nat
ural conditions in complete images (as 
opposed to spots in surrounds) is thus 
an unexplored territory. We have been 
working in this territory-the natural
image situation, as we call it-for the 
past five years. In the rest of this article 
I shall describe some of the surprises we 
have encountered. 

To form the image in our modification 
of Newton's experiment we needed two 
sets of elements: a pair of different pho-

tographs of the same scene, and a pair 
of different wavelengths for illuminating 
them. It is possible to make the pictures 
different by tinkering in the laboratory, 
arbitrarily varying the darkness of their 
different areas. But, as every photogra
pher will have recognized at this point, 
a simple way to produce the two pictures 
is to make "color separations", that is, to 
photograph the scene through two filters 
that pass different bands of wavelengths. 
In this way the film is systematically ex
posed to longer wavelengths coming 
from the scene in one case, and to short
er wavelengths in the other. In our in
vestigations we usually use a red filter 
for the longer wavelengths and a green 
filter for the shorter. 

Now when we illuminate the trans
parencies with practically any pair of 
wavelengths and superimpose the im
ages, we obtain a colored image. If we 
send the longer of the two through the 
long-wave photograph and the shorter 
through the short-wave photograph, we 
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obtain most or all of the colors in the 
original scene and in their proper places. 
If we reverse the process, the colors re
verse, reds showing up as blue-greens 
;JJ.ld so on. 

Long Wavelengths v. Short 

It appears, therefore, that colors in 
images arise not from the choice of 
wavelength but from the interplay of 
longer and shorter wavelengths over the 
entire scene. Let us now test this pre
liminary hypothesis by some further ex
periments. 

There are several more convenient 
ways to combine images than in the ar
rangement of Newton's experiment. One 
of the simplest is to place the transpar
encies in two ordinary projectors, using 
filters to determine the illuminating 
wavelengths. The color photographs on 
the cover and at the bottom of page 85 
show images formed in this way. 

\Vhen we work with filters, we are not 
using single wavelengths, but rather 
bands of wavelengths; the bands have 
more or less width depending on the 
characteristics of each filter. It turns out 

that the width of the band makes little 
difference. The only requirement IS that 
the long-wavelength photograph, or, as 
we call it, the "long record," should be 
illuminated by the longer band and the 
"short record" by the shorter band. In
deed, one of the bands may be as wide 
as the entire visible spectrum. In other 
words, it may be white light. The pho
tograph on the cover, and the lower pho
tograph on page 85, show the result of 
using a red filter for the long record and 
no filter (that is, white light) for the 
short record. 

One advantage of this arrangement is 
that an observer can test the truth of 
our hypothesis in a simple and dramatic 
way. According to classical theory the 
combination of red and white can result 
in nothing but pink. With no photograph 
in either projector, and with a red filter 
held in front of one of them, the screen 
is indeed pink. Now the transparencies 
are dropped into place and the view 
changes instantly to one of full, vivid 
color. If the red filter is taken away, the 
color disappears and we see a black-and
white picture. When the filter is put 
back, the colors spring forth again. 

An incidental advantage in using red 
for the long record and white for the 
short lies in the fact that the colors pro
duced look about the same to color film 
as they do to the eye. Thus the image 
can be photographed directly. With 
more restricted bands of wavelengths 
the film, which does not have the new
found versatility of the eye, cannot re
spond as the eye does, and reproductions 
must be prepared artificially [see photo
graphs on page 86]. 

The projectors afford a simple way of 
testing another variable: brightness. By 
placing polarizing filters in front of the 
projector's lenses we can vary the 
amount of light reaching the screen from 
each source. With no transparencies in 
the projector, but with the red filter still 
over one lens, the screen displays a full 
range of pinks, from red to white, as the 
strengths of the two beams are changed. 
""hen the photographs are in place, the 
colors of the image on the screen hold 
fast over a very considerable range of 
relative intensities. 

Let us pause for a moment to consider 
. 
the implications of this last demonstra
tion. Remember that the photographs 

NEWTON'S EXPERIMENT in m.xmg spectral colors is shown 

schematically at top ; the author's modification of the experiment, 

in which a pair of black-and-white transparencies is in serted in 

the beams, i s  diagrammed at bottom. When slits a and b are both in 

the yellow band of the spectrum, Newton's arrangement produces a 

spot of yellow on the screen. The image at bottom contains a gamut 

of color. The letters I and s in this diagram and others in this arti

cle refer, respectively, to the long record and the short record. 
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are nothing but pieces of celluloid treat
ed to pass more light in some places than 
in others. All they can do to the red and 
white beams is to change relative inten
sities from point to point. In doing so 
they stimulate a complete gamut of col
or. Yet when we vary the relative inten
sities of the beams over the whole field 
of view, the colors stay constant. Evi
dently, even though the eye needs dif
ferent brightness ratios, distributed over 
various parts of the image, to perceive 
color, the ratios that the eye is interested 
in are not simple arithmetic ones. Some
how they involve the entire field of view. 
Just how thev involve it we shall see a 
little later. 

The dual-projector system is conven
ient, but it is not a precision instrument. 
The wavelengths it can provide are 
limited by the characteristics of avail
able filters. Narrow band-width filters 
may be used, but they seriously restrict 
the quantity of light. My colleague 
David Grey has therefore designed for 
me a dual image-illuminating mono
chromator I'see illustration on page 941. 
This instrument contains a pair of spec
troscopes which allow us to light our 
transparencies with bands as narrow as 
we choose and of precisely known wave
length. By blocking off the spectroscopes 
and using filters, we can also obtain 
white light or broad bands. The two 
images are combined by means of a 
small, semitransparent mirror; light 
from one record passes through the mir
ror, and light from the other is reflected 
from its top surface. The intensity of 
each light source can be closely con
trolled. 

With the dual monochromator we 
have confirmed our broad hypothesis: 
Color in natural images depends on a 
varying balance between longer and 
shorter wavelengths over the visual field. 
We have also been able to mark out the 
limits within which color vision operates. 
It turns out that there must be a certain 
minimum separation between the long
record wavelength and the short. This 
minimum is different for different parts 
of the spectrum. Any pair of wave
lengths that are far enough apart (and 
the minimum distance is astonishingly 
small) will produce grays and white, as 
well as a gamut of colors extending well 
beyond that expected claSSically from 
the stimulating wavelengths. Many com
binations of wavelengths produce the 
full gamut of spectral colors, plus the 
nonspectral color sensations such as 
brown and purple. All this information 
has been summarized in a color map 
showing the limitations on the sensations 
produced by different pairs of wave-
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COLOR MAP shows limits on color obtainable with different pairs of wavelengths. The gray 

area is an achromatic region in which wavelengths are too close together to produce any 

kind of color.  In the region marked "short-wave reversal" the colors are normal, but the 

short wavelengths act as the stimulus for the long record and the long wavelengths a s  the 

stimulus for the short record. The blank area below the diagonal is  a "egion of  reversed 

color obtained by illuminating the short record with long wavelengths and vice versa. 
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PIGMENTS IN OUR WORLD have broad reflection characteristics. Each p igment reflects 

some energy from wavelengths across the visible spectrum (400 to 700 millimicrons). 
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PIGMENTS IN AN IMAGINARY WORLD, whose available light is limited to a band of 

wavelengths extending only from about 570 millimicrons to 590 millimicrons, would have 

to be much more sharply selective. Upper curves show reflection curves of pigments which 

would give full color in such a world. Lower curves represent the same curves stretched out 

so that the 570·590 band covers the same width as the 400·700 band of the visible spectrum. 
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lengths [see illustration at bottom of pre
ceding pagel. We have also investigated 
the limits on relative brightness. With 
some pairs the colors are maintained 
over enormous ranges of brightness ; 
with others they begin to break down 
with smaller changes. Again, the result 
depends on the wavelengths we are 
using. A table showing the stability of 
various colors for a sample pair of wave
lengths appears on page 99. 

A New Coordinate System 

The color map tells us what we will 
not see when we combine a pair of im
ages at various wavelengths. Can we 
now make a positive prediction? Given a 
pair of records of the same scene, and 
a pair of wave bands with which to il
luminate them, what color will appear 
at each specific point on the combined 
image? In other words, we want a set 
of rules that will do for images what the 
color triangle does for color-matching 
experiments (and what most of us have 
mistakenly supposed it does for images 
as well). 

We have formed a new coordinate 
system that does for the first time predict 
the colors that will be seen in natural 
images. Perhaps the best way to ap
proach it is through an aotual experi
ment. Let us set up the dual projector 
(or the monochromator) for any pair of 
"long" and "short" bands, say red and 
white, that can produce full color. We 
know that local variations in the rela
tive brightness of the two records must 
somehow give rise to the color. Yet we 
have also found that changing all the 
brightness ratios in a systematic way, for 
example by cutting down the total light 
from the red projector, has no effect. 
Therefore we look for a way of describ
ing the brightness in terms that are in
dependent of the total light available in 
either image. 

This can be done as follows: We turn 
on the "long" projector alone, setting its 
brightness at any level. Now we find the 
spot on the red image corresponding to 
the paint at which the long black-and
white record lets through the most light. 
We measure the intensity at that point 
and call it 100 per cent. It tells us the 
maximum available energy for the long 
waves. Next we measure the intensity of 
the light all over the rest of the red im
age, marking down for each point the 
red intensity as a per cent of the maxi
mum available. Then we turn off the 
"long" projector, turn on the "short" one 
and follow the same procedure for the 
short wavelengths (in this case the full 
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LONG AND SHORT RECORDS are prepared by photographing a 

scene with the dual camera diagrammed at top. Small open rectan

gles represent colored fi iters; the filter in front of  the long record 

is red and the one in front of the short record is green. A composite 

image is formed by superimposin g  long and short records (labeled 
I and s) on a screen by means of a dual projector (bottom). 

spectral band). Now we draw up a two
dimensional graph [top of page 89], 
plotting the percentage of available long 
wavelengths on one axis and the per
centage of available short wavelengths 
on the other. Every point on the image 
can be located somewhere on this graph. 
Each time we plot a pOint, we note next 
to it the color it had on the image. 

What emerges is a map of points, each 
associated with a color. vVhen it is fin
ished, we can see that the map is divided 
into two sections by the 45-degree line 
running from lower left to upper right. 
This is the line of gray points. If we had 
put the same transparency in each pro
jector, all the points would fall on the 
gray line, since the percentage of avail-

able light would be the same at every 
point on the image for both projectors. 
The other colors arrange themselves in 
a systematic way about the 45-degree 
line. \Varm colors are above it; cool col
ors are below. Thus it seems that the im
portant visual scale is not the Newtonian 
spectrum. For all its beauty the spec
trum is simply the accidental conse
quence of arranging stimuli in order of 
wavelength. The significant scale for 
images runs from warm colors through 
neutral colors to cool colors. 

Repeating our experiment with differ
ent illuminating wavelengths or bands, 
we find that for every pair that produces 
full color the position of the colors on 
the coordinate graph remains the same. 

Thus we have the rule we were looking 
for, a rule that tells us in advance what 
color we shall find at any point in an 
image. We can take any pair of trans
parencies and measure their percentage 
of transmission in various regions of the 
picture. Then, before projecting them, 
we can predict the colors these areas 
will have. We will be right provided 
that the illuminating wavelengths are 
capable of stimulating all the colors. In 
cases where they are not, we must 
change the coordinate map accordingly. 
Thus the full set of rules consists of a 
group of coordinate color plots, one for 
each section of the colol" map at the bot
tom of page 89. 

Note that each coordinate system is 

91 

© 1959 SCIENTIFIC AMERICAN, INC



;::: 
z 
w 

U 

"" 

w 

!:O; 

w 

U 
Z 
� 
f--

� 
if) 
z 
<{ 

.1 

10 

:= 100 

;::: 
z 
w 

U 

"" 

w 

a... 

.1 

U 10 
Z 
� 
f--

� 
if) 
Z 
<{ 

:= 100 

;::: 
Z 
Ll.J 

U 

U 10 
Z 

� 
f--

� 
if) 
Z 
<{ 

:= 100 

>
f--
u; 
Z 
UJ 

a 

>
f--
u; 

2 

Z 
00 

>
f--
u; 
Z 
UJ 

a 

200 

WAVELENGTH (MILLIMICRONS) 

300 400 500 600 700 
WAVELENGTH (MILLIMICRONS) 

WAVELENGTH (MILLIMICRONS) 

WAVELENGTHS PASSED BY FILTERS used in various experiments described by the 

author are shown in these curves. At top is the transmittance curve for the red filter used 

in photographing long record; below it is transmittance curve of green filter for preparing 

short record. At bottom is curve for the green filter used in the sodium·viewer experiment. 
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itself dimensionless. The axes do not 
measure wavelength, brightness or any 
other physical unit. They express a ratio 
of intensities at a single wavelength or 
for a broad band of wavelengths. The 
axes have another interesting property: 
they are stretchable. Suppose we super
impose two identical long-wavelength 
photographs in the slide holder of the 
"long" projector and leave a single short
wavelength photograph in the holder of 
the "short" projector. We find that this 
combination still does not alter the col
ors on the screen. What sort of change 
have we made? Every point in the long 
record that transmi tted 112 of the avail
able light now transmits 114, pOints that 
transmitted 115 now transmit 1/25 and 
so on. On the logarithmic scale of our 
graph this corresponds to stretching the 
long-record axis to twice its former 
length. The 45-degree line now shifts to 
a new direction, but all the color points 
shift with it, maintaining their relative 
positions [see diagram on opposite 
pagel. 

Randomness 

Our studies of the coordinate graph 
have uncovered another interesting and 
subtle relationship. As we plotted graphs 
for various experiments we began to sus
pect that any arrangement which yield
ed points falling on a straight line, or 
even on a simple smooth curve, would 
be colorless. To test this idea we tried 
putting a negative photograph in one 
projector and a positive of that negative 
in the other. Such a pair of images will 
plot as a straight line running at right 
angles to the 45-degree gray line. The 
image is indeed virtually colorless, show
ing only the two "colors" of the stimuli 
involved in projection and a trace of 
their Newtonian mixture. 

If an image is to be fully colored, its 
coordinate graph must contain points 
distributed two-dimensionally over a 
considerable area. But even this is not 
enough. The points must fall on the 
graph in a somewhat random manner, 
as they do in the plot of any natural 
scene. This requirement can be demon
strated in a very striking experiment. 
Suppose we put a "wedge" filter in the 
slide holder of the red projector. The 
effect of the filter is to change the in
tensity of the beam continuously from 
left to right. That is, when the red pro
jector is on and the white projector off, 
the left side of the screen is red and the 
right side is dark, with gradations in be
tween. Now we place a similar wedge, 
but vertically, in the white projector so 
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that the top of the screen is white and 
the bottom is dark. With both projectors 
turned on we now have an infinite va
riety of red-to-white ratios on the 
screen, duplicating all those that could 
possibly occur in a colored image. How
ever, they are arranged in a strictly or
dered progression. There is no random
ness. And on the screen there is no color 
-only a graded pink wash. 

To repeat, then, the colors in a nat
ural image are determined by the rel
ative balance of long and short wave
lengths over the entire scene, assuming 
that the relationship changes in a some
what random way from point to point. 
Within broad limits, the actual values 
of the wavelengths make no difference, 
nor does the over-all available bright
ness of each. 

The independence of wavelength and 
color suggests that the eye is an amaz-
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ingly versatile instrument. Not only is it 
adapted to see color in the world of light 
in which it has actually evolved, but also 
it can respond with a full range of sensa
tion in much more limited worlds. A dra
matic proof of this is provided by all
other series of experiments. 

Color Worlds 

In these we use a pair of viewing 
boxes that superimpose fairly large 
images by means of semitransparent 
mirrors [see diagram at bottom of page 99]. Each box contains tungsten lamps, 
which produce white light, to j\Juminate 
one record and a sodium lamp to illu
minate the other. We turn on one view
er, inserting the long and short trans
parencies and placing a red filter over 
the tungsten lamp. The composite image 
is fully colored, containing greens and 

blues, although the shortest wavelength 
coming from the mirror lies in the yellow 
part of the spectrum. Now we turn on 
the second viewer, inserting a green fil
ter over the white light-source. Again 
the image contains a gamut of color, in
cluding red. The observer can see the 
images in both viewers at once-each 
showing the same range of color, but 
representing different visual worlds. In 
the first the sodium light (with a wave
length of 589 millimicrons) serves as the 
shortest available wavelength and helps 
to stimulate the green and blue. In the 
second it is the longest wavelength and 
stimulates red. If the observer stands 
back far enough from the viewer, he can 
also see the "natural" colors in the room 
around him. Here then is a third world 
in which yellow is "really" yellow. 

Another way to use the green filter in 
the second sodium viewer is to hold it 
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(PER CENT) 

PROPERTIES OF COORDINATE SYSTEM are illustrated in 

these diagrams. At left al'e the graphs of experimental situations 

which do not produce a gamut of  color in the image. Such situa-

tions appear to graph as straight lines. At right the axes are shown 

to be stretchable. When gray line dividing warm and cool colors 

is displaced, colors move but maintain their relative positions. 
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up to the eye instead of placing it in 
front of the tungsten lamps. This filter 
passes both the sodium wavelength and 
the green band [see bottom graph on 
page 92]. When he looks around the 
room, the observer sees red objects as 
black and the rest of the colors as 
washed-out green. But when he looks at 
the picture in the second viewing box, he 
sees it quite full of color, including red. 

The color worlds of the viewers are 
produced by pictures. Could we make 
physical models of these worlds, popu
lating them with real objects which 
would show the same colors as the 
images in the viewers under the same 
conditions of illumination? We could if 
only we had the proper pigments. The 
pigments in the world around us are the 
best we have been able to find that look 
c:olored in our lighting: a spectrum of 
visible wavelengths from 400 to 700 

GRATING 

millimicrons. Each of these pigments re
flects a broad band of wavelengths, and 
its peak is not sharp [see diagram at top 
of page 901. 

Thus our coloring materials do not 
distinguish clearly between wavelengths 
that are fairly close together. If we could 
find pigments with much narrower re
sponse curves, we would suspect that 
these might provide full color in a more 
restricted world of light-a world, for 
example, lighted by the wavelengths 
that pass through the green filter. In the 
absence of such caloring materials, we 
might content ourselves with creating 
this world photographically, if we could 
show that this is possible. A moment's 
study of the diagrams on page 90 will 
show the exciting fact that a two-color 
separation photograph in a world of any 
band-width is the same as a two-color 
photograph in a world of any other band-

BRIGHTNESS 
CONTROL 

width-including our own, provided that 
we postulate that a correctly propor
tioned change in the absorption bands 
of the pigments goes along with a 
change in the band-width of the world. 
Therefore we can use our regular long 
and short pictures, taken through the 
red and green filters, to transport our
selves into new worlds with their new 
and appropriately narrow pigments. 

The Visual Mechanism 

The sodium-viewer demonstration 
suggests an important consideration that 
we have not previously mentioned, al
though it is implicit in what has already 
been said. If the eye perceives color by 
comparing longer and shorter wave
lengths, it must establish a balance point 
or fulcrum somewhere in between, so 
that all wavelengths on one side of it 
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D UAL MONOCHROMATOR used in experiments described in 

this article i s  diagrammed. Very narrow bands of wavelengths 

from any part of  the visible spectrum are produced by the two 

gratings. White flags can be inserted to give white light. Narrow 

rectangles marked I and s represent the black-and-white transparen· 

cies tbat serve as the long record and the short record respectively. 
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Constant contact with space vehicles requires extremely sensitive 

radio tracking stations-sensitive enough to reach out half a million 

miles and beyond. 

Collins Radio Company, working with the National Aeronautics 

and Space Administration's Jet Propulsion Laboratory, supplied 

the complete down-range Puerto Rican tracking station and most 

of the equipment for the Goldstone Lake tracking facility used to 

maintain successful contact with the National Aeronautics and 

Space Administration's first Lunar Probe. Collins also participated 

with JPL in providing one of the SphereDop tracking stations which 

EAR TO 
SPACE 

kept tab on Pioneer IV. The Goldstone tracking station tracked 
Pioneer IV for 83 hours out to a distance of 407,000 miles. 

For more than a decade, Collins scientists and engineers have been 
exploring radio problems associated with the upper reaches of the 
atmosphere and space beyond. The company has maintained an 
active radio astronomy observatory since 1946, and was the first 
in continuously tracking the moon and sun through the development 
of highly precise receiving equipment. 

Collins Radio Company rapidly is expanding its research in space 
studies, including space navigation, radiowave propagation, payload 
instrumentation and electronic systems for space vehicles. 

Collins Radio Company 
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RED PURPLE  VIOLET 

COLOR TRIANGLE of classical theory is  

shown in an early schematic form. Points 

of  intersection of lines represent colors ob· 

tained by mixing spectral wavelengths in 

"mounts proportional to distances from 

sides of  triangle. Central point is equal mix· 

t ure of primaries and is therefore white. 

are taken as long and all on the other 
side as short. From the evidence of the 
viewer we can see that the fulclum must 
shift, making sodium light long in one 
case and short in the other. 

vVhere is the fulcrum in the ordinary, 
sunlit world? Experiments on a large 
number of subjects indicate that it is at 
a wavelength of 588 millimicrons. When 
we use this wavelength in one part of 
the dual monochromator and white light 
in the other, the image is nearly color
less. With a wavelength shorter than 
.588 millimicrons, white serves as the 
longer stimulus in producing color; with 
a wavelength longer than 588 millimi
crons, white becomes the short record. 

400 
V IOL E T  

450 
B L U E  

From the dual-image experiments we 
learn that what the eye needs to see col
or is information about the long and 
short wavelengths in the scene it is view
ing. It makes little difference on what 
particular bands the messages come in. 
The situation is somewhat similar to that 
in broadcasting: The same information 
can be conveyed by any of a number of 
different stations, using different carrier 
frequencies. But a radio must be tuned 
to the right frequency. Our eyes are al
ways ready to receive at any frequency 
in the visible spectrum. And they have 
the miraculous ability to distinguish the 
longer record from the shorter, whatever 
the frequencies and the band-widths. 
Somehow they establish a fulcrum and 
divide the incoming carrier waves into 
longs and shorts around that point. 

In our experiments we provide a sin
gle photograph averaging all the long 
wavelengths and a single photograph 
averaging all the short. What happens 
in the real world, where the eyes re
ceive a continuous band of wave
lengths? We are speculating about the 
possibility that these wavelengths regis
ter on the retina as a large number of 
individuai color-separation "photo
graphs," far more than the three that 
'\ 1 axwell thought necessary and far more 
than the two that we have shown can 
do so well. The eye-brain computer es
tablishes a fulcrum wavelength; then it 
averages together all the photographs 
on the long side of the fulcrum and all 

500 
GREEN 

WAV E L E N GTH (MI L L IM ICRONS )  
550 

Y EL LOW 

those on the short side. The two aver
aged pictures are compared, as real pho
tographic images are compared in ac
cOl'dance with our coordinate system. 

Finally I should like to make clear 
that, although our experiments deal with 
two photographs and our coordinate 
system is two-dimensional, we hm-e not 
been describing a two-color theory of 
vision. vVhen we use a band of wave
lengths for either or both of the records, 
we have light of many wavelengths com
ing from each point on the screen. And 
if classical three-color theory holds, it 
should describe the color of each of 
these points.  This, as we have seen, it 
completely fails to do. It is true, how
ever, that our experiments deal with two 
packages of information. We have dem
onstrated that the eye can do almost ev
erything it needs to do with these two 
packages. The significance of what a 
third package will add is far from ob
vious. We are building a triple image
illuminating monochromator to find out. 

A third picture may provide better in
formation at the photographic level or 
an additional and useful interaction with 
the stimuli from two images. However, 
there is not a very big gap in the sensa
tion scale to be filled by the third pic
ture. In a given image a particular 
combination of two stimuli might not 
provide an electrically intense blue or a 
delicately yellowish green, but it is still 
likely to provide more than enough for 
the animal to live with. Nevertheless we 
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WAVELENGTH AND COLOR are independent of each other, 

except for the long·short relationsbip. This diagram shows the 

roles that various wavelengths can play. Those in the interval a 
can serve only as the short·record stimulus ;  those in b may be 

either long or short ; those in c can only be long. I f  the wave· 

lengths in b1 are used as short·record stimuli, they will combine 

with a longer wavelength to produce the full gamut of color. If 

they are used as long.record stimuli, they will produce a more 

limited range. Wavelengths in b., will produce full color, serving  

as the  stimuli for  either the  long record or for  the  short record. 

When both stimuli come from between 405 and 520 milli· 

microns, "short-wave reversal" occurs ( see color map on page 89 ) .  
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12.0 "Gil reduced 10 0.6 "Gil 
This Is Environmental Protection ! 

Lo o k  at t h e  above i l l u strati o n ,  s h o w i n g  two Be n d i x  a i r  d ata s e n s o rs o n  an 
e l ectro m ag n et i c  s h ake tab l e .  N otice t h e  l eft hand u n it w h i c h  i s  m o u nted s o l i d l y  
to t h e  o sc i l l ati n g  h ead o f  t h e  s h aker. T h e  i m ag e  i s  b l u rred beca u s e  a v i b rato ry 
i n p u t  of a b o u t  .1 87" d o u b l e  a m p l itu d e  a t  3 5  c . p . s . ,  e q u al l i n g  an acce l e rati o n  fo rce 
of 12 " g ' s " ,  is b e i n g  a p p l i ed d i rectly to it. 

Now l o o k  at the r i g h t  h a n d  u n it m o u nte d  o n  a R o b i n s o n  e n g i n ee red 
m o u nti n g�y.ste m . . .  s o m e  d iffe re n c e ! T h e  c l ear i m ag e of th i s  eq u i p m e nt s h ows 
th e ty p i cal ly h i g h  i s o l at i o n  eff i c i e n cy (over 95%) of t h e  R o b i n s o n  M ET- L- FLEX® 
m o u nti n g  d e s i g n .  

Oth e r  Ro b i n s o n  d es i g n s  p ro v i d e  s i m i l ar p rotecti o n  at h i g h e r  freq u e n c i es 
w h e re t h e  i n p ut ofte n reac h e s  30 - 40 " g ' s " .  T h e  n atu ral freq u e n c i e s  of s u c h  
m o u nti n g  syste m s  a r e  h e l d  w ith i n  l i m its w h i c h  a r e  n ot c ritical t o  t h e  eq u i p m e nt. 

Uti l i z i n g  th i s  m o u nt i n g  syste m rad i c a l l y  re d u ces the e n v i ro n m ent to a l ev e l  
eas i ly to l e rated by a n y  reas o n ab l y  w e l l  d es i g n e d e l ectro n i c  eq u i p m e nt. S u c h  a 
m o u nt i n g  e l i m i n ates t h e  n e e d  fo r costly a n d  ti m e  c o n s u m i n g  ru g g ed i zati o ri .  
Over- a l l  s pace a n d  w e i g ht are h e l d  t o  a m i n i m u m .  

Beca u s e  of t h e  p roven p e rfo r m a n c e  a n d  rel i a b i l ity reco rd of a i r b o r n e  c o m 
p o n e nts n o w  p rotected b y  Ro b i n s o n  m o u nti n g s ,  an i n c reas i n g  n u m b e r  o f  m an u 
factu rers i n  t h e  e l ectro n i cs i n d u stry are i n c o r p o rati n g  Ro b i n s o n  m o u nti n g s  as 
an integral part of th e i r  bas i c  eq u i p m e n t  d e s i g n .  

" Pe rformance i s  t h e  reas o n  • • •  R e l i ab i l ity t h e  Res u lt" 

R O B I N S O N  7� P� cJlW 
T E T E R B O R O ,  N • .I .  

F o r m e r l y  R O B I N S O N AV I AT I O N I N C .  • West C o a s t  E n g i n e e r i n g  Offi c e : S a n t a  M o n i c a ,  C a l if. 

D E S I G N E R S  A N D MA N UFA C T U R E R S  O F  VIB RA TI O N  C O N TR O L  S YS T E M S  
© 1959 SCIENTIFIC AMERICAN, INC



CEC 
Datalab Division 

· Dataiab has openings lor qualified engineers who 
wish to join the company's team of experienced R & D  
specialists. Immediate needs exist for mechanical 
engineers and transistor circuit engineers. as well as 
technical writers. 

9 8  
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DATA LAB D I V I S I O N  
CEC's Advanced Electronic Data 

Laboratory . . .  conceives and 

develops new instrumentation under 

R & D  contracts. 

% Write for Bulletin 1 3 1 4-S. 
A N A LYTICAL & CONTROL 
I NSTR U M ENT D I V I S I O N  
M ass spectrometers, leak detectors, 

chromatographs, moisture monitors 

. . .  lab or p rocess models.  

B u lletin l 3 l 3 -S. 

CONSOLI DATED SYSTEM S 
CORPORATI O N  
Subsidiary of C EC. Systems for 

industrial p rocess control, digital  

data handling,  chemical analysis,  

missi le checkout.  B u lletin 1 3 04-S. 

DATATAPE D I V I S I O N  
M agnetic tape recording and 

reproducing equipment for ground-

station, a i rborne and mobile 

applications. B u lletin 1 3 1 2-S. 

E L ECTRO M EC H A N I CAL 
I NSTRU M ENT DIVISION 
Di rect-writ ing osci llographs,  data 

amplifiers, v i bration meters and 

power supplies . . .  for dynamic tests 

in missile,  industrial ,  and flight-test 

environments. B u lletin 1 3 1  o-s. 

TRAN S D U C E R  D I V I S I O N  
Sensing devices for  industrial  and 

m i l itary applications, pressure 

a n d  v ibration instrumentation, 

galvanometers, and telemetry 

equipment.  B u l letin l 3 0S -S.  

Con sol i d a t ed 
E lect rod yn am i cs 
Corporat i on 
300 North Sierra Madre Villa 
Pasadena, California 

COLO R S  S E E N  R A N G E  OVER VARIATION I N  COLOR OVER TH I S  RANGE 

W H I C H  S E E N  

--.... ��-.... �." ...• � .... "-.. 
-�"-.,-.,�--�.-� .. " 

GRAY 200 TO 1 L I TTLE VARIATION 

-�.�".�" .. �" ... --. 

BROWN 1 00 TO 1 YELLOW-BROWN TO DARK BROWN 

W H I T E  1 00 TO 1 TO BLU I S H -W H I T E  

YELLOW 30 TO 1 YE LLOW TO O F F-WH I T E  

YELLOW- G R E E N  30 TO 1 TO Y ELLOW ORANGE 

BLUE 1 0  TO 1 TO BLUE G R E E N  

G R E E N  6 T O  1 TO GRAY- G R E E N  

R E D  5 TO 1 DARK R E D  TO DARK ORANGE-RED 

ORANGE 5 TO 1 Y ELLOW TO RED-ORANGE 

LIMITS OF STABILITY of colors under variation in relative brightness of  a sample pair 

of long and short stimuli are summarized in this typical chart.  Second column shows the 

mechanism ratio ( changing the brightness of either or both of the stimuli ) for which color 

at left is  reco gnizable. Pair of stimuli used was 450 millimicrons and 575 milliminons. 

do expect that the richness of many col
ors will be increased bv the interplav of 
a third stimulus .  Whatever we learn bv 
adding a third picture, the visual proceis 
will remain an amazing one from the 
evolutionary point of view. vVhy has a 
system that can work so well with two 
packages of information evolved to work 
better with three? And who knows 
whether it will not work better still with 
four, or five or more? 

What does the eye itself do in the 
everyday world of the full spectrum? 
Does it make only two averages? Or 
does it put to better use the new ability 
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l' I V I EWER  

we have discovered-the ability to  dis
tinguish sharply between images at 
closely spaced wavelengths? Perhaps it 
creates many sets of averages instead of 
just two or three. 

Even if more than two information 
channels are used, we feel that the big 
jump is obviously from one to two. Most 
of the capabilitv of our eyes comes into 
play here. And whatever may be added 
by more channels, the basic concept will 
remain. Color in the natural image de
pends on the random interplay of longer 
and shorter wavelengths over the total 
visual field. 
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l' I V I EWER  

SODIUM·VIEWING BOXES a r e  diagrammed schematically. Each of these instruments pro· 

duces a large composite image by means of the semitransparent mirror. Tungsten light is  

white, and is restricted to narrower bands of wavelengths by means of colored filters. 
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THE LATE BLIGHT OF POTATOES 

This devastating disease is now controlled only by repeated 

sprayIng. Potato VarIetIes that can withstand it are being 

produced in central Nlexico, the probable hon1e of the blight 

b�· John S. Niederhauser and William C. Cobb 

U
ntil quite recently Mexican farm

ers regarded the lowly potato as 
a luxury crop to be cultivated 

either at high altitudes or during the dry 
season with irrigation. "The potato just 
won't grow during the summer rainy 
season," one farmer said. "It is not well 
adapted here." 

It was strange to find such opinion 
prevailing among the farmers of Mexico. 

The tropical highlands of Central and 
South America are the native home of 
the potato. In the very countryside 
where farmers found it so difficult to 
cultivate the plant, dozens of wild spe
cies, producing small, largely inedible 
tubers, grow throughout the rainy sea
son and apparently flourish in the cool, 
humid climate. From Latin America the 
potato went forth to become one of 

the major food crops of the world. It 
yields more calories per acre than any 
other crop; it ranks second only to rice 
in total annual tonnage. \,yherever day 
temperatures are cool and the climate 
moist, the potato is the food of the poor. 
In Europe above the 45th parallel, from 
the U.S. S.R. to Ireland, the potato feeds 
the populace; in North America, along 
both sides of the Canadian border, the 

MOUNTAIN SLOPES IN CENTRAL MEXICO, like this one near 

Mexico City, yield half the country's small potato crop. The potato 

fields in the foreground are nearly 10,000 feet above sea level. 

Though the cool climate at this altitude retards the spread of late 

blight, the crop is often partly destroyed. A t lower altitudes po· 

tatoes are grown only during the dry season in irrigated fields. 
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potato is grown for shipment and is a 
vital cash crop. For decades expeditions 
have come to Mexico to collect wild 
species of the potato for the genetic im
provement of domesticated strains. Yet 
the farmers of Mexico held that the 
potato was not adapted for cultivation 
;n their country! 

Such was the status of the potato in 
�1exican agriculture when one of us 
(Niederhauser) in 1947 joined the staff 
of the Office of Special Studies, a joint 
research enterprise of the Rockefeller 
Foundation and the Government of 
Mexico which is devoted to the improve
ment of the country's plant and animal 
stocks and agricultural methods. Though 
it is usually wise to listen to the opinion 
of good farmers, I arranged for the plant
ing of small plots of potatoes at two of 
our experiment stations at the beginning 
of the next rainy season. The plants got 
off to a grand start and looked fine until 
about the middle of July. Then it be
came clear why the Mexican farmers had 
so little faith in the potato. After a series 
of daily rains, dark lesions appeared on 
the leaves and stems; within a week the 
luxuriant green foliage was reduced to 
blackened stalks. The "late-blight" dis
ease had struck. 

With the black stem rust of wheat the 
late blight of potatoes shares the noto
riety of being the world's most destruc
tive plant disease. These blights are 
caused by fungi: pale microscopic plants 
that lack chlorophyll and are obliged to 
live parasitically on plants that are capa
ble of photosynthesis. Phytophthora in
festal1s, the fungus that causes the late 
potato blight, entered the pages of his
tory in the 1840s, when it twice de
stroyed the potato crop of Ireland. In 
the ensuing famine more than a million 
of the island's eight million people per
ished, and more than 1.5 million emi
grated to other lands [see "The Social In
fluence of the Potato," by Redcliffe N. 
Salaman; SCIENTIFIC AMERICAN, De
cember, 1952]. The potato farmer figu
ratively cultivates his fields with a hoe 
in one hand and a spray can in the other. 
The late blight levies its heaviest tax in 
labor and the cost of chemical sprays on 
the small subsistence farmers who can 
least afford to pay it. In extensive regions 
of the world where the climate is excel
lent for potatoes, including the high
lands of India as well as those of Mexico, 
people who most need this energy-rich 
food have had to forego it. 

1'he sudden and devastating appear
ance of a plant disease provokes in a 

plant pathologist more than scientific in-

CULTIVATED POTATO (Solanum tuberosum) originated in the Andes, but wild species 

are dispersed throughout Latin America. As a crop plant, the potato is reproduced vege

tatively, new plants arising from the "eyes" of its tubers. The seeds of its small, tomato-like 

fruits are of value primarily to plant breeders seeking to develop new varieties from crosses. 
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terest. I determined to do something 
about it. One of my professors at Cornell 
University, the late Donald Reddick, had 
developed blight-resistant varieties. I 
was confident that these would take care 
of the situation in Mexico. In the spring 
of 1949 I planted a series of experimen
tal plots in the Toluca Valley near 
Mexico City. Surely the local farmers 
would be astonished to see unsprayed 
potatoes growing nicely during the rainy 
season! 

But in July, when the rains began, I 
was the one who was astonished. With
out exception all of the resistant varieties 
were blighted and killed, several being 
destroyed almost as they emerged from 
the ground. The puzzled farmers shook 
their heads and wondered why I should 
try to prove something that they already 
knew. 

I could be forgiven for my optimism. 
The "resistant" potatoes I had planted 
were crosses of Solanum tuberosum, the 
familiar Irish potato, and the wild spe
cies Solanum demissum, which is indige
nous to Central America. Reddick and 
others had found that the wild species 

was immune to all cultures of the blight 
fungus available to them, and they had 
incorporated the genes responsible for 
this immunity into new varieties. 

How then explain the outcome of my 
experiment? Reddick had surmised years 
before that the Toluca region was the 
endemic home of the late-blight fungus 
as well as of Solanum demissum. In na
ture the contest between host and para
site is rarely won by either side. Few 
epidemics among plants or animals are 
ever 100-per-cent fatal. Natural selec
tion provides for the survival of those in
dividuals that have genes endowing 
them with the biochemical constitution 
to defeat infection by a particular patho
gen. In a parallel selection process, 
strains of the parasite evolve on the re
sistant remnants of the host population. 
In the Toluca Valley, as a result of this 
centuries-long struggle for survival, a 
biological balance had been reached be
tween the resistant species of wild potato 
and the virulent races of the fungus 
prevalent there. 

Clearly the fungus in these Mexican 
highlands presented a fine subject for 

basic research on the disease. It was 
equally apparent that the experiment 
station at Toluca would provide an ex
cellent proving ground to test the re
sistance of new strains of potatoes. Per
haps it would be possible to combine the 
hard-won resistance of the wild species 
with the commercial characteristics of 
the Irish potato in a new Mexican hy
brid variety that would produce big edi
ble tubers and stand off the ravages of 
blight. 

Since the Office of Special Studies had 
projects of higher priority (con

cerned with the improvement of corn 
and beans, the staples of the Mexic;lIl 
diet) it was several years before the 
active work on the potato could begin. 
Then in 1952, on the model of our expe
rience with these other plants, we under
took the first phase of our effort to in
crease the importance of the potato in 
the agriculture of the country. This 
called for the testing of thousands of 
varieties each year from the U. S. and 
from every other potato-growing nation 
in the world. Most of them come to us 

LATE-BLIGHT DISEASE can destroy a potato field in a few 

days. Blight-resistant (left) and susceptible (right) seedlings, both 
grown without spraying, are the same age. The photograph was made 

in the Toluca Valley, an international center of potato research. 
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Here is the low-cost 

electronic digital computer 

in greatest demand 1 
Gives you large-C�pacity electronic computation at desk-side, 

Operating from any convenient wall outlet, the powerful LGP-30 
gives you the full flexibility of stored-program operation with an 

unusually large non-volatile memory of 4096 words - 2000 more 
than the next computer in its class! And it's the lowest-priced com
plete computer your company can buy! 

Because the LGP-30 command structure and controls have been 
remarkably simplified, you require only minimum computer ex
perience. What's more, you get complete format control . . . alpha
numeric input-output via keyboard or punched paper tape. No 
additional equipment is required for operation although, if desired, 
a high-speed photoelectric reader - with or without mechanical 
punch - is available for system expansion. 

The greatest computer value in today's market, the LGP-30 re
quires no expensive installation or air-conditioning ... may be pur
chased on either a sale or rental basis. Customer training is free. 
An extensive library of programs and sub-routines �s available
as well as membership in an active users organization. Sales and 
service facilities'are maintained coast-to-coast. For further infor
mation and specifications, write Royal McBee Corporation; Data 
Processing Division, Port Chester, N. Y. In Canada: The McBee 
Company, Ltd., 179 Bartley Drive, Toronto 16. 

::::J • data processing division 
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F-108, NUCLEAR TURBOJET, AND RAMJET PROJECTS OFFER CHALLENGING OPPORTUNITIES 
TO PROFESSIONAL ENGINEERS AND SCIENTISTS 

Advanced projects for air and space operations 
now underway in the Controls and Accessories 
Division at Marquardt Aircraft offer engineers and 

scientists challenging opportunities in a variety of 
technical areas. Here, where we are dealing with 
development problems on high-performance 
systems with stringent design and reliability re

quirements, professional engineers will find real 
challenge and opportunity for accomplishment. 

Project personnel are currently working in such 
areas as the engine control system for the G-E 
nuclear turbojet; inlet control systems for the 

McDonnell F-4H, North American F-I08 and the 
North American Hound Dog missile; the fuel con

trol system for the supersonic Bomarc's ramjet 

engine; auxiliary power systems, pumps, and actu
ators; and are developing a unique and advanced 
space power unit. 

C & A Division activities range in scope from pre
liminary design through final production. 

Professional engineers and scientists capable of 

making contributions in these and related areas are 
invited to investigate the employment opportu

nities at Marquardt. You will find a combination 

of significant, active projects and a lively interest 
in new ideas, creating an environment for profes
sional growth. May I suggest you write Mr. Floyd 
Hargiss, Professional Personnel Department, 

16547 Saticoy Street, Van N uys, California? 
Roy E. Marquardt, President 
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C & A Division engineers made many contributions 
to the "state of the art" when they developed the 
fuel control system for the supersonic ramjet engine. 

VAN NUYS AND POMONA, CALIFORNIA-OGDEN, UTAH 
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Foxboro makes 

a better instrument 

... or Foxboro 

doesn't make it! 

Individual flaw·calibratian of the Foxboro Magnetic Flow Meter - on instrument 

now affording many industries their first accurate measurement of difficult fluids. 

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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rated as "immune" to the blight on the 
basis of their resistance to the races avail
able in their country of origin. But few 
of them have survived the withering ex
posure to the races of fungus that 
abound in the Mexican countryside. To 
date only 250 blight-resistant selections 
have survived the field test in Toluca 
Valley. 

Of course blight resistance is not the 
only criterion of this "varietal selection" 
program. A useful variety of potato must 
also yield a rewarding crop of well
shaped tubers, free of cracks and dis
colorations. Moreover, in a country like 
Mexico potatoes must be good "sleep
ers" -slow to sprout even in warm 
weather-so that the farmer can keep his 
seed potatoes from one season to the 
next. On the basis of these additional 
criteria three "elite" varieties have been 
selected from the 250-odd resistant 
strains. Their yield is moderately good, 
and their shape and eating qualities are 
acceptable for the Mexican market. Re
gional tests over a four-year period indi
cate that they will grow without spray
ing in all parts of Mexico where the 

climate is suitable. The rural people are 
now beginning to add the potato to their 
basic diet. 

The eager acceptance of the potato on 
the part of average Mexican farmers has 
been demonstrated by our experience in 
a remote and mountainous part of the 
state of Michoacan. Three seasons ago 
100 pounds of seed tubers of one of the 
elite varieties were given free to each 
of about 20 farmers in four neighboring 
villages. The only stipulation was that 
from his first harvest each farmer would 
in turn give 100 pounds of seed to some 
other farmer. Though the region is al
most without roads, and travel is by 
burro and foot, by last summer this 
strain was under cultivation as far as 75 
miles from the original villages. 

Three fourths of the Mexican popu
lation lives on a great central plateau at 
elevations of 4,500 feet or more. In this 
cool climate, with fairly reliable sum
mer rains, the potato can grow very well. 
The new blight-resistant varieties make 
it possible for a subsistence farmer to put 
in a small plot of potatoes or for his wife
to plant a few hills in her dooryard 

c 

4 

garden. Mexico now has a new food 
source that, at very low cost, will vary 
and augment its traditional diet of corn 
and beans. 

The screening program has evolved 
into the International Cooperative Proj
ect for Late-Blight Research. Potato 
breeders all over the world now send 
their experimental varieties to Toluca for 
testing. The battery of indigenous blight 
races eliminates most of the plants at 
once and enables the breeder to concen
trate his attention on the relatively few 
survivors. Since 1956 we have also been 
sending certain selections to other coun
tries for further testing. Uniform sets of 
10 elite strains have gone out to collabo
rators in 29 different countries on five 
continents. Reports on the resistance, 
adaptation and yield of each variety in
dicate that the Toluca-screened potatoes 
grow at least as well in every other coun
try as they do in Mexico. Most of them 
appear to be immune to the blight races 
established in those countries. 

With progress toward immediate 
practical objectives under way, we were 
able to turn to the long-range basic study 

a 

5 

BLACK LESIONS OF LATE BLIGHT (left) are caused by a 

fungus which grows in the potato leaf as a network of filaments 

about .001 inch in diameter (a). The fungus normally reproduces 

asexually by producing pear-shaped spore sacs (b); this process 

is shown in more detail on page 112. Under special conditions, two 

fungi can reproduce sexually (c). A female cell grows through 
a male cell 0, 2, 3), which then fertilizes it (4). The fertilized 
female cell then grows into a thick-walled and hardy oospore (5)_ 
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POTATO-GROWING AREAS (black and hatched) show the 
plant's preference for a cool, 'Hoist cJinlate; in the tropics it grows 

only in highland regions_ Late blight is a serious problem through-

PACIFIC OCEAN 

BLIGHT-RESISTANT WILD POTATOES are found only in 

Mexico and northern Guatemala (colored area). The concentra

tion of resistant species in central Mexico (dark color) indicates 
that the blight probably originated in that region. The intensely 

108 

out the black areas, but is only spo"adically troublesome in the 

hatched areas. A small area in central Mexico (color) has produeed 
all the wild-potato species used in breeding blight-resistant types. 

GULF OF MEXICO 

virulent strains of the blight fungus in Mexico drastically limit 
potato culture there, though much of the land above 5,000 feet 

(gray) possesses a suitable climate. Toluca, Chapingo and Leon 
are centers of the research discussed in the text of this article. 
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of the blight fungus itself. Such a pro
gram would have fundamental value to 
any effort to breed new resistant sb'ains 
of potato. Plant pathologists had postu· 
lated the existence of 16 races of the 
fungus. But not more than nine races had 
been found and identified before 1954. 
A study of the fungus cultures in the To
luca Valley, however, promptly revealed 
all 16 races. There are strong reasons for 
believing that other races exist which 
cannot be segregated by present meth
ods of identification. 

In the wheat rust and many other 
fungi, new races arise mainly from sex
ual crosses. The potato-blight fungus, 
however, has been a scientific puzzle, for 
it has seemed to be "sexless." It repro
duces asexually, "pinching off" some of 
its cells and setting them adrift, each 
wrapped in a thin protective membrane, 
as a "fallout cloud" of infection. Many 
other fungi reproduce in this manner, 
but most of them can also produce male 
or female cells that fuse to form larger 
and more thickly walled sexual spores. 
Potato-blight cultures yielded few such 
spores, and these were invariably sterile. 

Thus new races of Phytophthora in·· 
festans could presumably have origi
nated only through chance mutation or 
through some other process of adapta
tion to variation in its host. Such slug
gish evolutionary processes would ex
plain why only 16 races of blight had 
been found, as against some 200 strains 
of the sexually reproducing wheat rust. 
But 16 or more races in one small valley 
bespeaks some more rapid evolutionary 
process. 

In October, 1955, workers at our 
Chapingo Experiment Station noted that 
certain cultures of blight fungi from the 
Toluca Valley were producing large 
numbers of fertile sexual spores. The 
spores originated mainly in "mixed" cul
tures; subcultures started from a single 
asexual spore rarely produced them. The 
Chapingo investigators at first suspected 
that some nutritional element vital to the 
production of sexual spores had been 
carried into the original mixed cultures 
and had been lost when these were 
broken down into pure subcultures. 
However, a parallel investigation by 
John J. Smoot and his associates of the 
U. S. Department of Agriculture re
vealed that the Toluca fungi can be 
separated into two "compatibility 
groups." Only when both groups are 
present in a culture can the fungus re
produce sexually. The two groups show 
no other observable distinction. In fact, 
Jorge Galindo of the Office of Special 
Studies has shown that cultures of both 
groups can produce both male and fe-

I 
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WORLD PRODUCTION (MILLION TONS) 
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o 150 300 450 

AREA PLANTED (MILLION ACRES) 
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IMPORTANCE OF THE POTATO is shown by these charts. Among major food crops the 
potato is surpassed only by rice in total production (top), but requires much less acreage 
(center). Therefore its nutritional yield per acre exceeds that of other staples (bottom). 
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"Compare 
great things 
with 
small" 

Virgil: Eclogues 

That can be done. Not altogether, 

of course, for the massive entirety 

of the universe is as completely un· 

known as the smallest particle of 

matter. 

But between these two ultimates 

many sizes, great and small, are 

familiar and warth comparing. 

Take the most modern computing 

machine. Descendant of the ancient 

abacus and the office adding mo· 

chine, it looks big enough to live in. 

In fact, countless components, rang· 

ing in size to the very tiniest, do. 

Each functions as part of a great 

mechanical brain. 

With assemblies getting larger 

and components getting smaller, 

twa equally important factors are 

amplification and miniaturization. 

In the miniaturization of bearings, 

MPB has an established leadership. 

MPB bearings are available in over 

500 different types and sizes. O.D.'s 

range from 3/B" to 1/10", with 

specials provided on request. 

For a complete catalog, write to 

Miniature Precision Bear

ings, tnc., 1205 Precision Park, 

Keene, N.H. 

l'vPB helps you perform miracles 

in miniaturization 

MINIATUR.E PR.EOISION 

BEAR.INOS, INO. 
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male cells. Nor does race, as identified 
by the ability to infect given potato va
rieties, have anything to do with this 
segregation into compatibility groups; 
fungi of the same race turn up in both 
groups. A male cell of one group, how
ever, can fertilize only a female cell from 
the other group. What physiological 
mechanism prevents fertilization within 
a group is still a mystery. 

In the Toluca Valley fungi of both 
compatibility groups are present in ap-

proximately equal numbers. Sexual 
crossing appears to be responsible for 
the many virulent races which have 
arisen in this limited area. Elsewhere in 
the world all cultures of the blight fungi 
that have been tested belong to a single 
compatibility group. 

This discovery has focused attention 
on a still-unsolved problem: How does 
the blight fungus survive the long, cold 
winters of northern Europe and Amer
ica? In general, asexual fungus spores 

SEXUAL SPORE of the late-hlight fungus is shown here magnified about 2,000 times. The 

membranes at left are the remains of the stem on which the female cell grew and of the 

male cell which fertilized it. Fertile sexual spores of the fungus are found only in Mexico; 

sexual crossing probably gave rise to virulent races of blight that are prevalent there_ 
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Eastman 910 Adhesive 
solves another 

production bottleneck 

New Plastic Corporation, Los Angeles, 
manufactures light, attractive hammers 
as part of an all-purpose tool kit, called 
"Diligent Duchess," designed specifi
cally for housewife or career girl. 

To assemble the hammer, a molded 
plastic adapter on the end of the glass 
fiber handle is coated with a small 
amount of Eastman 910 Adhesive and 
immediately rammed into the steel 
forged head. 

Within minutes, the bond is strong 
enough to permit packing for shipment. 

The adhesive-bonded hammer with
stands 300,000 blows successfully, in
dicating a service life expectancy three 
times normal. 

Eastman 910 Adhesive is making 
possible faster, more economical as
sembly-line operations and new design 
approaches for many products. It is 
ideal where extreme speed of setting 
is important, or where design require
ments involve joining small surfaces, 
complex mechanical fasteners or heat
sensitive elements. 

Eastman 910 Adhesive is simple to 
use. No mixing, heat or pressure is re
quired. Upon spreading into a thin film 
between two surfaces, setting begins 
immediately. With most materials, 
strong bonds are made in minutes. 

What production or design problem 
can this uniq1Je adhesive solve for you? 

Bonds Almost Instantly 
..• Without Heat, 
Pressure or C�talyst 

For a trial quantity (ll:l-ounce) send five 
dollars to Eastman Chemical Products, 
Inc., Chemicals Division, Dept. 5-5, Kings
port, Tenn., or to Armstrong Cork Com
pany, Industrial Adhesives Division, 9105 
Inland Road, Lancaster, Pa. 

cannot survive extremes of temperature 
or extended periods of dryness. Most 
fungi, including the downy mildews of 
which the potato blight is a representa
tive, withstand cold or drought by pro
ducing the thicker-walled and far more 
hardy sexual spores. But no fertile sexual 
spores of the potato blight have been 
found outside Mexico. Some investiga
tors believe that the potato blight has 
survived in northern climates by winter
ing in tubers left in the ground, but the 
evidence from different countries is con
flicting. A fuller knowledge of how 
the fungus gets through the winter may 
reveal a vulnerable point in its life 
cycle. 

With the discovery of the sexual mode 
of reproduction in the blight fungus, 
however, we can now begin to study the 
formation of new races in the laboratory. 
Better understanding of the genetic 
mechanism of the fungus will make it 
possible to plan the breeding of more 
resistant varieties of potato. 

The history of the century-long 
search in Europe and North America 

for the blight-resistant potato variety 
tells of a succession of "resistant" vari
eties that soon became susceptible. As 
a rule, the resistance incorporated in 
these varieties was a narrow one, pro
tecting the plant only from particular 
races of the fungus. Such resistance ap
pears to be govemed by only one or 
two genes. The blight pathogen found it 
comparatively easy to overcome this sim
ple resistance; the appearance of a new 
race of the fungus negated these facile 
conquests. 

The outlook for the future was dis
couraging until the violent test at To
luca made possible the elimination of 
all but the most resistant plants. In these 
varieties resistance appears to be di
rected not against particular races of the 
fungus but against the entire species. 
This "field" resistance seems to be gov
erned by many genes rather than a few. 
It is this type of resistance that has en
abled the wild potato-species to survive 
centuries of exposure to the wide spec
trum of virulent blight races in central 
Mexico. 

Having obtained a limited number of 
successful varieties from the screening 
of many thousands and having learned 
something of the genetic secrets of the 
blight fungus, we were prepared to be
gin a breeding program of our own. At 
first our investigators followed the prece
dent of earlier breeders and crossed sev
eral commercial varieties with the Mexi
can wild potato, Solanum demissum. 
But this is a tedious and frequently un-

Felt is one of the most diverse and 
universally useful of all basic design 
materials. You find it in beautiful 
fashions ... and hard at work in 
nuclear power plants, filtering out 
radioactive particles, making liq
uids pure! A+ felts, by American 
Felt Gompany, are produced as 
soft as fleece or tough as canvas. 
They form superior filters, cushions, 
buffers and gaskets. They absorb 
sound, clean the air ... perform a 
thousand useful tasks. Send us your 
design problems in any of these 
areas. Our engineers will follow 
through promptly. 

Americanfelt 
Com any 

® 

205 Glenville Road, Glenville, Conn. 
Among our famous trademarks: "SOLEIL" 

FELT-quality millinery; FEUTRON
synthetic fiber felts; 01 L FOI L-bearing seals. 
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rewarding procedure. The Rrst-genera
tion hybrids of wild species and commer
cial varieties invariably produce small 
and unappetizing potatoes, and must be 
repeatedly backcrossed to the commer
cial types before they yield an accept
able product. 

Soon we switched to a more promising 
and fruitful procedure for obtaining new 
blight-resistant commercial varieties; we 
crossed the few varieties that had dem
onstrated high resistance at Toluca. 
Within the surprisingly brief period of 
three years this breeding program has 
created a number of promising new 
selections, and dozens more of them are 
on the way. 

The Reid resistance of the new varie
ties, though difficult to measure when 
they are inoculated as seedlings in the 
greenhouse, is nevertheless of the ut
most practical value. On such plants in 
the Reid the fungus spreads slowly and 
produces few spores. The lesions are 
fewer in number and tend to appear 
chiefly on the older, lower leaves. But 
because so many genes are involved we 
understand only imperfectly how Reld-

resistant plants transmit this character
istic to their progeny. 

What assurance have we that a potato 
variety now resistant to late blight 

will not one day succumb to new races of 
the fungus? Wheat breeders constantly 
face the necessity of producing new 
strains of wheat to resist new races of 
stem rust. Occasionally the rust gets the 
upper hand. Between 1949 and 1951 a 
new race of stem rust destroyed tens of 
millions of bushels of wheat in the U. S. 
before wheat breeders could overtake it. 
So far, however, the resistance of our 
Mexican selections has maintained its 
original level at Toluca. Furthermore, 
some European varieties have exhibit
ed a constant low level of Reid re
sistance for several decades. Many wild 
species of Solanum have maintained 
their blight resistance for hundreds and 
perhaps thousands of years of exposure. 

Though a number of experiments in 
other parts of the world have shown the 
Toluca selections to be "immune" to late 
blight, we know they are not immune. 
They only seem so because the blight 

b 
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races in Europe and the U. S., for exam
ple, are not yet able to attack them. 
There is at least a good chance they will 
remain blight-free for some years. But 
more important, our experiments at 
Toluca indicate that even when our se
lections are attacked by new blight races, 
their field resistance will still permit the 
production of a satisfactory crop. In
deed, if we can Rnd ways of incorporat
ing the field resistance of Solanum de
missum into a commercially acceptable 
potato, protective spraying against late 
blight will probably become unneces
sary. Even partial field resistance can 
bring substantial savings to potato 
growers by enabling them to spray less 
frequently. 

Our existing blight-resistant varieties, 
though not up to the exacting require
ments of farmers and consumers in 
Europe and the U. S., will soon be con
tributing substantially to the Mexican 
diet. In the near future these Rrst fruits 
of our international potato-research pro
gram should bring similar benefits to 
other calorie-hungry regions in Asia, 
Africa and Latin America. 

ASEXUAL REPRODUCTION of blight fungus begins with the 

formation of pear·shaped spore sacs (a). The contents of each sac 

divide into several thin.walled zoospores (b), which can be carried 

for miles by moist currents of air. If a zoospore falls on a potato 

leaf, it sends filaments through the epidermis (c) which pro· 
gressively invade the cells of the leaf, destroying them as they go. 
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• 

Constant output level 

Constant modulation level 

3 volt output into SO ohms 

lope distortion 

New -hp- 606A HF Signal Generator 
Here at last is a compact, convenient, moderately
priced signal generator providing constant output 
and constant modulation level plus high output 
from 50 kc to 65 MC. Tedious, error-producing 
resetting of output level and percent modulation 
are eliminated. 

Covering the high frequency spectrum, (which in
cludes the 30 and 60 MC radar IF bands) the new 

r1j) 606A is exceptionally useful in driving bridges, 
antennas and filters, and measuring gain, selectivity 
and image rejection of receivers and IF circuits. 

Output is constant within ± I db over the full fre
quency range, and is adjustable from +20 dbm (3 
volts rms) to -110 dbm (0.1 fJ.V rms). No level 
adjustments are required during operation. 

SPECIFICATIONS 
Frequency Range: 50 kc to 65 MC in 6 bonds. 

Frequency Accuracy: Within ± 1 %. 
Frequency Calibrator: Crystal oscillator provides check points at 

100 kc and 1 MC intervals accurate within 0.01 % from 0° to 
50° C. 

RF Output Level: Continuously odjustable from 0.1 p'v to 3 volts 
into a 50 ohm resistive load. Calibration is in volts and dbm (0 
dbm is 1 milliwott). 

Output Accuracy: Within ± 1 db into 50 ohm resistive load. 

Frequency Response: Within ± 1 db into 50 ohm resistive load 
over entire frequency range at any output level setting. 

Output Impedance: 50 ohms, SWR less thon 1.],] ot 0.3 v ond 

below. 

Spurious Harmonic Output: less than 3%. 
Leakage: Negligible; permits sensitivity measurements to 0.1 J.Lv. 
Amplitude Modulation: Continuously adjustoble from 0 to 100%. 
Internal Modulation: 0 to 100% sinusoidal modulation at 400 cps 

±5% or 1000 cps ±5%. 
Modulation Bandwidth: Dc to 20 kc maximum. 

External Modulation: 0 to 100% sinusoidal modulation dc to 20 kc. 
Envelope Distortion: less than 3% envelope distortion from 0 to 
70% modulation at output levels of 1 volt or less. 
Spurious FM: 0.0025% or 100 cps, whichever is greater, at an 

output of 1 v or less and 30% amplitude modulation. 

Spurious AM: Hum and noise sidebands are 70 db below carrier. 
Price: (cobinet) $1,200.00. (rock mount) $1,185.00. 

Data subject to change without notice. Prices f.o.b. faclory. 

HEWLETT-PACKARD COMPANY 50235 PAGE MILL ROAD· PALO ALTO, CALIFORNIA, U.S.A. 

CABLE "HEWPACK" • DAVENPORT 5-4451 • field representatives in all principal areas 

cFi2 world's most complete line of signal generators 
® 

1 13 

© 1959 SCIENTIFIC AMERICAN, INC



CAPTURING CHLORINE ATOMS TO MAKE ACHROMYCIN ... 

Where no ll1etal but Palladiull1 

ONLY A PLATINUM METAL DOES IT. This black 
powder is catalyst ... Palladium, a platinum metal, 
dispersed on activated charcoal. It has just heen reo 
covered intact, after catalyzing the chemical reaction 
hy which Achromycin is produced from Aureomycin, 
at Lederle Laboratories. 

Suppose you were asked to "operate" on a complex molecule to remove a single 
chlorine atom without disturbing at all other atoms in this tiny bit of matter. 

Incredibly, such "operations" are routine ... performed every day on a mass 
production basis at Lederle Laboratories. That's how, in the equipment shown 
above, Aureomycin'" is converted to Achromycin"· • • .  an effective antibiotic with 
minimum side reactions. 

The "scalpels" Lederle uses to perform this operation are hydrogen atoms. 
PalJadium catalyst dispersed on particles of activated charcoal, guides the 
hydrogen atoms. No one knows exactly how palladium does this ... but the 
effects are clear. When palladium is present, the hydrogen atom goes into 
action and removes the chlorine atom from each Aureomycin molecule. 

Palladium is the one most effective way to spark this chemical 

reaction. Equally important, it is not lost ... is totally recoverable. 

The unique properties of the Platinum Metals may prove useful to you 
Today the catalytic properties of the platinum metals are being applied in 

almost endless ways ... upping the octane ratings of gasolines, activating flame
less hand warmers for sportsmen, detecting fires be/ore they spread, sensing the 
presence of lethal fumes. 
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will do the job as well ... 
Also, where a hard surface, immune to tarnish, is required, as in electrical 

contacts ... where conditions involve high temperatures and product purity, as 
in the production of lens glasses ... or where a combination of severe corro
sion or erosion must be met, as in the case of spinnerettes for rayon production 
... the platinum metals often prove to be the most economical materials for 
critical equipment. 

Industry is going to higher temperatures and higher pressures. Perhaps your 
own progress has been blocked by the limitations of materials to withstand 
such severe conditions. The platinum metals have removed many barriers. 
Have you considered them for your problem? 

Platinum, palladium, rhodium, ruthenium and iridium have unique poten
tials, well worth your attention. Specialists are prepared to work closely with 
you in evaluating these metals for new commercial and scientific uses. 

As a first step, write us for additional data on the outstanding characteristics 
and successful applications of the six platinum metals and their alloys
indicating your field of interest or how we might be of assistance . 

• Trademark Lederle Laboratories Division American Cyanamid Co. 

CAN THESE PROPERTIES OF THE 

PLATINUM METALS HELP YOU? 

Peak Catalytic Activity 

High Temperature Stability 

Exceptional Chemical Inertness 

Superior Wear Resistance 

Low Vapor Pressure 

The six platinum metals are: 

PLATINUM· PALLADIUM· RHODIUM 
RUTHENIUM· IRIDIUM· 'OSMIUM 

A ��.��) PLATINUM METALS DIVISION, The International Nickel Company, Inc., 67 Wall Street, New York 5, N. Y. 
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NORTRONICS UNIVERSAL DATICO 
SOLVING CHECKOUT PROBLEMS FOR ALL 3 SERVICES! 

Positive proof that Datico is truly universal 
automatic checkout equipment: contracts for 
checkout requirements on missile systems and 
equipment in all three military branches of the 
Department of Defense. 

ARMY - Nortronics is developing for the U. S. 
Army a set of Datico universal test equipment 
designed toward the test of seven different com
plete missile systems. 

NAVY - An application of the Universal Datico 
is being developed for operational checkout of 
an advanced U.S. Navy missile system. 

AIR FORCE - Universal Datico is at work today 
in a U.S. Air Force operational environment, 
operated by service personnel on a production-

line checkout application to U. H. F. equipment. 

Today's Universal Datico is available off-the
shelf: Federal Stock Catalog Number 6625-650-
7542. It can be readily packaged for maximum 
mobility, and is applicable for use at launching 
sites, maintenance areas, depots, and assembly
line checkout stations. 

Tomorrow's Datico is already in advanced devel
opment- by the same management-engineering 
team that delivered Datico in time for today's 
weapons. For your systems checkout require
ments at all test levels, call Nortronics. Or, write: 
Chief Applications Engineer, Dept. 2003-K2, 
Nortronics, A Division of Northrop Corporation, 
500 East Orangethorpe, Anaheim, California. 

NORTRON les A Division of NORTHROP CORPORATION 
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CARGO CULTS 

Throughout Melanesia primitive men await a black Nlessiah \vho 

\vill bring them a largess of "' cargo" (European goods) . These 

cults typify the impact of Christendom on premodern society 

P atrols of the Australian Government 
venturing into the "uncontrolled" 
central highlands of New Guinea in 

1946 found the primitive people there 
swept up in a wave of religious excite
ment. Prophecy was being fulfilled: The 
arrival of the Whites was the sign that 
the end of the world was at hand. The 
natives proceeded to butcher all of their 

pigs-animals that were not only a prin
cipal source of subsistence but also ,sym
bols of social status and ritual pre
eminence in their culture. They killed 
these valued animals in expression of the 
belief that after three days of darkness 
"Great Pigs" would appear from the 
sky. Food, firewood and other necessi
ties had to be stock-piled to see the peo

ple through to the arrival of the Great 
Pigs. M ock wireless antennae of bamboo 
and rope had been erected to receive in 
advance the news of the millennium. 
Many believed that with the great event 
they would exchange their black skins 
for white ones. 

This bizarre episode is by no means 
the single event of its kind in the murky 
history of the collision of European civi
lization with the indigenous cultures of 
the southwest Pacific. For more than 100 

years traders and missionaries have been 
reporting similar disturbances among 
the peoples of Melanesia, the group of 
Negro-inhabited islands (including New 
Guinea, Fiji, the Solomons and the New 
Hebrides) lying between Australia and 
the open Pacific Ocean. Though their 
technologies were based largely upon 
stone and wood, these peoples had high· 
Iy developed cultures, as measured by 
the standards of maritime and agricultur
al ingenuity, the complexity of their 
varied social organizations and the elab
oration of religious belief and ritual. 
They were nonetheless ill prepared for 
the shock of the encounter with the 

by Peter 1'1 r. \," orsley 

Whites, a people so radically different 
from themselves and so infinitely more 

powerful. The sudden transition from 
the society of the ceremonial stone ax to 
the society of sailing ships and now of 
airplanes has not been easy to make. 

After four centuries of Western ex

panSion, the densely populated central 
highlands of New Guinea remain one of 
the few regions where the people still 
carry on their primitive existence in com

plete independence of the world out
side. Yet as the agents of the Australian 
Government penetrate into ever more 
remote mountain valleys,  they find these 
backwaters of antiquity already deeply 
disturbed by contact with the ideas and 
artifacts of European civilization. For 
"cargo" -Pidgin English for trade goods
has long flowed along the indigenous 
channels of communication from the 
seacoast into the wilderness. With it has 
traveled the frightening knowledge of 
the white man's magical power. No small 
element in the white man's magic is the 
hopeful message sent abroad by his mis
sionaries: the news that a Messiah will 
come and that the present order of Cre
ation will end. 

'rhe people of the central highlands 
of New Guinea are only the latest 

to be gripped in the recurrent religious 
frenzy of the "cargo cults." However 
variously embellished with details from 
native myth and Christian belief, these 
cults all advance the same central theme: 
the world is about to end in a terrible 
cataclysm. Thereafter God, the ancestors 
or some local culture hero will appear 
and inaugurate a blissful paradise on 
earth. Death, old age, illness and evil 
will be unknown. The riches of the white 
man will accrue to the �1elanesians. 

Although the news of such a move
ment in one area has doubtless often 

inspired similar movements in other 
areas, the evidence indicates that these 
cults have arisen independently in many 
places as parallel responses to the same 
enormous social stress and strain. Among 
the movements best known to students 
of Melanesia are the "Taro Cult" of New 
Guinea, the "Vailala Madness" of Papua, 
the "Naked Cult" of Espiritu Santo, the 
"John Frum Movement" of the New 
Hebrides and the "Tuka Cult" of the Fiji 
Islands. 

At times the cults have been so well 
organized and fanatically persistent that 
they have brought the work of govern
ment to a standstill. The outbreaks have 
often taken the authorities completely 
by surprise and have confronted them 
with mass opposition of an alarming 
kind. In the 1930s, for example, villagers 
in the vicinity of Wewak, New Guinea, 
were stirred by a succession of "Black 
King" movements. The prophets an
nounced that the Europeans would soon 
leave the island, abandoning their prop
erty to the natives, and urged their 
followers to cease paying taxes, since 
the government station was about to 
disappear into the sea in a great earth
quake. To the tiny community of Whites 
in charge of the region, such talk was 
dangerous. The authorities jailed four 
of the prophets and exiled three others. 
In yet another movement, that sprang 
up in declared opposition to the local 
Christian mission, the cult leader took 
Satan as his god. 

Troops on both sides in World War II 
found their arrival in Melanesia heralded 
as a sign of the Apocalypse. The G.I.' s 
who landed in the New Hebrides, mov
ing up for the bloody fighting on Guadal
canal, found the natives furiously at 
work preparing airfields, roads and 
docks for the magic ships and planes 
that they believed were coming from 
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"R usefel" (Roosevelt), the friendly king 
of America. 

The Japanese also encountered mil
lenarian visionaries during their south
ward march to Guadalcanal. Indeed, one 
of the strangest minor military actions of 
World V/ar II occurred in Dutch New 
Guinea, when Japanese forces had to 
be turned against the local Papuan in
habitants of the Geelvink Bay region. 
The Japanese had at first been received 
with great joy, not because their "Great
er East Asia Co-Prosperity Sphere" prop
aganda had made any great impact up
on the Papuans, but because the na
tives regarded them as harbingers of the 
new world that was dawning, the Right 
of the Dutch having already given the 

first sign. Mansren, creator of the islands 
and their peoples, would now return, 
bringing with him the ancestral dead. 
All this had been known, the cult leaders 
declared, to the crafty Dutch, who had 
torn out the first page of the Bible 
where these truths were inscribed. When 
Mansren returned, the existing world 
order would be entirely overturned. 
White men would turn black like Papu
ans, Papuans would become Whites; 
root crops would grow in trees, and 
coconuts and fruits would grow like 
tubers. Some of the islanders now began 
to draw together into large "towns"; 
others took Biblical names such as 
"J erich 0" and "Galilee" for their villages. 
Soon they adopted military uniforms and 
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began drilling. The Japanese, by now 
highly unpopular, tried to disarm and 
disperse the Papuans; resistance inevi
tably developed. The climax of this 
tragedy came when several canoe-loads 
of fanatics sailed out to attack Japanese 
warships, believing themselves to be in
vulnerable by virtue of the holy water 
with which they had sprinkled them
selves. But the bullets of the Japanese 
did not turn to water, and the attackers 
were mowed down by machine-gun fire. 

Behind this incident lay a long history. 
As long ago as 1857 missionaries in 

the Geelvink Bay region had made note 
of the story of Mansren. It is typical of 
many Melanesian myths that became 
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SOUTH PACIFIC, scene of the religious disturbances known as 

cargo cults, is shown in this map. Most cargo cults have been in 

Melanesia, shown here as four regions enclosed in broken rectan-

gles. Each of these regions is shown in a detailed map in the fol· 
lowing pages. Also shown on this map are three outlying cargo 

cults, two of them Polynesian and the third Micronesian. Numbers 
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confounded with Christian doctrine to 
form the ideological basis of the move
ments. The legend tells how long ago 
there lived an old man named Manama
keri ("he who itches"), whose body was 
covered with sores. Manamakeri was 
extremely fond of palm wine, and used 
to climb a huge tree every day to tap 
the liquid from the flowers. He soon 
found that someone was getting there 
before him and removing the liquid. 
Eventually he trapped the thief, who 
turned out to be none other than the 
Morning Star. In return for his free
dom, the Star gave the old man a wand 
that would produce as much fish as he 
liked, a magic tree and a magic staff. 
If he drew in the sand and stamped his 
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on these maps indicate individual cults. Let

ters refer to typical features of cults (see num
ber and letter keys accompanying each map). 

foot, the drawing would become real. 
Manamakeri, aged as he was, now mag
ically impregnated a young maiden; the 
child of this union was a miracle-child 
who spoke as soon as he was born. But 
the maiden's parents were horrified, and 
banished her, the child and the old man. 
The trio sailed off in a canoe created by 
Mansren ("The Lord"), as the old man 
now became known. On this journey 
Mansren rejuvenated himself by step
ping into a fire and flaking off his scaly 
skin, which changed into valuables. He 
then sailed around Geelvink Bay, creat
ing islands where he stopped, and peo
pling them with the ancestors of the 
present-day Papuans. 

The Mansren myth is plainly a crea-
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tion myth fuII of symbolic ideas relating 
to fertility and rebirth. Comparative 
evidence-especially the shedding of his 
scaly skin-confirms the suspicion that 
the old man is, in fact, the Snake in an
other guise_ Psychoanalytic writers argue 
that the snake occupies such a prominent 
part in mythology the world over be
cause it stands for the penis, another 
fertility symbol. This may be so, but its 
symbolic significance is surely more 
complex than this. It is the "rebirth" of 
the hero, whether Mansren or the Snake, 
that exercises such universal fascination 
over men's minds. 

The 19th-century missionaries thought 
that the Mansren story would make the 
introduction of Christianity easier, since 
the concept of "resurrection," not to 
mention that of the "virgin birth" and 
the "second coming," was already there. 
By 1867, however, the first cult organ
ized around the Mansren legend was re
ported. 

Though such myths were widespread 
in Melanesia, and may have sparked oc
casional movements even in the pre
White era, they took on a new signifi
cance in the late 19th century, once the 
European powers had finished parceling 
out the Melanesian region among them
selves. In many coastal areas the long 
history of "blackbirding"-the seizure of 
islanders for work on the plantations of 
Australia and Fiji-had built up a res
ervoir of hostility to Europeans. In other 
areas, however, the arrival of the Whites 
was accepted, even welcomed, for it 
meant access to bully beef and ciga
rettes, shirts and paraffin lamps, whisky 
and bicycles. It also meant access to the 
knowledge behind these material goods, 
for the Europeans brought missions and 
schools as well as cargo. 

p ractically the only teaching the na-
tives received about European life 

came from the missions, which empha
sized the central significance of religion 
in European society. The Melanesians 
already believed that man's activities
whether gardening, sailing canoes or 
bearing children-needed magical as
sistance. Ritual without human effort 
was not enough. But neither was human 
effort on its own. This outlook was re
inforced by mission teaching. 

The initial enthusiasm for European 
rule, however, was speedily dispelled. 
The rapid growth of the plantation 
economy removed the bulk of the able
bodied men from the villages, leaving 
women, children and old men to carry 
on as best they could. The splendid 
vision of the equality of all Christians 
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began to seem a pious deception in face 
of the realities of the color bar, the multi
plicity of rival Christian missions and 
the open irreligion of many 'Vhites. 

For a long time the natives accepted 
the European mission as the means by 
which the "cargo" would eventually be 
made available to them. But they found 

that acceptance of Christianity did not 
bring the cargo any nearer. They grew 
disillusioned. The storv now began to be 
put about that it was not the Whites who 
made the cargo, but the dead ancestors. 
To people completely ignorant of factory 
production, this made good sense. White 
men did not work; they merely wrote 
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4 KORERI MOVEMENT NUMFOR, DUTCH NEW GUINEA 1911 

5 KORERI MOVEMENT BIAK, DUTCH NEW GUINEA 1939 
6 KORERI MOVEMENT BIAK, DUTCH NEW GUINEA 1886 

UNFRIENDLY 

7 KORERI MOVEMENT BIAK, GEELVINK BAY, DUTCH NEW GUINEA 1942·1947 

8 SIMSON INCIDENT HOLLANDIA, DUTCH NEW GUINEA 1940-? 
9 PAMAI MOVEMENT LAKE SENTANI, DUTCH NEW GUINEA 1928 

10 NIMBORAN MOVEMENT LAKE SENTANI, DUTCH NEW GUINEA 1945 

11 NINIGO ISLANDS MOVEMENT NINIGO ISLANDS, NEW GUINEA 1945·? 
12 BLACK KINGS MOVEMENT AITAPE, WEWAK, NEW GUINEA 1930 
13 GREAT PIGS WEST-CENTRAL NEW GUINEA 1946 

14 HINE MOVEMENT WABAG, CENTRAL NEW GUINEA 1945 

15 BLACK KINGS MOVEMENT MOUNT HAGEN, NEW GUINEA 1940 

16 NATIVE KING KERAM RIVER, CENTRAL NEW GUINEA 1943-1945 
17 GHOST WIND KAINANTU, CENTRAL NEW GUINEA 1940·1947 

18 TOMMY KABU COOPERATIVE MOVEMENT PURARI DELTA, PAPUA 1945-1947 

19 BATAWI INCIDENT WESTERN PAPUA 
20 GERMAN WISLIN SAIBAI, TORRES STRAIT 1913-1915 
21 VAILALA MADNESS PAPUA 1919-1931 

22 FILO INCIDENT MEKEO, PAPUA 1940-1941 

23 GOILALA AND GOGODARA CULT PAPUA 1945 

24 PIG KILLING KAIRUKU, PAPUA 1937 

25 THREE BLACK KINGS WEWAK, NEW GUINEA 1948·1949 
26 MAMBU MOVEMENT MADANG, NEW GUINEA 1937·1940 

27 TIFU INCIDENT RAMU, MADANG, NEW GUINEA 1951 

28 BLACK KING MOVEMENT MADANG, NEW GUINEA 1935 

29 KUKUAIK MOVEMENT KARKAR ISLAND, NEW GUINEA 1940·? 

30 CARGO CULT MADANG, NEW GUINEA 1940 

31 CARGO CULT MADANG, NEW GUINEA 1934 

32 YALI INCIDENT MADANG, NEW GUINEA 1945-1955 
33 GARIA MOVEMENT MADANG, NEW GUINEA 1940- ? 

34 SECOND COMING OF CHRIST RAI COAST, NEW GUINEA 1936 

35 LETUB MOVEMENT MADANG, NEW GUINEA 1939·1940 

36 EEMASANG MOVEMENT HUON PENINSULA, NEW GUINEA 1927- ? 

37 COMING OF JESUS EASTERN HIGHLANDS, CENTRAL NEW GUINEA 1943-1945 

38 TIMO INCIDENT HUON PENINSULA, NEW GUINEA 1922 

39 THREE BLACK KINGS FINSCHHAFEN, NEW GUINEA 1945·? 

40 LAZARUS MOVEMENT HUON PENINSULA, NEW GUINEA 1933 
41 SOSOM INCIDENT MOUNT GOLDBERG, NEW GUINEA 1936 

42 MOROBE MOVEMENT MOROFE, NEW GUINEA 1933·1936 

43 MARKHAM VALLEY MOVEMENT MARKHAM VALLEY, NEW GUINEA 1932-1934 
44 YERUMOT INCIDENT TOEPFER RIVER, NEW GUINEA 1930· ? 

45 SCHWAERMEREI RAWLINSON RANGE, NEW GUINEA 1933 

46 MARKHAM VALLEY MOVEMENT MARKHAM VALLEY, NEW GUINEA 1932-1934 

47 BAIGONA MOVEMENT MASSIM, NEW GUINEA 1912·1919 

48 TARO CULT NORTHEAST NEW GUINEA 1914·1928 

49 PIG KILLING NORTH PAPUA 193 0 

50 PIG KILLING NORTHEAST PAPUA 1930 

51 ASSISI CULT NORTHEAST PAPUA 1930-1944 

52 MILNE BAY MOVEMENT MASSIM, NEW GUINEA 1893-? 

53 PALIAU MOVEMENT MANUS AND BALUAN, ADMIRALTY ISLANDS 1946-1954 

54 THE NOISE RAMBUDJON, ADMIRALTY ISLANDS 1946-1948 (?) 

55 BATARI MOVEMENT GALlLO, NEW BRITAIN 1940-1946 

56 BAINING TROUBLES NEW BRITAIN 1955 

57 BAINING MOVEMENT NEW BRITAIN 1929-1930 

58 KOKOPO MOVEMENT NEW BRITAIN 1930 (?) 
59 NAMATANAI MOVEMENT NEW IRELAND 1939 
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secret signs on scraps of paper, for which 
they were given shiploads of goods. On 
the other hand, the Melanesians labored 
week after week for pitiful wages. Plain
ly the goods must be made for Mela
nesians somewhere, perhaps in the Land 
of the Dead. The Whites, who possessed 
the secret of the cargo, were intercepting 
it and keeping it from the hands of the 
islanders, to whom it was really con
signed. In the Madang district of New 
Guinea, after some 40 years' experience 
of the missions, the natives went in a 
body one day with a petition demanding 
that the cargo secret should now be re
vealed to them, for they had been very 
patient. 

So strong is this belief in the existence 
of a "secret" that the cargo cults gener-
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NEW GUINEA has been a prolific breeder 
of cargo cults, resulting from the impact of 
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ally contain some ritual in imitation of 
the mysterious European customs which 
are held to be the clue to the white man's 
extraordinary power over goods and 
men. The believers sit around tables with 
bottles of flowers in front of them, 
dressed in European clothes, waiting for 
the cargo ship or airplane to material
ize; other cultists feature magic pieces 
of paper and cabalistic writing. Many of 
them deliberately turn their backs on the 
past by destroying secret ritual objects, 
or exposing them to the gaze of unini
tiated youths and women, for whom for
merly even a glimpse of the sacred ob
jects would have meant the severest 
penalties, even death. The belief that 
they were the chosen people is further 
reinforced by their reading of the Bible, 

140 

for the lives and customs of the people 
in the Old Testament resemble their own 
lives rather than those of the Europeans. 
In the New Testament they find the 
Apocalypse, with its prophecies of de
struction and resurrection, particularly 
attractive. 

Missions that stress the imminence of 
the Second Coming, like those of the 
Seventh Day Adventists, are often ac· 
cused of stimulating millenarian cults 
among the islanders. In reality, however, 
the ylelanesians themselves rework the 
doctrines the missionaries teach them, 
selecting from the Bible what they them
selves find particularly congenial in it. 
Such movements have occurred in areas 
where missions of quite different types 
have been dominant, from Roman Cath-
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NINIGO ISLANDS 

olic to Seventh Day Adventist. The rea
sons for the emergence of these cults, of 
course, lie far deeper in the life-expe
rience of the people. 

The economy of most of the islands is 
very backward. Native agriculture 

produces little for the world market, and 
even the European plantations and 
mines export only a few primary prod
ucts and raw materials: copra, rubber, 
gold. '\ifeJanesians are quite unable to 
understand why copra, for example, 
fetches 30 pounds sterling per ton one 
month and but 5 pounds a few months 
later. 'With no notion of the workings of 
world-commodity markets, the natives 
see only the sudden closing of planta
tions, reduced wages and unemplov-
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Dutch, German, British and Japanese rule on its Stone Age cuI· 

tures. At present the western portion is held by the Netherlands 
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but claimed by Indonesia. The southeast (Papua) and northeast 

(U.N. Trust Territory of New Guinea) are governed by Australia. 
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FISSION PRODUCTS 
NOW AVAILABLE 

For the first time, kilocurie quantities of 
long-lived radioactive fission products 
are available for your development 
work. The new Fission Products Pilot 
Plant at Oak Ridge National Labora
tory makes it possible to distribute 
these isotopes at greatly-reduced prices: 

• Cerium-144 
• Cesium-137 
• Promethium-147 
• Strontium-90 
• Technetium-99 

As the nation's principal supplier of 
isotopes, the Laboratory offers more 
than 300 radioactive and stable isotope 
products. Requests are invited for in
formation concerning compounds for 
source fabrication. Oxides, fluorides, 
chlorides, and plate sources are avail
able. Whatever your needs, we are 
ready to help you. Write to: Isotopes 
Division, Oak Ridge National Labora
tory, P.O. Box X, Oak Ridge, Tennessee. 

ISOTOPES DIVISION 
Oak Ridge National Laboratory 

Operated by 

UNION CARBIDE CORPORATION 
for the 

U.S. ATOMIC ENERGY COMMISSION 
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ment, and are inclined to attribute their 
insecurity to the whim or evil in the na
ture of individual planters. 

Such shocks have not been confined 
to the economic order. Governments, 
too, have come and gone, especially dur
ing the two world wars: German, Dutch, 
British and French administrations melt
ed overnight. Then came the Japa
nese, only to be ousted in turn largely 
by the previously unknown Americans. 
And among these Americans the Mela
nesians saw Negroes like themselves, liv
ing lives of luxury on equal terms with 
white G.l.'s. The sight of these Negroes 
seemed like a fulfillment of the old 
prophecies to many cargo cult leaders. 
Nor must we forget the sheer scale of 
this invasion. Around a million U. S. 
troops passed through the Admiralty 

Islands, completely swamping the in
habitants. It was a world of meaning
less and chaotic changes, in which any
thing was possible. New ideas were im
ported and given local twists. Thus in 
the Loyalty Islands people expected the 
French Communist Party to bring the 
millennium. There is no real evidence, 
however, of any Communist influence in 
these movements, despite the rather hys
terical belief among Solomon Island 
planters that the name of the local 
"Masinga Rule" movement was derived 
from the word "Marxian"! In reality the 
name comes from a Solomon Island 
tongue, and means 'brotherhood." 

Europeans who have witnessed out'
breaks inspired by the cargo cults are 
usually at a loss to understand what they 
behold. The islanders throwaway their 

60 BUKA MOVEMENTS NORTHERN SOLOMON ISLANDS 1913-1935 

61 BOUGAINVILLE MOVEMENT NORTHERN SOLOMON I SLANDS 1935-1939 

62 MAASINA (MARCHING) RULE MALA I TA, SOLOMON ISLANDS 1945-1958 

63 CHAIR AND RULE CULT MALA ITA, SOLOMON ISLANDS 1935 

a MYTH OF THE RETURN OF THE DEAD 

b REVIVAL OR MODIFICATION OF 

PAGANISM 

c INTRODUCTION OF CHRISTIAN 

ELEMENTS 

d CARGO MYTH 

e BELIEF THAT NEGROES WILL 

BECOME WHITE MEN AND 

VICE VERSA 

155 

10 

155 

f BELIEF IN A COMING MESSIAH 

g ATTEMPTS TO RESTORE NATIVE 

POLITICAL AND ECONOMIC 

CONTROL 

It THREATS AND VIOLENCE AGAINST 

WHITE MEN 

UNION OF TRADITIONALLY 

SEPARATE AND UNFRIENDLY 

GROUPS 

16C 

160 

10 

SOLOMON ISLANDS, administered by Australia and Great Britain, are another center of 

cargo cults, some caused by the cataclysmic impact of World War II. The data contained 

in these maps and tables, prepared by the author and Jean Guiart of the Ecole des Hautes 

Etudes in Paris, are not a complete list of cargo cults. Many dates are only approximate. 
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PH I LCO IS PEOPLE 
From advanced research and development to mass production, instaIJation and servicing of 
countless electronic products and systems, Philco is people. Here is a closely integrated 
organization of scientists, engineers, instaIJation and service specialists, ready to meet any 
chaIJenge for creation of military, industrial and consumer electronics systems. 

PH I LCO IS FACILITIES 
To assist this outstanding organization of skiIJed and dedicated people, Philco has 
amassed millions of doIJars worth of intricate equipment in plants and laboratories 
from coast to coast. Philco facilities include: the world's most advanced research labs; 
environmental test facilities; speciaIJy equipped design and engineering labs, plus 
prototype and model shops; and the most advanced mass production facilities. 

PHILCO IS CAPACITV 

At Philco the world of tomorrow is NOW! Here are human resources, plus 
ultra-modern facilities, plus tremendous accumulated experience in research and 
development. Here too, are unlimited career opportunities in the fields of 
missiles and guidance, weapons systems, All-Transistor computers, infra-red, 
advanced radar techniques and communications systems. At Philco, versatility 
is the key to tremendous capacity in advanced technology. Make Philco your 
prime source for prime contracts from development to delivery. 

PHILCQ 
GOVERNMENT & INDUSTRIAL DIVISION 

4700 Wissahickon Avenue 

Philadelphia 44, Pennsylvania 
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DID YOU 
SPOT THIS PAINTING 

IN BUSINESS WEEK? 
It is an illustration used in one of a series of advertise

ments in which ��w makes a quiet plea on behalf 

of quality ball and roller bearings. The advertisement 

that featured the painting above carried the headline 

"Parts Determine Unit Costs". The accompanying body 

text tells of how the selection of the right bearing can 

directly effect a product's profit picture. It is a particu

larly timely message in these days of ever-narrowing 

profit margins. It could be of decided value to you 

especially if the products you build-or buy-use ball 

or roller bearings. SA7849 

EVERY TYPE-EVERY USE 
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money, break their most sacred taboos, 
abandon their gardens and destroy their 
precious livestock; they indulge in sex
ual license or, alternatively, rigidly sepa
rate men from women in huge com
munal establishments. Sometimes they 
spend days sitting gazing at the horizon 
for a glimpse of the long-awaited ship or 

airplane; sometimes they dance, pray 
and sing in mass congregations, be
coming possessed and "speaking with 
tongues ." 

Observers have not hesitated to use 
such words as "madness," "mania," and 
"irrationality" to characterize the cults. 
But the cults reflect quite logical and 

64 MAMARA MOVEMENT (NAKED CULT) WEST-CENTRAL ESPIRITU SANTO, 
NEW HEBRIDES 1945-1951 

6S ATORI INCIDENT SOUTH ESPIRITU SANTO, NEW HEBRIDES 1945 
66 RONGOFURO AFFAIR SOUTH ESPIRITU SANTO, NEW HEBRIDES 1914-1923 
67 AVA-AVU INCIDENT SOUTH-CENTRAL ESPIRITU SANTO, NEW HEBRIDES 1937 
68 MALE KULA NATIVE COMPANY CENTRAL NEW HEBRIDES 1950 
69 BULE INCIDENT MELSISI, PENTECOST, NEW HEBRIDES 1947 
70 JOHN FRUM MOVEMENT TANNA, NEW HEBRIDES 1938-1958 
71 PWAGAC INCIDENT NORTHERN NEW CALEDONIA 1941 
72 "COMMUNIST PARTY" LlFU, NEW CALEDONIA 1947 

a MYTH OF THE RETURN OF THE DEAD 

b REVIVAL OR MODIFICATION OF 

PAGANISM 

c INTRODUCTION OF CHRISTIAN 

ELEMENTS 

d CARGO MYTH 

e BELIEF THAT NEGROES WILL 

BECOME WHITE MEN AND 

VICE VERSA 

7Jrl 

, 

f BELIEF IN A COMING MESSIAH 

g ATIEMPTS TO RESTORE NATIVE 

POLITICAL AND ECONOMIC 

CONTROL 

It THREATS AND VIOLENCE AGAINST 

WHITE MEN 

UNION OF TRADITIONALLY 

SEPARATE AND UNFRIENDLY 

GROUPS 

d68 
69d (.,68d 

�o� 
bdtjhi70 <> 

bdt/hifii 

72d 

NEW HEBRIDES AND NEW CALEDONIA are, respectively, Anglo-French and French 
possessions. One New Caledonian cult placed Messianic hopes in the Communist Party. 

KENNAMETAL * 

components help valve 
a 646-mph flow! 

Builders of chemical equipment must 
frequently find components with un
usual service properties. 

When the Manton-Gaulin Mfg. Co., 
Inc_, of Everett, Mass., designed and 
built this Sub-Micron Disperser Valve, 
they encountered a problem. 

The solid-fluid dispersion materials 
must move through the valve at almost 
supersonic speeds. Components in the 

path of the flow are exposed to severe 

erosion and abrasion . . .  plus corrosive 

action in some applications. 
The company found that Kennametal 

tungsten carbides provide the necessary 
properties to stand up against such 
destructive forces. Vulnerable parts are 
being made of Kennametal as they have 
proven to be the most economical solu
tion to the service-maintenance problem. 

If at any time you need materials 
with unusual resistance to erosion, 
abrasion, or corrosion . . .  materials 
that can retain normal properties under 
prolonged exposures at 2200°F and 
above; materials with rigidity three 
times greater than the hardest steel, it 
will pay you to investigate the con
tribution Kennametal compositions are 
making in scores of varied applications. 
Just write: KENNAMETAL INC_, Dept. 
SA, Latrobe, Pennsylvania_ 
*Trademark 3121 
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A NEW FRONTIER 
AT CORNELL AERONAUTICAL LABORATORY 

Currently under study at CA.L. is a unique non-biological system capable, 

without human assistance, of absorbing, identifying, classifying, memoriz

ing and utilizing data co form concepts. Extending the basic theory of the 

Perceptron and exploring its porentialities is a currenr CA.L. research 

project. We seek co advance and enlarge scientific and engineering knowl

edge in the area of arrificial intelligence. It is a goal that requires imagina

tive men motivated by an urge co breach barriers. To qualified people, we 

offer participation in advancing this exciting new field in a climate con

ducive co personal progress and ready recognition of individual conrribu

tions and attainments. 

CORNELL AERONAUTICAL LABORATORY. INC. of Cornell University 

WRITE F OR FREE REPORT 

The story behind Cornell Aeronau .. 

tical laboratory and its contribu .. 
tions to aeronautical progress is 
told in a 32-page report, "·A 
Community of Science." Whether 

you ore interested in C.A.t. as a 
place to work or to watch, you will 
rfind HA Community of Science" 

both useful and pertinent. Moil the 
coupon now for your free copy. 

r .l.S. Ruch p 
CORNELL AERONAUTICAL LABORATORY. INC. 1 Buffalo 21, New York 

Please send me "A Community of Science." 

Name 

Street 

City Zone State 

I 
,I 
1 
1 
I 
1 

I 
I 
1 
1 
L o Please Include employment information 

____ J 
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rational attempts to make sense out of 
a social order that appears senseless 
and chaotic. Given the ignorance of the 
Melanesians about the wider European 
society, its economic organization and 
its highly developed technology, their 
reactions form a consistent and un
derstandable pattern. They wrap up all 
their yearning and hope in an amalgam 
that combines the best counsel they can 
find in Christianity and their native be
lief. If the world is soon to end, garden
ing or fishing is unnecessary; everything 
will be provided. If the Melanesians are 
to be part of a much wider order, the 
taboos that prescribe their social conduct 
must now be lifted or broken in a newly 
prescribed way. 

Of course the cargo never comes. The 
cults nonetheless live on. If the millen
nium does not arrive on schedule, then 
perhaps there is some failure in the 
magic, some error in the ritual. New 
breakaway groups organize around 
"purer" faith and ritual. The cult rarely 
disappears, so long as the social situa
tion which brings it into being persists. 

� this point it should be observed that 
cults of this general kind are not 

peculiar to Melanesia. Men who feel 
themselves oppressed and deceived have 
always been ready to pour their hopes 
and fears, their aspirations and frustra
tions, into dreams of a millennium to 
come or of a golden age to return. All 
parts of the world have had their coun
terparts of the cargo cults, from the 
American Indian ghost dance to the 
communist-millenarist "reign of the 
saints" in Munster during the Reforma
tion, from medieval European apoca
lyptic cults to African "witch-finding" 
movements and Chinese Buddhist here
sies. In some situations men have been 
content to wait and pray; in others they 
have sought to hasten the day by using 
their strong right arms to do the Lord's 
work. And always the cults serve to 
bring together scattered groups, notably 
the peasants and urban plebeians of 
agrarian societies and the peoples of 
"stateless" societies where the cult unites 
separate (and often hostile) villages, 
clans and tribes into a wider religio
political unity. 

Once the people begin to develop 
secular political organizations, however, 
the sects tend to lose their importance as 
vehicles of protest. They begin to rele
gate the Second Coming to the distant 
future or to the next world. In Melanesia 
ordinary political bodies, trade unions 
and native councils are becoming the 
normal media through which the island
ers express their aspirations. In recent 
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WHEN YOU WANT TO TOUCH 
THE UNTOUCHABLE 

You may design manipulators for radioactive materials ... 

control devices for corrosive chemicals ... laboratory equip

ment for research on deadly viruses. Whatever- you design, 

if it calls for precision instrument ball bearings, Fafnir 

can help you. Low torque, for example, is insured through 

Fafnir's balanced bearing and retainer design, extreme 

accuracy in geometry of parts, superior finishes, and "clean 

room" assembly. Let Fafnir's uniformly high standards of 

quality plus diversity of types, sizes, and materials help you 
"touch the untouchable" in meeting exacting requirements. 

The Fafnir Bearing Company, New Britain, Connecticut. 

PHOTO COURTESY GENERAL ELECTRIC VA1.LECITOS ATOMIC LABORATORY 

Fafnir precision instrument ball bearings are 

available in four tolerance classes-ABEC 1, 

3, 7, and Modified 7-to meet specific needs. 
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For Low-Loss Insulation A pplications and Where Very Low Power-Factor 
is Required- 343 MICA PHENOLIC MOLDING COMPOUND 
Available in S TANDA RD GRA NU LA TIONS and also particle sizes best 

for AUTOMATIC MOLDING MA CHINES; both granulations in 

NATURAL, RED, and BLACK COLORS 
Besides theoretical considerations in designing this compound, we have 

paid particular attention to such practical considerations as: 

PREFORMABILITY. To obtain uniform density and subsequent uniform dielec
tric preheat. 

LUBRICATION. To reduce mold-sticking and fouling without impairing elec
trical qualities. 

RESIN CHARACTERISTICS. Relating to molecular weight-viscosity and set-time 
to provide dense, non-porous moldings absolutely essential for high stand
ards of reliability. 

Our technical staff is prepared to consult with you at any time about this 
electrical grade compound or any other molding material or problem. 

Plenco 343 Mica Phenolic Compound is packed only in moisture-proof drums. 

f 
C \ Q 

IF PHENOLICS CAN DO IT- �I�I I 
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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years continued economic prosperity and 
political stability have taken some of the 
edge off their despair. It now seems un
likely that any major movement along 
cargo-cult lines will recur in areas where 
the transition to secular politics has been 
made, even if the insecurity of prewar 
times returned. I would predict that the 
embryonic nationalism represented by 
cargo cults is likely in future to take 
forms familiar in the history of othel" 
countries that have moved from sub
sistence agriculture to participation in 
the world economy. 

73 TUKA MOVEMENT CENTRAL VITI LEVU, 
FIJ I 1873-1920 

74 APOLOSI MOVEMENT WEST VITI LEVU, 
FIJ I 1914-1940 

75 LUVE-NI-WAI CENTRAL VITI LEVU, 
FIJI 1880-? 

76 KELEVI SECT KADAVU, FIJ I 1945-1947 
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e BELIEF THAT NEGROES WILL 
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FIJI ISLANDS are a British colony. Al
though generally Christianized, they have 

spawned several semi-Christian cargo cults. 
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No hiding place? 
• The problems: first, to detail consequences of fallout from 
a large nuclear attack on the northeastern quarter of the 
United States; second, to measure shielding effectiveness of 
large buildings as public shelters against fallout. 

For the Office of Civil and Defense Mobilization, tech/ops 
conducted an intensive operations research study to evalu
ate effects of fallout from nuclear attack, used a large build
ing on an island in Boston harbor (and later, for the AEC, 
its new home near Washington) to measure radiation from 
cobalt sources piped through the area around the building. 
Result: new information for a practical program under 
OCDM which will minimize casualties ... another typical 
product of tech/ops' pioneering operations research and 
broad scientific research and development for industry, 
business and government. 

Technical Operations, Incorporated 
Central Research Laborat01'ies I South Avenue, Burlington, Massachusetts 
• WASHINGTON, D. C . •  MONTEREY, CALIFORNIA . FORT MONROE, VIRGINIA 

personnel requirements 

at Fort Monroe, Virginia, or Burling

ton, Massachusetts: Operations Ana· 

Iysts experienced in industrial or military 

operations research, systems analysis, 

weapons systems evaluation, computer 

techniques, or related fields; training 

should be in mathematics or physical 

sciences, preferably on graduate level. 

at Washington, D. C.: Programmers 

with sUbstantial experience in the de· 

velopment of large digital computer 

programs; background should include 

experience with design and application 

of assembly programs. compilers, and 

advanced programming concepts. 

at Monterey, California: Communica· 

tions engineer or physicist thoroughly 

familiar with the principles of radio 

transmission and communications net· 

work analysis. 

a,dd1'ess: Robe1·t L. Koller 
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� •• k� I Industry ' s  c h e m icals:  

WHAT'S MAKING NEWS? 

A revo l ution in industria l th inking has taken p lace i n  
recent yea rs. T h e  speed o f  tech nologica l  prog ress has 
made obso lete the old formula for success which de
manded only a close guard over company secrets to 
stay ahead of com petitio n .  Today's fast pace of tech no
logical developments demands, instead, that the execu
tive remain a lert and receptive for every new idea that 
may be appl ied profitably to h i s  own business. 

You may wish to check certai n  
ite m s  i n  t h i s  advertisement a n d  
forward t o  those concerned i n  
your com pony. 

Route to: 

Chemical research . . .  good medicine 
for pharmaceutical progress 

Chem ists at Dow have had a 
healthy interest in the pharma
ceutical industry for almost 70 
yea rs . Since the i ntroduction of 
the first Dow prod uct, bromine,  
Dow chem ists have hel ped meet 
the industry's g rowing demand 
for basic chemica l s  and im por
tant intermediates. New "mu lti
pu rpose" plant speeds produc
tion of experimental chem icals  
to  aid pharm aceutical progress. 

·When you hand your druggist a 
prescription, it's more than likely you're 

1 3 0  

Other 
Dow chemicals 

in the 

N EWS 
SPOTLIGHT 

also handing him an order for Dow 
chemicals. For, since Dow produced 
its first bromine in 1897, Dow chemists 
have played an increasingly important 
role as "the men behind the men 
behind the prescription counter". 

Painstaking research at Dow, in 
cooperation with leading pharmaceuti
cal houses, has led to the develop
ment of many of the intermediates 
needed for the introduction of new 
and better drugs such as antihista
mines, sulfas and antibiotics .  

Today, the imposing list of high 
quality pharmaceutical chemicals sup
plied by Dow in abundance includes 
bromine, medicinal salicylates, epsom 
salt, chloroform, analgesic drugs and 

BROM I N E  

Dow·s fi rst prod uct,  m a rketed i n  1 897. 
Great granddaddy of h u ndreds of modern 
Dow c h e m i ca l s  that serve every i n d us
trial  a n d  scientific field. 

elemental iodine. And the research 
goes on for even newer answers to 
the age-old fight against pain and 
disease .  

A new multipurpose plant a t  Dow 

is playing a front-line role in this fight. 
This new plant has been built to en
able the pharmaceutical industry to 
more fully utilize the production and 
research capabilities of The Dow 
Chemical Company. It is designed 
to produce semi-commercial quantities 
of intermediates during the critical 
period of new product development 
and market evaluation. Later, these 
products can be supplied in com
mercial quantities from regular pro
duction facilities.  

SODA ASH 

M a n u f a c t u r e r s  o f  n o n f e r r o u s  m e t a l s ,  
paper,  soa p ,  text i l e s ,  petro l e u m  prod ucts 
and count less  other products d e p e n d  on 
Dow for th i s  versat i l e  a l k a l i .  
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DOWANOL: 

I for rash-free cosmetics 
blush-free paints 

Cosmetics that irritate skin or paint 
that blushes on drying have one short
coming in common. They haven't been 
exposed to the virtues of the versatile 
solvent, Dowanol®. 

In cosmetics and hand lotions,  Dow
anol DPM offers a soothing advantage 
for manufacturers who've heard cus
tomer complaints about skin irritation. 
Skin patch tests have been conducted 
on hundreds of subjects with not one 
case of irritation or sensitization with 
this mild, modern solvent. And manu
facturers report improvement in prod
uct clarity ( even in cold weather ) 
when they use Dowanol DPM as a 

mutual solvent in their preparations. 
Other Dowanol solvents are pre

ferred in paints and fast drying lac
quers. They offer better solubility 
characteristics, a wider range of boil
ing points and viscosities. And by con
trolling the drying rate of these fin
ishes, Dowanol helps prevent "orange 
peel" or resin blushing in lacquers. 

CALCIUM CHLORIDE: 

I getting more mileage 
from highway dollars 

Most drivers have seen calcium 
chloride at work. It's given them trac
tion by melting the ice for safe winter 
driving. Or it's kept the car ahead 
from choking them in a cloud of dust 
on unpaved roads in summer. 

But ice and dust control are only 

loda y ' s  fa st-mov i n g ,  fa st- i m p roving pha rmaceut ica l  b u s i n e s s  depends to a g reat  extent on 
a ready s u pply  of pha rma ceut ica l raw mate ria l s  from bas ic  c h e m i c a l  c o m pa n ies  l i ke Dow. 

M ETHOCEL® 

T h i s  synthet ic ,  tasteless,  odorless,  color
less  gum adds bulk to d i etetic foods. 
keeps p a i n t s  in s u s p e n s i o n ,  b i n d s  back
i n g  to r u g s ,  e m u ls ifies powdered food s.  

S E PARAN® 

I n d ustr ia l  water i s  c leaner,  com i n g  a n d  
g o i n g ,  with  t h i s  f a s t  floccu l a t i n g  agent .  
Sett les  waste from process i n g  water 
before i t ' s  used a n d  after. 

Dow ca l c i u m  c h l o ride speeds hig hway con
struct ion by i m proving m i x i n g  a n d  setti ng 

cha racterist ics  of c o n c rete.  

two ways in which this versatile chem
ical helps get more service out of 
highways. In highway construction, 
engineers add calcium chloride to 
concrete to make it mix more easily, 
flow more uniformly and set faster ( days 
faster in cold weather ) .  Highway main
tenance men mix calcium chloride with 
aggregate to form safe, solid road shoul
ders that stay dust-free and in place . 

In flake or pellet form, high grade 
Dow calcium chloride helps keep high
way building on schedule and up to 
standards . . . and then improves 
highway maintenance summer and 
winter. The Highway and Construc
tion Materials Laboratory at Dow aids 
users in the proper selection and ap
plication of Dow calcium chloride for 
highway construction and maintenance . 

* * * * 
Perhaps one of the ma ny special ized 

Dow chemica l s  can help you i m p rove a 
product  o r  speed a p rocess.  Deta i l ed 
i nformation a b o u t  the chemica l s  d i s 
c u ssed·  i n  this  adve rti sement  wi l l  b e  
sent  o n  requ est. W rite to T H E  DOW CHEM
ICAL COMPANY, M i d l a n d ,  Michigan, Chem
i c a l s  S a l e s  Depa rtment 60 1 EQ5. 

Dow (hemi(als basic to industry 
GLYCOLS, GLYC O l  E T H E RS 

AMI N E S  A N D  A L KY l E N E  O X I D E S  

B E N Z E N E  D E R I VAT I V E S  

I N O RGAN I C  C H L O R I D ES 

A L KA L I ES A N D  H A L O G E N S  

S O L V ENTS • G E R M I C I DES 

F U NG I C I D E S  • H E R B I C I DES 

F U M I GANTS 

H U N D R E D S  O F  OTH E R  C H E M I C A L S  

PLAST I C S  • MAGN E S I U M  

1 3 1  
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Tissues from Dissociated Cells 
An embl:yonic tissue can be broken ap art into its constituent 

cells. Then, under appropriate conditions, the separated cells 

reasselnble into a tiss'ue silnilar to that frOln which the.r came 

Usually it is easier to take some
thing apart than to put it back 
together again. But we must per

form both operations successfully if we 
want to know what makes a thing tick. 
Thus, by analysis and synthesis, the 
physical sciences have shown that mat
ter consists of molecules and atoms, and 
have resolved the laws governing the 
interactions by which these elementary 
bodies combine to produce the diversity 
of substances in the physical world. In 
the life sciences our understanding is 
not nearly so far advanced. The cell was 
long ago established as the basic unit 
of living forms. But the cell is an im
mensely complex elementary body; its 
integration in tissues is as much a mat
ter of behavior as of architecture. Until 
recently it has not been at all eas), to 
dissociate tissues into cells, much less to 
attempt the recombination of cells into 
tissues. Thanks to new experimental 
techniques, however, the dual process 
of analysis and synthesis now promises 
to reveal important information about 
the laws that govern the bonding and 
interaction of cells in the development 
of the tissues of higher organisms. 

Though the synthesis of tissue from 
living cells would seem to be a remotely 
futuristic project, its feasibility was fore
shadowed as early as the turn of the cen
tur), in the remarkable outcome of an 
experiment performed by Henry V. Wil
son of the Universit), of North Carolina. 
Wilson was investigating the growth and 
regeneration of marine sponges. W'hen 
a sponge is cut up into minute fragments, 
each fragment grows and develops into 
a complete individual. He decided to see 
what would happen in the extreme situ
ation of the dissociation of sponge tissue 
into its smallest viable fragments: the 
individual cells. By pressing live sponges 
through a finely woven cloth into sea 

132 

by A. A. Moscona 

water, he obtained a dense suspension 
of cells. The events that followed turned 
this simple stratagem into a classic ex
periment. Like crystals precipitating out 
of a solution, the cells condensed into 
clusters that soon organized into tissues 
and eventually developed into complete 
sponges! 

Unfortunately the implications of this 
experiment went unexplored for years. It 
was almost taken for granted that such 
a drastic procedure would work only 
with primitive creatures like sponges, 

which resemble colonies of cells rather 
than true multicelled organisms. Biolo
gists doubted that the highly integrated 
and specialized tissues of vertebrates, 
for example, could be so easily taken 
apart and reassembled. 

Such doubts began to be dispelled in 
the 1940s, when Johannes Holtfreter of 
the University of Rochester succeeded 
in breaking down the tissues of early 
amphibian embryos into cells by treating 
them with a mild alkali. When he heaped 
the cells together in a mass, they co-

KIDNEY TISSUE from a chick embryo consists of several types of cells organized into 

tubules (seen in cut section in the /irst photograph). Treatment with enzymes breaks the 
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alesced and reconstituted the tvpe of 
tissue from which they had come. Thus 
the cells of vertebrates, albeit from lowlv 
members of the order and very young 
embrvos, could be freed of their original 
affiliations and made to recombine into 
tissues. The repetition of such experi
ments with the tissues of higher verte
brates was now only a matter of time. 

The tissues of a chick, a mouse or a 
man, however, require much more 

careful handling than the relatively 
sturdy and nutritionally quite indepen
dent amphibian material. Honor B. Fell 
of the University of Cambridge had al
ready developed a culture system that 
made it possible to grow tissues outside 
the body; this technique seemed ade
quate for the culturing of dissociated 
cells. A more difficult objective was the 
dissociation of the cells. This called for 
the dissolution of the viscous cement 
that binds vertebrate cells together in 
tissue structures. The active ingredients 
of this cement are sugar-bond mucopro
teins which are somehow stabilized by 
calcium. E. N. Willmer of the University 
of Cambridge and other investigators 
had suggested that certain enzymes 
which digest proteins might dissolve the 
intercellular cement. Trypsin, an en-

zyme secreted by the pancreas, is such 
an enzyme, but in low concentrations 
it does not digest living cells. According
ly in 19.52 I treated fragments of mouse 
and chick tissues briefly with a calcium
removing agent and then placed them in 
a weak solution of trypsin. The enzyme 
loosened the cement, and the cells fell 
apart from each other. In the place of a 
compact, highly organized tissue, there 
were now scattered, individual living 
cells. 

Not all tissues disintegrate so easily. 
Some require the use of enzymes other 
than trvpsin, and in some cases a battery 
of enzymes and other substances must 
be employed, each affecting a different 
component of the cement. Some tissues, 
however, break down simply upon the 
removal of calcium from the intercellu
lar cement. By such chemical microdis
section techniques a variety of tissues 
and even whole embryonic organs such 
as liver, kidnev, heart and limb buds may 
be disassembled into living cells. 

Can the dispersed cells of a disso
ciated tissue �ontinue their normal de
velopment in the solitary state? The an
swer depends largely upon the type of 
cell and the stage of embryonic develop
ment at which the tissue is disrupted. 
Some cells are strong "individualists," 

, 

and bevond a certain point do not de
pend upon the cellular community for 
stimulation and regulation of their 
growth. Separated muscle-forming cells, 
for instance, can develop into striated
muscle fibers that contract upon stimu
lation just as cells do in the intact tissue. 
Individual nerve cells, able to conduct 
electric impulses in a typical way, can 
arise from separated nerve-forming cells. 
On the other hand, most embryonic cells 
are unable to proceed with their normal 
course of development when isolated 
from each other; they may proliferate, 
but thev lose their characteristic appear
ance in a short time. The kidney, for ex
ample, has a complex tubular structure 
that graduallv arises during embryonic 
development; the arrangement of the 
specialized cells that compose each tubu
lar element is the outcome of a highly 
complicated, closely synchronized series 
of events. vVhen kidney tissue is disso
ciated into cells, this organization is dis
rupted; the processes that set it up are 
voided. The cells are still kidney cells, 
but they cannot properly display their 
characteristics outside the multicellular 
environment. 

If such cells are dissociated, can thev 
reassemble themselves into an organized 
and functionally effective group? In 

tissue apart into individual living cells (second photograph). 

Under appropriate conditions the cells come together in masses 

within which they become organized into typical kidney structures. 

The third photograph shows a cut section of one tissue mass. 
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the 
LIGHT 
AND 
ACCURATE 

ACCELEROMETER 
... only three ounces in weight, 

this rugged unit has 0.5% linearity 

to half range, 2% to full range. 

CONSTANT· 
DAMPED 

the 

• • .  requiring NO HEATERS, 
with compensated damping 

0.5 ± 0.1 from 

-45°F to +230°F. 

AP·Sl SPRING· 
RESTRAINED 
PENDULOUS 

ACCELEROMETER 
... input ranges, full scale, 

±2.5 to 1000 G's. Full scale 

output 7v at 400 cps excitation. 

Resolution 0.01 % of full scale. 

ENVIRONMENTALLY 
QUALIFIED 

the 
lightness you need and the accuracy 

you've been seeking • . .  in the AP-S1 

ACCELEROMETER 
For full information, write AMERICAN. 

STANDARD·, MILITARY PRODUCTS DIVISION 

100 Morse Street, Norwood, Mass . 

·�IIUCA!I·.$t.nolard and .$!anolard ® are <rademarks of 
American Radiator & Standard Sanitary Corporation. 
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other words, can the progressive devel
opment of tissues in the embryo be simu
lated by a short-cut reconstruction from 
individual "prefabricated" cells? In 
many cases it can. 

The reconstruction of tissue out of the 
chaos of the cell suspension proceeds 

in a characteristic way. When embryonic 
kidney tissue is dissociated, for example, 
the cells can be seen actively moving 
about on the floor of the culture vessel; 
at the same time they lay down a deli-

cate film composed of a material chemi
cally related to the intercellular cement. 
The precise role of this film is problemat
ical. It may represent a defensive reac
tion of the denuded cells to the culture 
environment. On the other hand, since 
it provides a loose interconnection be
tween the cells, it may serve to orient 
their movements. When the cells meet, 
they may skirt each other; or, if they are 
of mutually acceptable types, they re
main in contact, gradually forming small 
clusters. Frequently chains of cells con-

';_': ' j1 
• (�'f'1 

. I i 

' � :"1 " .. 1 

DISSOCIATED CELLS settle out of suspension and begin to gather in clusters (top left 

lind right). With further aggregation the clusters enlarge into compact rounded masses 

(bot.tom left lind right). The cells shown bere were obtained from embryonic kidney tissue. 
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KNOW-HOW 
PLUS SHOW· HOW 

Pioneer of controlled atmosphere 
heat treating, and developer of the 
first electric furnace for stainless 
steel brazing ... Hayes today offers 
you one of the most extensive lines 
of furnaces and atmosphere gener-
ators for all types of metal bonding 
operations. 

Hayes "KNOW-HOW" provides a 
customized brazing technique 
which takes into consideration 
every aspect of the job: Selection 
of alloys, placing and fixturing of 
work, choice of atmospheres, 
proper time-temperature cycles. 
Whatever the brazing application 
- from aluminum (900°F range) 
to platinum (34000P range)
Hayes "SHOW-HOW" then proves 
the technique on full production
line equipment in our lab. 

The Hayes answer to your braz
ing problem comes to you as a COIII
plete package. Our engineers pro
vide free start-up service to dupli
cate laboratory results in your plant 
... fully instruct your staff to assure 
economical, maintenance-free braz-

; 'I. ing operations. The end product: a � 
-: "Results Guaranteed" furnace-at- " 
::. mosphere combination that helps t-

:� improve your � 
� p r o du c t, i n- f! 
:t crease produc- 4\ 

� t i o n , a n d · ' 
� reduce costs .. �. 
r. Write today lifo 
"" for Bulletin f � 
_.'.. 

5711 B 
r< de s c r i b- • � in g t yp i c a l  � . l-1ii ••••• conveyor-type 
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I brazing fur-
nace. 

c. I. HAYES, INC. 
835 Wellington Avenue ' Cranston 10, R. I. 

Established 1905 

0: '" 
It pays to see Hayes for metallurgical 
guidance, lab facilities, furnaces. atmos� 
phere generators, gos/fluid dryers, 

nect the clmters, and free cells colliding 
with the cellular bridges are directed by 
them, as if bv guiding rails, toward the 
growing clusters. Later on the bridges 
may contract and draw the clusters to
gether so that they merge into larger 
masses. In less than 24 hours a suspen-

� 
,. • 

... 

sion of dispersed cells has formed ag
gregates visible to the naked eye. 

There now begins another phase of 
activity that is even more puzzling. The 
cells in the clusters organize themselves 
into recognizable tissue patterns, each 
type of cell taking its proper place in 

: 

AGGREGATING CELLS are shown at an early stage of clustering at top. Small clusters 

frequently become interconnected by chains of cells, as in the middle photograph. Loose 

cells collide with these chains and move along them toward the growing clusters (bottom). 

A COTTON FIBER placed in a culture of aggregating cells acts as an artificial intercon

nection between clumps. Like cell chains, it may guide migrating cells toward clumps. 
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ENGINEERS AND SCIENTISTS 

FOR COMPLETE 

SPACE AND WEAPONS SYSTEMS 

Rarely does a corporation of United Aircraft's stature 

make available such key positions. Ordinarily these 

openings would be filled from within, but as the other 

divisions (Pratt & Whitney, Sikorsky, Hamilton 

Standard, Norden) cannot spare additional valuable 

staff men, these openings must be filled from the 

outside. You will work beyond ordinary boundaries on 

MISSILE AND SPACE PRO.JECTS 

U nu sual, infrequently offered, high level positions for: 

ELECTRONIC ENGINEERS 
AERONAUTICAL ENGINEERS 

MECHANICAL ENGINEERS 
PHYSICISTS 

Please reply to Mr. John North, Engineering Dept, 

MISSILES & SPACE SYSTEMS 

A Division of 

·UNITED AIRCRAFT CORP. 

433 Main Street, East Hartford, Conn. 
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RCA FHOTOELECTRONICS 

beams a vvhole nevv light 

on your engineering future 

As RCA photosensitive devices work new and ever more amazing 

wonders with light ... further dark corners in science and tech

nology loom ahead awaiting exploration by RCA engineers. 

Yours could be one of the many engrossing careers to be built 

in RCA tube design, development and manufacturing. 

Mechanical, Electrical Engineers-For Design, Development, 

and Manufacture of electron tubes. Special emphasis on tube 

fabrication processes and circuitry. B.S. or M.S. degree desired. 

Physicists and Physical Che111ists-Specialists in fields of 
solid-state (high-temperature phenomena, photosensitive mate

rials, glass technology) , instrumental analysis, radioactive tracing 
techniques and electron optics. B.S., M.S. or Ph.D. degree. 

Lancaster ... Ideal Career Location-You'll find in growth

minded Lancaster all of a college town's unique cultural advan

tages. Philadelphia is only two hours away. There's a real 

satisfaction in the professional atmosphere of RCA's modern 

Lancaster plant .. . plus planned advancement, liberal benefits, 
tuition refunds for advanced study. RCA pays interview and 

relocation expenses. 

To arrange confidential interview, contact: Mr. E. F. Stevens, 

Manager, Employment, Radio Corporation of America, 
New Holland Pike, Lancaster, Penna., Attention Dept. G-13E. 
Or phone: EXpress 0-3661. 

Tomorrow is here today 
at RCA _ RADIO 

� 
CORPORATION 0' AMERICA 

ELECTRON TUBE DIVISION 
LANCASTER, PA. 

the emerging organization. Aggregated 
kidney cells form intricate tubules that 
resemble normal kidney tubules, and 
soon exhibit secretory activity. Cells 
from limb buds form lumps of cartilage 
surrounded by muscle tissue; liver cells 
reassemble in structures resembling the 
functional lobules of the intact organ, 
and begin to accumulate glycogen; dis
sociated heart cells coalesce into rhyth
mically contracting tissue. Paul Weiss of 

UNIFORMLY SIZED CLUMPS appear 

when cell suspensions have been spun slow· 

lyon a revolving plate. Differences in size 

in these 24-hour aggregates were induced by 
slight differences in the snspending fluid. 

The rate of spinning also controls size. 
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the Rockefeller Institute has described 
a spectacular case in which clumped 
cells of embryonic chick skin not only 
formed skin but also produced the pre
cursor structures of feathers. 

An especially remarkable aspect of 
this process is the way the various types 
of cell that make up a given organ re
establish their functional relationship to 
one another. A cell suspension derived 
from a whole organ contains a variety 
of cells, each with its specific structure 
and function. They nonetheless sort 
themselves out, type by type, and take 
their assigned places in the reorganized 
structure. It occurred to us to ask what 
would happen if we mixed together the 
several varieties of cell from one organ 
with the cells from another unrelated 
tissue. Would they form chaotic con
glomerates with no resemblance to any 
of the original tissues, or would they 
somehow arrange themselves into recog
nizable tissue patterns? 

We intermingled dissociated cells 
from kidney-forming tissue and from 
cartilage-forming tissue in the same sus
pension. At first the cells coalesced in 
quite randomly mixed aggregates of 
cells from both organs, with no sign of 
internal pattern. Within the clumps, 
however, the cells moved about actively. 
In less than a day the clusters had 
changed remarkably, becoming subdi
vided into regions having the pattern of 
cartilage tissue and regions of kidney 
tissue. Like parts of an animated jigsaw 
puzzle, the cells appeared to have be
come reshuffled and sorted out in accord 
with their original identities, fitting 
themselves into patterns that replicated 
the tissues from which they came. We 
subjected the tissues of other combina
tions of organs to the same test. In every 
case the initial random clustering gave 
way to a selective regrouping of cells 
according to tissue types, followed by 
the resumption of characteristic develop
ment. It was as if the cells recognized 
their own kind and remembered their 
proper arrangement, undistracted by the 
proximity of other cells that were en
gaged simultaneously in orgamzmg 
themselves along different lines. 

These observations suggested that cer-
tain properties of each cell must 

serve as cues to others, inducing similar 
cells to join in association with it and 
causing dissimilar cells to separate from 
it. The information at hand was, how
ever, clearly not sufficient to justify such 
generalization. We needed to design an 
experiment in which .we could trace the 
activities of various cell types and ob
serve the constancy with which they 

RUBBER THAT TAKES A 

350 F PINCH 

The rubber·covered pinch rolls used in 
a vinyl sheet laminating machine had 
to be changed every two weeks. The 
3500 F. operating temperature and high 
pressure caused the rubber to crack, 
become hard and glazed, making fre· 
quent regrindings necessary. After a few 
regrindings the rolls had to be com
pletely resurfaced. Since the press was 
in operation around the clock, these de· 
lays were costly. 

The Silicones Man suggested a 
springy, heat·resistant silicone rubber 
be used to surface the hard · working 
rolls. This was done ... and the rolls 
are now giving full·time,profitable serv
ice. There hasn't been a shutdown for 
renewal after more than eight months. 

The delighted manager of the lami· 
nating plant says the silicone rubber re
sists hardening, cracking, glazing, and 
oxidation ... unlike the old 
type of rubber surfacing. And 
it's saving his company con-

The term "Union Carbide" is a registered 
trade-mark of Union Carbide Corporation. 

siderable money, despite the higher 
cost of the silicone rubber. 

NEW WRINKLE IN 

ANTI-WRINKLE PROCESSING 

Chemical treatment of wearing apparel 
to make it hold creases and resist wrin· 
kling also brought wrinkles to the brows 
of processors. In many cases, the resins 
used to make a fabric crush·proof also 
made the fabric too stiff and harsh feel· 
ing. However, many of the softeners 
available created an additional problem. 
Crush·proof fabrics so treated tended to 
pick up soil during laundering. 

To help resolve this situation, UNION 
CARBIDE developed a silicone emulsion 
softener that works well with stiffeners, 
giving fabrics a better hand and elimi· 
nating the tendency of wet cloth to pick 
up or retain soil. The silicone emulsion 
is not harmed by chlorine, doesn't yel· 
low with age, and won't water spot. 

Other advantages of the new silicone 
emulsion lie in its ability to provide 
fabrics with greater durability and tear 
strength, better abrasion resistance, and 
non·scorching properties. 

FAST, ACCURATE CONTROL 

OF FOAMING SYSTEMS 

Undesirable foaming can easily be con· 
trolled with a new silicone antifoam 
fluid, now being offered to processors 
by UNION CARBIDE. Only a few parts 
per million of the antifoam, called SAG, 
are needed in many systems to assure 
complete quiescence. Processing time 
is considerably reduced, providing 
fuller utilization of production capacity. 

Silicone anti foam fluid can be used 
full strength, or dispersed with a sol· 
vent, or pre· blended with a foaming 
component. For aqueous solutions, it 
may be introduced by first mixing with 
a water·miscible solvent. An example of 
this application is in reducing the foam. 
ing in brackish water used for boiler feed. 

Its chemical inertness and oxidation 
resistance extend the effectiveness of 
silicone antifoam over long periods. 
Since it is low in volatility, the anti· 
foam works well at elevated tempera
tures. It is not irritating to the skin of 
those who work with it. 

The Silicones Man is accustomed to 
helping solve problems like these . • •  

and he may be able to help you, too. 
For background information on these 
and other applications, write Dept. EF-
0902, Silicones Division, Union Carbide 
Corporation, 30 East 42nd Street, New 
York 17, N. Y. 

SILICONES 
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A new approach to 

Single-Sideband radio by 

Stromberg-Carlson ... 

. . . greater power output, 

less power input 

with a smaller volume. 

The SC-900A digit-tuned 
Single -.Sideband transceiver 
marks a significant advance 
in the state of the art. 

The SC-900A is designed 
for both vehicular and 
fixed point-to-point 
communications- adaptable 
to rack mounting and 
back-pack-meets full 
military requirements. 

Provides 28,000 stabilized 
channels from 2 to 30 
megacycles, with a 
transmitted peak 
envelope power 
output of 100 watts. 

Receive input 
power: 50 watts. 
A verage transmit 
input power for 
voice: 150 watts. 

Available soon. 

III 

joined others of their kind. To this end 
we mixed dissociated cells from the same 
organ but from two different organisms: 
the embryos of a mouse and of a chick. 
The cells of these animals differ marked
ly in size and staining properties, and are 
therefore easily distinguishable and 
identifiable. Would the cells associate 
according to animal or according to or
gan? The basic assumption was that the 
"cues" that guide embryonic cells in 
tissue-forming actions are essentially the 
same in different, even unrelated, organ
isms. In other words, chick cartilage
forming cells intermingled with mouse 
cartilage-forming cells should "recog
nize" the underlying similarity of their 
formative destinations and, in spite of 
their diverse origins, cooperate to form 
a uniform, bispecific tissue. To our ad-

mitted surprise, the first experiment 
along these lines confirmed the assump
tion. Intermingled chick and mouse car
tilage-forming cells produced a common 
mosaic cartilage. Within it cells of both 
species were equally dispersed and close
ly bound by a common matrix in a man
ner typical for this tissue. Such "hybrid" 
tissues also formed from combinations of 
liver cells and kidney cells from the em
bryos of chicks and mice. 

The next step was to ascertain wheth
er, in line with our previous findings, 
cells from different organs as well as from 
different organisms would sort them
selves out in accordance with their dif
ferent formative cues. Mouse cartilage
forming cells were combined with chick 
kidney-forming cells; it was indeed 
found that mouse cells grouped together 

SMALL MASSES OF CARTILAGE TISSUE have been reconstructed from dissociated 

cartilage.forming cells which reaggregated. These cells were obtained from a chick embryo. 

INTERMINGLED CELLS from kidney.forming tissne and cartilage·forming tissue of 

chick embryo produced mixed aggregates in which the cells grouped themselves by type. 

The kidney cells formed tubules (rings of darker cells); the others formed cartilage. 
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and reconstructed cartilage, while the 
chick cells became organized in tubules. 

Such mixtures of cells from the em
bryos of two different species are now 
helping in the study of other knotty 
problems of growth. Charles E. Wilde, 
Jr., of the University of Pennsylvania 
has applied it to the controversial ques
tion of muscle formation. Embryologists 
had long debated whether large muscle 
fibers having many cell nuclei are formed 
by the merging of individual muscle
forming cells or by the rapid subdivision 
of a single cell. Wilde found that muscle 

fibers which develop in a mixed culture 
of mouse and chick muscle-forming cells 
are made up of cells of both species. This 
indicates that the fibers form from the 
merger of two or more cells, although it 
does not exclude the possibility of other 
mechanisms in muscle formation. 

Clifford Grobstein, now at Stanford 
University, employed interspecific cul
tures to investigate the formation of the 
kidney in mouse embryos. He had found 
in earlier experiments that the very 
young kidney-forming rudiment of a 
mouse embryo would not develop if it 

MOUSE-CHICK TISSUE in which the cells of both species are freely intermingled results 

from mixtures of dissociated cells of corresponding organs. At top is mouse-chick liver 
tissue; in middle, mouse-chick cartilage. Mouse cells have larger, darker-staining nllclei 

than chick cells. At bottom, less magnified, is an aggregate of monse-cartilage cells and 

chick-kidney cells. Coming from dissimilar organs, the cells separated according to type. 
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fLIGHT DATA and 
CONTROL 

ENGINEERS 
Cross new frontiers in system 

electronics at The Garrett Corpo-
ration. 

High-level assignments in the de
sign and development of system elec

trOllies are available for engineers in 
the following specialties: 

I. ELECTRONIC AND FLIGHT DATA 
SYSTEMS AND CONTROLS A wide 

c hoice of opportunities exists for 

c reative R&D engineers having 

specialized experience with control 

devices such as: transducers, flight data 

computers, Mach sensors, servo-mech

anisms, circuit and analog computer 

designs utilizing transistors, magamps 

and vacuum tubes. 

2. S E R V 0 - M E C H A N  I S M S A N D 
ELECTRO-MAGNETICS Requires engi

neers with experience or academic train

ing in the advanced design, development 

and application of magamp inductors and 

transformers. 

3. FLIGHT INSTRUMENTS AND TRANS
DUCERS 
1) DESIGN ANALYSIS Requires engineers 

capable of performance analysis 

throughout preliminary design with 

ability to prepare and coordinate re

lated proposals. 

2) DEVElOPMENT Requires engineers 

skilled with the analysis and synthesis 

of dynamic systems including design 

of miniature mechanisms in which low 

friction freedom from vibration 

effects and compensation of thermo 

expansion are important. 

4. PROPOSAL AND QUAL TEST 
E N GI NEER For s pe c i fi c a t i o n  

review, proposal a n d  qual test 

analysis and report writing assign

ments. Three years electronic, 

electrical or mechanical experi

ence required. 

C_POAATION 
9851 S. Sepulveda Blvd. 

Los Angeles 45, Calif. 

DIVISIONS, 

turing-LOS Angeles 

A'Research Manufac . 

I AiResearch Manufacturing:-
PhOeniX 

AiResearch Industnal 

Air Cruisers· Airsupply 

Aero Engineering 
. 

AiResearch Aviation Service 
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The AiResearch Centralized Air Data 
Computing System will sense, measure 
and automatically correct for air 
parameters affecting flight of the North 
American-Air Force F-108 Interceptor 
and will supply simplified air data to 
the pilot. Eliminating duplication of 
components, the system will cut down 
space and weight requirements over 
decentralized systems by many times_ 

The centralized combination of 
transducers, computers and indicators 

THE 

latest data 
control concepts 

for missile and 
undersea applications 

represents an integrated system con
cept combining electrical, electronic, 
pneumatic, hydraulic, electro-mechan
ical and mechanical servo capabilities_ 
Technical experience in each of these 
fields enables AiResearch to achieve 
optimized systems covering a wide 
range of functions while meeting the 
most rigid specifications_ Systems man
agement is an integral part of each 
Central Air Data program enabling 
AiResearch to assume the overall re-

sponsibility for systems or subsystems_ 
The first fully optimized central air 

data system is .. already operational 
aboard the Navy's supersonic F4H-l, 
the first aircraft to fly with such a 
system_ Similar equipment is on the 
Navy's first weapon system, the A3] 
"Vigilante_" This broad AiResearch 
systems capability is now being ap
plied in the fields of military aircraft, 
commercial jet transports, missiles 
and submarines. 

CO.PO.A .... ON 

tliResearch Manufacturing Divisions 
Los Angeles 45, California · Phoenix, Arizona 

Systems, Packages and Components for: AI RC RA FT. MISS I LE. ELECT RON I C. N UC LEAR AN DIN DU ST R I A LAP PLICA TI ON 5 
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was isolated in a tissue culture, but that 
it could be stimulated to form tubules 
in the presence of fragments of mouse 
spinal cord or even bits of spinal cord 
from a chick. Together with Robert 
Auerbach, Crobstein prepared cell sus
pensions in which cells from the kidney
forming rudiments of a mouse embryo 
were mixed with the dissociated cells of 
chick spinal-cord tissue. The cells not 
only sorted themselves out but the chick 
spinal-cord cells also activated the mouse 
kidney-forming cells to develop into 
recognizable tubules. 

The capacity of dissociated cells to 
synthesize complex structures out

side the body is furthering our under
standing of the processes that regulate 
the behavior of cells and the develop
ment of tissues in the intact organism. 
Recent experience indicates furthermore 
that dissociated cells may exhibit their 
inherent powers of self-recognition and 
organization in the living organism as 
well as in culture fluids. In 1952 Weiss 
and C. Andres injected a suspension of 
pigment-forming skin cells from one 
breed of chicken into the bloodstream 
of chick embryos of an unpigmented 
breed. Pigmented skin and feathers ap
pearing on these chicks demonstrated 
that the injected cells had become local
ized in the skin and resumed their nor
mal development. Thus an organism de
void of a certain type of cells has been 
"seeded" with them by injection! 

Such experiments have given reality 
to hopes that the loss of cells or tissue 
in adult organisms may, in certain cases, 
be restored by injection of a suitable cell 
suspension. Important progress in this 
direction has been made in studies of 
animals exposed to X-rays. Exposure to 
intense radiation destroys the blood
forming tissue in the bone marrow and 
causes death. The injection of viable 
bone-marrow cells greatly increases their 
chance of survival. The injected cells be
come lodged in the depleted bone-mar
row and reconstruct blood-forming tissue 
there. It is even possible to replenish de

'
stroyed marrow with cells from another 
species. Bone-marrow cells from rats 
have been successfully transplanted by 
injection into irradiated mice. These 
promising experiments are receiving 
considerable attention in view of their 
obvious medical implications. 

The idea of tissue synthesis from dis
sociated cells thus presents ever more 
challenging possibilities to the biolo
gist and medical investigator. We are 
greatly indebted to the direct and sim
ple curiosity that prompted Wilson to 
squeeze sponges through a cloth. 
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Fellow Engineers and Scientists: 

My company has asked me to tell you of the unusual opportunities in 

operations research at System Development Corporation. These range 

from positions for engineers and scientists who would like to develop 

their skills working in a team under an experienced leader to opportunities 

for those who are looking for positions of leadership. I hope that the 

following account of our work will lead you to inquire for further information. 

Briefly, SDC's business is automated decision-making systems. More 

fully, we develop large scale. computer-based information processing 

systems in which the computer is used as an on-line, centralized control 

element for a system operating in real-time. At this stage of the art these 

systems are semi-automatic, the man-machine type in which man shares 

the repetitive control function with the computer. Our work is concept

oriented. rather than hardware-oriented, and deals with problems of over-all 

system design, data processing development. and man-machine 

system training. 

The most fully developed large-scale semi-automatic system is the 

SAGE (Semi-Automatic Ground Environment) Air Defense System. We 

have a major responsibility in the development of SAGE. Our experience 

and unique team skills have led to diversification of our activities; we now 

have important contracts for other major military and government systems 

vital to our country. The demand for our services is reflected in our growth 

from 70 to more than 2,700 employees since 1955, and the intriguing 

possibilities of automated decision-making are only beginning to be realized, 

In this brief message, I can only suggest the variety of operations 

research problems at SDC. Perhaps the most important point is that this 

variety is limited only by the imagination and initiative of our scientists. 

Some examples of areas of work are: (1) allocation of decision-making 

functions between man and machine for optimal system performance; 

(2) measures of system capacity and system performance; (3) exploration 

and evaluation of design changes by operational gaming; (4) quality control 

and testing of operational computer programs; (5) allocation of computer 

capacity among several system functions; (6) scheduling and costing of 

production of operational computer programs; (7) optimal assignment of 

mixed weapons to targets. 

SDC recognizes the importance of a well planned research program for 

the vitality and future of the company, and we are carefully organized to 

carry out such a program. The following are some areas our operations 

research people are involved in: (1) simulation and operational gaming 

techniques in problems of control systems; (2) information retrieval and 

theory of information processing; (3) medical data processing; (4) universal 

language for computer programming; (5) logistics. We have unusual 

facilities for research at SDC-these include one of the largest computer 

facilities in the world and outstanding simulation laboratories. 

We have given considerable thought to organizing the activities at SDC to 

provide for professional development and self-expression. Operations 

research professionals are carefully assigned so that their individual 

talents are matched with company needs. These assignments are reviewed 

regularly to make sure that developing talents are directed into new 

company opportunities. We regard the publication of research articles and 

participation in professional societies as activities important to the 

company. We encourage new ideas and provide the time and means to 

explore them. 

SDC is one of the leaders in a field which will have a remarkable 

technological and scientific development. It is a new and vigorous company 

with a bright future. I encourage you to join us. 

Please write Mr. R. W. Frost at the address below if you wish to pursue 

this invitation. 
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William Karush 

Assistant Director for Research 

Operations and Management Research 

System Development Corporation 
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CAPABILITIES FOR DEFENSE 

10,904 graduate engineers and scientists 

with over 133,000 years of experience 

perform vital tasks at Westinghouse 

MISSILE GUIDANCE SYSTEMS. Both g round g u i d a nc e  a n d  termina l  g u i d a nce systems a r e  d esig ned,  d eveloped a nd produced at Westing house. More a d vanced g u i d a nce 
systems are now being d eveloped to r e p l a c e  those in p roduction and in actu a l  operation. The la test techniques in r a d a r, infrared, and d a ta p rocessing and disp l a y  a re 
being ap pl ied to a l l  pha ses of missi l e  guidance by W estinghouse e n g i neers with'mony y e a rs of exp erience in this field.  Ai, Arm ana Electronics Divisions 

AIRBORNE ELECTRONIC SYSTEMS for w e a p ons control, ter
rain avoi d a nce, b o m b i n g  and n a v i g a tion, a ntisu b m a rine 
w a rfare, m issi l e  g u i d a nce, bom b e r  d efense a nd othe r  a p p li
cations a r e  d esigned a n d  m a nufactured by Westinghouse. 
Aero 13 Arm a m ent Control System, shown a bove, for the 
Navy's F4D Dou g l a s  Skyra y fleet interceptor, is a recent ex
a m ple.  A;r Arm D;v;s;on 

PROPULSION. From the d esign of Am erica's first turbojet engine in 1941- by 14 pion eering engineers a t  
W estinghouse-to present-d a y  eng ines f o r  h i g h-speed a i rcra ft, W esting house has kept p a c e  with th e 
aviation ind ustry's constant d e m a n d  for increases in engine power a n d  efficiency. Current a p plica tions 
inc lude the use of new metals  a nd a d vanced d esi g n  fea tures to atta in m a ximum thrust-to-weight ra tio, 
h igher  sp eed and h i g h e r  a ltitude p e rforma nce. Jet p ropulsion engineering reached a new h igh  when a 
recently developed W esting house engine m et d esign goals  iust 1 1  Y2 months after these goals  were set. 
Aviation Gas Turbine Division 
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EXPERIENCED FIELD ENGINEERS a r e  an im por
tant a d junct to W esti n g house eng ineering c a p a 
bi lities. located a t  k e y  loca tions a b road,  in  this 
country, and a A o a t-wherever W esting house 
e q u i p m ent is in  use-these fie ld e n g i neers s u p p l y  
the e x p erience a n d  informa tion n e e d e d  to fu l ly  
uti l i z e  new e q u i p m ent, h e l p  indoctrinate new 
p ersonnel,  a n d  p rovi d e  technica l l i a ison with the 
m a nufa cturin g  p l a nts of the Defense Products 
Group. 

H UMAN ENGINEERING - m a ting man a n d  the 
m a chine-is i m p orta nt in e l ectronic equi p m e n t  
d es ign.  Continuing scientific study a n d  resea rch 
at W esting house faci l itate a d v a n t a g eous a p pl i 
cation· of this concept-from missi l e  a n a l ysis to 
m a intenance d esign-in d eveloping b etter 
avionic systems. Ai, Arm Division 

, 

UNDERWATER IRBM LAUNCHER for the su b 
m a rine-based Pol a ris missi le, shown here dur ing 
ea rly test  l a u nching with  d u m m y  m issi le, w a s  d e 
s i g n e d  a n d  b u i l t  b y  W estinghouse. D e s i g n  f e a 
tures d eveloped f o r  t h i s  system a p p e a r  a p p l i 
ca b l e  f o r  u s e  in . other solid fueled missi l e  
l a unching systems. 

AIRCRAFT ELECTRICAL SYSTEMS. From Jenny to jet, W esting house h a s  b e e n  producing aircraft el ectric a l  e q u i p m ent 
representing the d a y's most a dvanced state-of-th e-a rt. Systems for tod o y's fi n est a i rcraft-inc luding the Boeing 707 
jet l iner, Conva i r  B - 5 8  b o m b er, a n d  North Am erican A 3 J - 1 twin- jet  fi ghter- a r e  W esting house d es igned a n d  d eveloped.  
These systems inc lude the ent ire  a · c  power system, control a n d  p rotective d evices, a n d  feature the world 's  first  b rushless 
g enerator . . .  result of pioneering e x perience d a ting b a c k  to the first a i rborne, strut·mounted o·c generator built by 
W esting house in  1 9 1 7. Aircraft Equipment Deportment 

NUCLEAR ENGINEERING e x p erience is  sti l l  exceeding l y  
uncom mon, b u t  W estinghouse p ro b a b l y  h a s  more knowle d g e  
in  this very special ized a r e a  tha n  a n y  other com p a n y  in  the 
world.  W esti n g house h a s  d es igned a n d  d eveloped more 
nucl e a r  power rea ctors tha n  a n yone else.  I ts  eng ineers have 
worked in a lmost every field re lated to a tomic energy. F ive 
different commerci a l  rea ctor d esigns a r e  now under  a ctive 
d evelopment. 

UNDERWATER WEAPONS SYSTEMS. W estinghouse engi
neers d esigned the N o vy's first  a l l - e l ectric torpedo i n  
1 94 2 .  S i n c e  t h e n ,  W esting house e n g i neers have continued 
work on new a n d  i m p roved und erwater systems, to incl u d e  
h i g h  resolution son a r  a n d  a h i g h  s p e e d ,  l o n g  r a n g e  a nti .. 
s u b m a rine torp edo. Technolo g i es involved includ e hydro
d y n a mics, a coustic systems, servo m echa nisms, and guid .. 
a n c e  control. Ordnance Department 

Westinghouse 
D E F E N S E  PRODUCTS 

1 000 CONNECTICUT AVENUE, N.  W., WASHINGTON 6, D. C. 

AIR ARM D IV IS ION 
AVIATIO N  GAS TURB INE D IV IS ION 

ELECTRONICS DIVIS I ON 
AIRC RAFT EQUI PMENT DEPARTMENT 

O RDNANCE DEPARTMENT 

YOU CAN B E  � .. _ IF ITS West inghouse 
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MYLAR® he lps improve product performance . . .  cut costs 

TV producers can c u t  studio time . . .  eliminate costly processing by using Video Tape made with "M ylar" 

Tou g h ,  th i n  D u  Pont MYLAR he l ped so lve 
a p rob lem i n  deve lop i n g  V ideo Tape fo r the TV i n d ustry 

"Mylar" h a s  h i g h  strength.  With a n  aver
age tensile strength almost >i that of ma
chine steel, "Mylar" takes the crushing im
pact of fast traveling bowling ball. 

1 48 

Magnetic recording tape for use in elec
tronic recording of sound and picture for 
TV broadcasting had to meet new stand
ards of performance. The tape-called 
Video Tape - had to be thin enough to 
make intimate contact with revolving 
recording heads, yet tough enough to 
withstand relative recording speeds of 
1,500 inches per second! 

Alert tape manufacturers filled this 
need by using Du Pont " M ylar ' "  poly
ester film as the base for Video Tape. 
"Mylar",  which had already proved its 
reliability in missile tracking and data 
c o m p u t i n g ,  p r o v i d e d  the necessary 
strength and toughness in thin gauges to 

c[O PORD 
� E G . U . S . PAT. O F f  

BETTER TH INGS fOR BETTER lIVING . . .  THROUGH CHEMISTRY 

meet the exacting demands of TV re
cording equipment. 

This is but one of the many ways 
"Mylar" is helping industry improve 
product performance, develop new prod
ucts and lower costs. Electric motors, for 
example, can be made smaller and more 
efficient with insulation of "M ylar " .  
Manufacturers of electrical cable can cut 
material c o s t s  by using t o u g h ,  thin 
"Mylar" as a core binder. 

For additional information, write to
day for our new booklet. E. I .  du Pont 
de Nemours & Co. (Inc . ) ,  Film Dept . ,  
Room SA-5,  Wilmington 98, Del. 
* "  Mylar" is Du Pon t's registered trademark /or its brand 
0/ polyester film. Du Pont manufactures the base material 
"Mylar"-not finished Video Tape. 

DU PONT 

M YLA R@ 
POLY E STER FILM 
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Artificial Satellites 
and the Theory of Relativity 

The phenolnena predicted by the genpraL thpory of relati()ity 

are cl�fficult or impossibLe to measure. Earth satellites 7nay 

soon pro()ide new way's of testing the theory by obser()ation 

"'

W
hat a pity the earth has no 
moon in an orbit just outside 
its atmosphere!" With this 

exclamation, addressed to an evening 
sky in 1918, Albert Einstein closed a dis
cussion with the young Austrian physi
cist Hans Thirring. The community of 
physics was then just beginning to con
tend with the implications of the general 
theory of relativity. Thirring and his 
compatriot Josef Lense had made a new 
deduction from the theory. Since all con
cerned were seeking an opportunity to 
confront the theory with an observa
tional test, there was great interest in 
the Thirring-Lense paper. 

The two Austrian physicists demon
strated that the rotation of a celestial 
body such as the sun or one of the planets 
should cause a slow rotation in the orbit 
of a satellite-an effect not foreseen in 
the classical Newtonian theory. The ef
fect, they found, would be greatest for 
very close satellites. Unhappily no planet 
travels close enough to the sun to show 
a measurable effect in less than several 
thousand years. Furthermore, as Thir
ring and Einstein now concluded, the 
orbit of the moon lies too far from 
the earth to be perceptibly affected by 
the earth's rotation within any reason
able period of time. There was thus no 
prospect that the Thirring-Lense pre
diction could provide the basis for an 
observational test of general relativity. 

Today, of course, several artificial 
satellites traverse the outer regions of 
the earth's atmosphere. They have al
ready furnished valuable information 
about the upper atmosphere, cosmic rays 
and solar radiation. In the not-too-dis-

br V. L. Ginzburg 

tant future they may also make possible 
several fruitful tests of the general 
theory of relativity. It was in connection 
with experiments I have proposed along 
these lines that Thirring remembered 
how Einstein anticipated us more than 
40 years ago. 

The general theory of relativity, pub
lished in complete form by Einstein in 
1916, occupies a rather peculiar position 
in modern science. In essence the gen
eral theory is a gravitational field-theory 
that generalizes Einstein's special theory 
of relativity (published in 1905) to en
compass Newton's law of universal grav
itation. Unsurpassed in elegance and 
depth, general relativity has strongly in
fluenced the development of physics, 
geometry and cosmology. Yet engineers 
never have to deal with it, and physicists 
and astronomers use it rarely. The 
theory assumes central significance only 
in cosmology: the realm of astronomy 
that deals with the large-scale features 
of the universe. 

The theory is peculiar in another re
spect. The new theories of physics in 
our century have typically been verified 
by observation soon after their formula
tion. Indeed, the recent revisions in the 
conservation laws concerning parity 
were confirmed in a matter of months. 
The general theory of relativity, by con
trast, still remains inadequately verified. 
It is so truly general that it yields few 
predictions of events that can be accu
rately observed in the time and space 
scale of human experience. To be sure, 
practically no one doubts the validity of 
the theory. But the history of physics 
has seen no end of cases in which the 

certain has turned out to be false. A 
theory so fundamental to modern science 
must be rigorously verified if it is to be 
applied with complete confidence to the 
further development of cosmology and 
other areas of physics. 

Einstein himself proposed three signifi-
cant tests of general relativity. Two 

of them concern the effects of gravity on 
light. The famous equation of special 
relativity, E=mc2, which declares the 
equivalence of matter and energy, tells 
us that light possesses mass. Light must 
therefore be attracted by other masses. 
But the effect is so minute that it can 
be observed only in the case of a massive 
body such as the sun. Calculation shows 
that a beam of light that just skims the 
disk of the sun should be deflected 
through an angle of about 1.75 seconds 
of arc (one second equals one 3,600th 
of a degree) . This narrow angle approxi
mates that subtended by a matchbox at 
a distance of three miles. 

Such refined measurement is not be
yond the power of modern astronomical 
instruments. Theoretically it is necessary 
only to compare the position of a star 
when the sun is close to it in the sky 
with its pOSition when the sun is else
where. Because of the sun's brilliant light 
the key observation can be made only 
during a total eclipse. The eclipse of 
1919 provided the first opportunity. 
Photographs made at that time provided 
an approximate confirmation of Ein
stein's prediction and caused a world
wide sensation. Since 1919, however, 
the effect has been observed only seven 
times. The measurements of angular dis-
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placement average out to 1.98 seconds, 
which fits the predicted value with an 
error of between 10 and 15 per cent. The 
theory also predicts that the angle of 
deflection will depend on how close to 
the sun the light passes, but this predic
tion requires such refined measurement 
that it has yet to be tested. 

The second effect of gravity upon 
light which Einstein derived from gen
eral relativity involves the so-called grav
itational red-shift. When a photon of 
light leaves the surface of a star, it loses 
energy because it must work against the 
gravity of the star. For a photon a loss 

in energy is equivalent to a decrease in 
frequency, that is, a shift to the lower
frequency, longer-wavelength end of the 
spectrum. Thus the lines in the sun's 
spectrum are shifted toward the red 
[see illustration on page 154]. To speak 
of this gravitational effect as a red-shift 
is somewhat misleading, for when light 
approaches a massive body, it picks up 
energy and the spectral lines actually 
shift in the opposite direction, toward 
the violet. 

Sunlight that reaches the earth under
goes both a red-shift due to the sun's 
gravity and a much smaller violet-shift 

• 

due to the earth's gravity. The net red
shift, amounting to about .01 angstrom 
unit in the wavelength of the light, is 
large enough to be measured with pres
ent spectroscopic techniques, but it can
not be observed unambiguously because 
it is masked by other shifts in the sun's 
spectrum. A white-dwarf star shows a 
much larger red-shift because its enor
mous density and small radius give it an 
intense gravitational field. But since we 
cannot accurately measure the radii of 
these stars, we have no reliable basis for 
computing the strength of the gravita· 
tional fields at their surfaces. As a result 

p' 
p 

PERIHELION OF MERCURY (the point on its orbit closest to 

the sun) rotates slowly around the sun. The rotation, observed 
during the 19th century, was first explained in 1916 by the general 

theory of relativity. The effect is minute: the arc pp' represents 
the shift over a period of 10,000 years. Broken ellipse shows 

the changes in the planet's orbit during the same interval. 
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we cannot tell whether the observed 
shift fits the predicted values. 

The third test of general relativity 
proposed by Einstein involves the cele
brated shift of the perihelion of Mer
cury. This anomaly in the rotation of the 
sun's nearest planet had troubled classi
cal astronomers for more than a century. 
General relativity shows that it arises 
from the motion of bodies and the finite 
velocity of propagation of gravity. 

Newtonian theory predicts no differ
ence between the attraction of 

masses at rest and in motion. It assumes, 

moreover, that any change in the attrac
tion will be instantaneous. If the sun, 
for example, were suddenly to break in 
two (happily there is no reason to ex
pect this), the earth's motion would 
change in the same instant. The special 
theory of relativity, however, asserts that 
no action can propagate at a velocity 
greater than that of light (some 186,000 
miles per second). Once this basic prin
ciple was established, gravitational at
traction could no longer be regarded as 
instantaneous. It became apparent that 
the classical theory of celestial mechan
ics corresponds only roughly to reality. 

Within the solar system the approxima
tion is fairly good, since the planets 
move very slowly compared to the ve
locity of light; the earth, for example, 
moves along its orbit at a velocity of 
only 18 miles per second-a ten thou
sandth the speed of light. On the other 
hand, the divergence from observation 
is not inconsiderable, as is suggested by 
the fact that it takes light (and gravity) 
some eight minutes to propagate from 
the sun to the earth. Thus the Newtonian 
theory needed a generalization to bring 
it into agreement with speCial relativity. 
Einstein supplied that generalization 

, , 
\ 

, \ , , , , , 
\ , \ \ \ \ \ \ \ \ \ 

P" 
p 

PERIGEE OF AN EARTH SATELLITE (the point on its orbit 

closest to the earth) should show a rotation similar to that of the 

perihelion of Mercury, but considerably more rapid. The arc pp' 

and the solid and broken ellipses show the shift in perigee and 

the change in orhit over a period of 10,000 years for a satellite 

whose mean distance from the center of the earth is 10,500 miles. 
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LIGHT RAYS BEND when they pass close 

to a massive body such as the sun. When 

the SUIl'S gravitational field bends light 

from a star (solid line), the position o[ the 

star as observed [rom earth appears to shift 

(broken line). The drawing does not show 

sizes and distances in true proportion. 
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with the general theory of relativity, 
which introduces the concept of the 
gravitational ReId. 

An analogy from electrodynamics may 
help to clarify this basic concept of gen
eral relativity. When charges are at rest 
or moving slowly enough, the principal 
forces between them are electrostatic. 
These forces decrease as the square of 
the distance between the charges, and 
so resemble gravity as described by 
:\lewton's law. If the charges are mov
ing fast enough, however, the situation 
becomes more complicated. Moving 
charges generate magnetic Relds, and 
the interaction of the Relds generates 
new electromagnetic forces that are 
proportional to the velocities of the 
charges. 

If one of the two charges changes its 
motion, the effect upon the other is not 
instantaneous but occurs after the time 
it takes an electromagnetic wave to 
travel across the distance between them. 
In the same way the general theory of 
relativitv says that the gravitational 
force between moving masses is no long
er exactly the same as that between sta
tionarv masses. As one might expect, 
this change leads US to look for certai n 
changes in the motion of celestial bodies 
that are dependent in part upon their 
velocities. 

According to the classical theory, a 
planet moves in an elliptical orbit with 
the sun located at one of the foci of the 
ellipse. According to the general theory 
of relativity, we may still regard the 
planet as moving on the classical ellipse, 
but we must visualize the ellipse itself 
as rotating slowlv in its plane in the di
rection of the planet's motion [see illus
tration 011 page 150]. This effect is gen
erally referred to as the shift of the 
perihelion, the point on the orbit nearest 
to the sun. The general theory predicts 
that in a single revolution of the planet 
around the sun the perihelion will shift 
through an angle that is of the order of 
magnitude of the ratio between the 
s'juare of the planet's velocity and the 
square of the velocity of light. Since 
planets move very slowly as compared 
with light, this ratio is extremely small. 
For the earth the ratio is about one to 
100 million; the predicted shift of the 
perihelion from one revolution to the 
next is correspondingly minute. 

The perihelion of Mercury exhibits a 
much larger shift, because this planet is 
closest to the sun and hence moves most 
rapidly around it. Even for Mercury, 
however, calculation shows that the 
shift should amount to only 43 seconds 
of arc per century. For more distant 
planets it drops off rapidly, as shown in 

the top table on page 156. Obviously it is 
difficult to measure changes of this mag
nitude. Moreover, it is apparent that the 
accuracy of such measurement will de
pend upon the eccentricity of the orbit, 
for the location of the perihelion on a 
more elliptical orbit is more easily estab-

APPARENT CHANGES in star positions 

observed during the total eclipse o[ 1952 

agree only roughly with those predicted by 

the general theory of relativity. Stars (dots) 

c!oiest to the sun (arbitrarily indicated by 

a cross) show the best agreement between 

observed shifts (colored arrows) and pre-
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lished. By a lucky coincidence Mercury 
not only has the highest velocity of the 
planets but also has a comparatively 
large eccentricity of orbit. That is why 
it was possible for the French astronomer 
Urbain Jean Joseph Leverrier to observe 
the shift in the perihelion of Mercury a 

.1 

." 
• 

dieted shifts (block "rrotes ) . For sLars far

Lher from the sun, the observed and predicL

ed shifts may even be in opposiLe direcLions. 

This drawing exaggerates the shifLs 900 times 

as compared with distances beL ween sLars. 

The measurements were made by George 

van Biesbroeck of Yerkes Observatory. 

One of many assembly lines of skilled 

operalOrs employing AO CYCLOPTIC 
Stereoscopic Microscopes to assemble ad· 

va need germanium computer transistors 

at Texas Instruments vast Semiconductor 

-Components division in Dallas. Texas. 

Here's how Texas Instruments 

mass produces precision transistors 

with AO's CYCLOPTIC Microscope 
Precision assembly of minute components for transistor production offers no 
problem to the skilled workers at Texas Instruments. Using the AO CYCLOPTIC 
Stereoscopic Microscope, material that is practically invisible to the eye assumes 
accurately magnified proportions ... the entire assembly operation is observed in 
crisp, erect, three-dimensional detail. 

Bright, shadow less lighting is beamed deep inside the small unit apertures 
with AO's exclusive Vertical Illuminator attachment. The instrument's remarkable 
long working distance assures the operator of complete freedom of movement and 
affords ample room to accommodate larger objects and assembly tools. 

With the instrument body inclined at a 3D· angle, the operator Can work in a 
natural, more comfortable position. 

\,(,hen manufacturing small precision assemblies ." many progressive com
panies such as T I, depend upon the AO CYCLOPTIC to render the unit in visual 
.. working size" dimensions. 

If you have a particular production situation that 3-D magnification would 
help, why not discuss it with a capable AO Sales Representative. He can recom
mend the AO CYCLOPTIC Stereoscopic Microscope that will certainly solve 
your individual problem. There is no obligation, of course. 

Dept. Q178 

American Optical 
� COlllpany 

o Please have AO Sales Representative demon-
strate the AO CYCLOPI'IC Microscope. 

o Please send AO CYCLOPI'IC Brochure SB 56. 

NAME __________________________ __ 

ADDRESS ________________________ _ 

INSTRUMENT DIVISION, BUffALO 15, NEW YOAK CITY ____________ ZONE ___ STATE __ 
�-----------------� 
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FREQUENCY OF LIGHT WAVES SHIFTS in a gravitational field. Light leaving the 

surface of a massive body (top) decreases in frequency; lines in its spectrum shift toward 

the red, as suggested by the two drawings al upper right. Light approaching a massive body 

(bottom) decreases in frequency; its spectral Jines shift IowaI'd the violet (lower right). 
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century ago. Since the shift could not be 
explained by perturbations due to other 
planets, this observation presented a 
riddle until it was explained by the gen
eral theory of relativity. Modern meas
urements of the shift are in close agree
ment with the predictions of the theory. 
The much smaller rotation of the earth's 
perihelion has also been measured, but 
the margin of error is far too great. The 
shift in the orbits of other planets is too 
small even to be observed . 

.N Thirring and Lense showed, general 
relativity predicts a further, but 

much smaller, shift in the perihelion of a 
satellite that is induced by the rotation 
of the parent body. On the basis of New
tonian theory, of course, a satellite will 
move around a rotating sphere in exactly 
the same way that it moves around a 
stationary one. But on the basis of the 
general theory of relativity the forces 
acting on a satellite are modified by the 
rate at which the central body rotates 
upon its axis. To return to the analogy 
with electrical theory, a charged sphere 
at rest creates only. an electrical field. 
A rotating sphere, however, creates a 
magnetic field as well, the strength of 
which depends on the speed of rotation. 
Such a magnetic field will subject a 
moving charge to a force that is propor
tional to the ratio between the velocity 
of the charge and the velocity of light. 
According to the general theory of rel
ativity, an analogous gravitational force 
set up by the rotation of the sun should 
cause an additional shift in the peri
helions of the planets. 

Even in the case of Mercury, how
ever, the predicted increment comes to 
only .01 second of arc per century. 
The very rapid rotation of Jupiter and 
Saturn should exert a much more pro
nounced effect on their nearer satellites, 
but unfortunately we cannot yet plot 
the motions of these satellites with suf
ficient accuracy to measure the effect. As 
for the earth's moon, it is too far away to 
respond significantly to the effect of 
the earth's rotation. The predicted shift 
of its orbit comes to only .06 second of 
arc per century; the eccentricity of its 
orbit is so low that even this slight shift 
is obscured. 

In sum, we cannot rest content with 
the opportunities nature has afforded for 
testing the general theory of relativity. 
They have provided confirmation, but 
only after a fashion. Measurements of 
the gravitational deflection of light fit 
the theory with an accuracy no greater 
than 10 per cent; the gravitational shift 
in the frequency of light has been ob
served but not measured. The shift in 
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For greatest mechanical precision in electronic ceramics 

mix imagination wlth Alcoa Aluminas 
Miniaturization of electronic parts makes tough demands on ceramic components. They have to be finished to pre
cision tolerances, frequently in minute sizes and intricate shapes-with no sacrifice of electric, dielectric, thermal or 
mechanical characteristics. Makers of electronic components found these demands easy to 
meet with high concentrations of pure aluminum oxides in ceramic h:>dies. They proved once 
more that it pays to mix imagination and engineering with ALCOA@ Aluminas ... to make a 
new product possible, or to make an old product better. Why not find out how job-matched 
ALCOA Aluminas can bring the same happy result to your product development activities? 
Just describe your product or process needs in a letter to ALUMINUM COMPANY OF AMERICA, 
CHEMICALS DIVISION, 701-E Alcoa Building, Pittsburgh 19, Pennsylvania. 

For finer products • • •  let Alcoa add new dimension to your creative thinking! 

For exciting drama watch 
"Alcoa Theatre," alternate 
Mondays, NBC-TV, and "Alcoa 
Presents," every Tuesday, ABC-TV 
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IN 
YOUR 
FUTURE • • • • • •  

Need for greater accuracy in flight test 

analyses lead to development of this 

Honeywell airborne digital data re

corder. Fast start-stop. 12 tracks on 

3/4" tape. Coaxial reels hold 4 hours 

of recorded data. 

The dashes in the above tape sym
bolize electrical pulses recorded 
on magnetic tape. Such pulses can 
precisely represent time, tempera
ture, rate, vibration, pressure, 
direction, and a host of other 
variables, in either analog or 
digital form. 

Taped data can speed test analy
ses, monitor operations, program 
equipment, and serve as acces
sible, compact storage, all auto
matically. The resultant savings 
in time and expense are yours. 

MINNEAPOLIS-HoNEYWELL, 
10721 Hanna St., Beltsville, Md. 
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the perihelion of the planets attributable 
to the velocity of their motion on their 
orbits has been observed, but only in 
the case of Mercury has it been possible 
to make a significant measurement. The 
additional perihelion shift, attributable 
to the sun's rotation, remains hopelessly 
too small to be measured or observed. 

Future decades of astronomical obser-
vation will certainly give us firmer 

data on the motions of the planets and 
their satellites. More refined techniques 
may eventually provide accurate meas
urements of the gravitational deflection 
of light and shift of frequency. The his
tory of science suggests, however, that 
rapid progress results more often from 
the adoption of new methods than from 
refinement of old ones. Artificial earth 
satellites offer just such a new method 
for verifying the general theory of rela
tivity. 

An artificial satellite moves around 
the earth in an elliptical orbit like that 
of a planet around the sun. The perigee 
of this orbit-the pOint where the satel
lite comes closest to the earth-should 
therefore rotate as does the perihelion of 
a planet. Since the earth's gravitv is far 
smaller than that of the sun, even a close 
satellite will move more slowly in its 
orbit than the earth moves around the 
sun, and the perigee shift per revolution 
will be smal! indeed: of the order of 1 
per cent of the perihelion shift of Mer
cury. However, if we consider the shift 
in a given time interval, the situation 
improves. 

Mercury takes 88 days to circle the 
sun, while a satellite at not too high an 
altitude can travel around the earth in 
an hour and a half. In a centurv the peri
gee of such a satellite will shift nearly a 
third of a degree, 30 times the shift of 
the perihelion of Mercury. Moreover, 

OBSERVED THEORETICAL 
PERIHELION SHIFT 

(SECONDS OF ARC 
PER CENTURY) 

ECCENTRICITY FACTOR PERIHELION SHIFT 

,.1 .. __ • ..... 
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8.63 
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....... .. .. i.+_ ... .. __ ... ..... _ 
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JUPITER .06 
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8.847 42.56 ± .94 

.059 

.064 4.6 ± 2.7 

126 

.003 

PERIHELION SHIFT is far greater for Mercury than for any other planet, since it de· 

creases rapidly with increasing distance from the sun. Thus for all planets but Mercury the 

observed values of tbe shift are either extremely inaccurate or nonexistent. The eccentricity 

fat'IO'" gives a rough Ineasure of the relative ease with which the shifts can be observed. 

Ii ECCENTRICITY 
PERI GEE SHIFT FACTOR 

SATELLITE MEAN DISTANCE (SECONDS OF ARC (SECONDS OF ARC 
(MILES) PER CENTURY) PER CENTURY) 

240,000 .06 .06 .0036 

4,200 .01 1450 15 

146 9 
_ . . +. 

III 10,500 .40 195 78 

IV 4,500 02 1250 25 

V 6,200 .25 587 147 

PERIGEE SHIFT is immeasurably small for the moon but large for satellites orbiting close 

to the earth. Shown here are calculaled shifls for five hypothetical satellites with orbits of 

varying distances and eccentricities. Mean distance refers to distance from the center of 

the earth; thus Satellite 1 would circle the earth about 200 miles above the surface. 
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In science ... 
This "diary" of an airframe in wind-tunnel flight 
is an instantly-readable record take� on a Model 
906A Visicorder by ARO, Inc_, at the USAF 
Arnold Engineering Development Center, Tulla
homa, Tennessee, the ARDC wind tunnel facility_ 
This record measures damping-in-pitch deriva
tives for a clipped-delta-wing-body configuration 
over a Mach number range of 2.0 to 5.0 so that 
these measurements could be compared with 
Mach number trend predicted by theory. The 
values discovered through this experiment 
showed discrepancies from theoretical values be
cause the theory pertained to simpler bodies than 
that used in the tests. The new set of Visicorder 
data will result in more accurate predictions for 
future design. 

I these are records 01 leadership 

In industry ... 
This "cardiogram" of a diesel engine was taken 
on a Model 906 Vi sic order by research engineers 
at the Worthington Corporation. It is a directly
recorded chart of pressure variations in the ex
haust manifold, cylinder, and intake manifold of 
a Worthington Tripower diesel operating at 450 
RPM and developing 265 HP per cylinder. These 
pressure-variation studies enable Worthington 
engineers to determine optimum valve timing and 
engine configuration, and led to changes in the 
Tripower engine for best performance. In these 
and in hundreds of other scientific and industrial 
applications, Visicorders are bringing about new 
advances in product design, computing, control, 
rocketry, nucleonics, and production. 

For information on how to apply the unlimited use
jlliness oj the Visicorder to YOllr specific problems, 
pholle your nearest Honeywell 1I1dltStriai Sales Office. 

The HOlleywell Visicorder 

provides instantly-readable, 

bigb-semitivity data a/frequencies 

f"olll DC 10 5000 CPS. 
Tbere are models with 8, 14, 
or 36-channel capacities. 

Reference Data: Write for Visicorder Bulletins 906A and 1012. 

Visicorder records 2/3 actllal size. 

Honeywell 
���--p�� 

I 

lI1hmeapolis-Honeywell Reglilator Co., Industrial Products Group, Heiland Division, 5200 E. Evans Ave., Denver 22, Colorado 
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ROTATION OF CELESTIAL BODIES produces a small additional 

relativity effect on the motions of their satellites. Broken arcs show 

the 24·hour rotation of the sun (left) and earth (right). The rapid 

rotation of the earth might make this relativity effect large enough 

to be measurable for close satellites. The sun rotates too slowly 

and its planets are far too distant for the effect to be observable. 

the orbit of the satellite can be given 
much higher eccentricity than that of 
Mercury; this makes it possible to locate 
the perigee with much greater accuracy 
and even has the effect of increasing the 
shift of the perigee very slightly. Finally, 
the displacement of the perigee can be 
measured with greater precision because 
the satellite can be tracked by radio as 
well as by optical instruments. From the 
standpoint of accuracy, a year's observa
tion of a satellite may perhaps equal a 
century's observation of Mercury. 

On the other hand, the interpretation 
of such observations is a great deal more 
complicated for a satellite than for a 
planet. Orbits of both types are subject 
to many perturbations, some of them 
much greater than the shifts due to gen
eral relativity. For Mercury it is com
paratively easy to sort out these other 
perturbations, because the masses and 
motions of the other members of the 
solar system that cause them are well 
known. The moon similarly perturbs the 
orbit of an artificial satellite of the earth; 
this correction is easily made because 
the data for the moon are well estab
lished. But the orbit of the satellite is 
also perturbed by irregularities in the 
earth's shape and density, and the speed 
of the satellite is slowed by the earth's 
atmosphere, even at altitudes of several 
hundred miles. We still know relatively 
little about the magnitude of these fac
tors; much of what we do know has 
come from observation of the few satel
lites so far launched. How soon we will 
develop the necessary data and how 
much effort it will take to isolate and 
measure the relativistic effect remains 
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unclear. Yet the possibility does exist. 
With artiRcial satellites it should also 

be possible to perform the experiment 
which Einstein momentarily envisioned 
40 years ago for a moon in orbit just out
side the earth's atmosphere, that is, to 
measure the additional perigee shift due 
to the earth's rotation. The effect of the 
sun's rotation on the motion of the plan
ets is too small to be observed. On the 
other hand, the earth, with a much 
higher rate of rotation, has an angular 
velocity 25 times greater than that of 
the sun. As a result of this and of the 
nearness of the artiRcial satellites we can 
look for a rotation effect upon their 
orbits 5,000 times greater in magnitude. 
For close satellites the effect may amount 
to 50 seconds of arc per century, as 
great as the total relativistic effect for 
Mercury. 

Satellites may also help us to obtain 
preCise measurements of the gravita

tional frequency shift. Light emitted 
from a satellite will increase in frequen
cy (that is, will shift toward the violet) 
as it "falls" toward the earth, because it 
will gain energy from the acceleration of 
gravity. The farther it falls, the greater 
the effect. This experiment will therefore 
require a satellite orbiting at a maximum 
rather than a minimum distance from the 
earth. Because the earth's gravitational 
Reid is so much weaker than the sun's, 
the violet-shift will amount to only .03 
per cent of the analogous red-shift in the 
sun's light. Since we cannot now meas
ure so minute a shift in light waves, the 
prospect seems uninviting. But radio 
waves also undergo a gravitational fre-

quency shift, and they may provide a 
way to test this effect. Atomic or molecu
lar frequency-stabilizers give us just 
enough precision to measure the shift, 
which should amount to as much as 
seven ten-billionths (7 X 10-1°) of a 
given wavelength in the case of a suffi
ciently distant satellite. 

Alternatively we can place an atomic 
clock in our satelli teo Due to the violet
shift such a clock will appear to run fast 
in comparison with an identical clock 
on earth. For a very distant satellite the 
difference in clock readings would be 
only .02 second per year. But this tiny 
measurement can be made with entirely 
satisfactory precision. 

For closer satellites the gravitational 
frequency shift decreases and becomes 
masked by other frequency shifts due to 
the satellite's motion. The chief offender 
is the ordinary Doppler effect, which 
raises or lowers the frequency according 
to whether the satellite is moving toward 
or away from the receiver. To get rid of 
this effect, measurements can be made 
when the satellite's course is perpendicu
lar to the line of observation, so that the 
satellite is neither approaching nor re
ceding. However, the satellite's high 
velocity also produces a second-order 
Doppler effect predicted by the speCial 
theory of relativity. This effect involves 
the slowing-down of a moving clock 
compared to one at rest; it is the basis 
of the "clock paradox" which promises 
to keep high-velocity space travelers 
younger than the contemporaries they 
leave behind on earth. There is no need 
to go to the trouble of instrumenting a 
satellite to test this prediction. It is al-
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Is Golf Really Relaxing? 
The question of whether golf constitutes relaxation can be answered 
satisfactorily, we suspect, only by the individual golfer, or perhaps 

his psychiatrist. It has always seemed to us that sport, leisure, and 
even business itself, are most satisfactorily practiced by people whose 

personal affairs are in smooth working order. 

Under "personal affairs", one's finances must be assigned a high 

priority. And in this field-the prudent management of capital-our 

Trust Company must be assigned top-flight ranking. It is the oldest 

and largest institution of its kind in the country; one whose experi

ence, facilities, and services are rarely to be matched elsewhere. 

Investment Advisory Service, for example, is made to order for busy 

executive-golfers and others. Our booklet "HOW TO GET THE MOST OUT 

OF YOUR INVESTMENTS" tells the story quickly and easily. Why not 
write for your copy now? 

.�IRST 
NATIONAL CITY TRUST 

CO�IP,L''Y 

Dept. M, 22 William Street, New York 5 

Affiliate of 
The FIRST NATIONAL CITY BANK of New York 
MEMBERS FEDERAL DEPOSIT INSURANCE CORPORATION 
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· . .  a high-power, high-speed silicon switch for applications 
now employing thyratrons, relays, and conventional rectifiers. 
The "Trinistor," semiconductor suc
cessor to the thyratron, is a highly 
efficient three-terminal switching de
vice which overcomes the thyratron's 
limited power handling capacity, low 
switching speed, and relatively high 
forward drop. With recent develop
ments at Westinghouse, Trinistors of 
various high-power capacities will 
soon be commercial realities. 

The Silicon Trinistor will find a 
host of new applications. It can be 
used wherever today's thyratrons, re
lays, magnetic amplifiers, power tran-

300 

� 
�200 
LU 
co 
« 
I-
..J 100· 
o 
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sis tors and standard rectifiers find use. 
Applications include the high-speed 
switching of AC and DC, full-wave 
phase controlled DC power supplies, 
circuit breakers, inverters, motor con
trol, and many others. 

The switching characteristic of the 
Silicon Trinistor from the "OFF" to 
the "ON" condition, and the control 
function of the base current Ib' are 
illustrated below. 

Watch for the announcement of 
commercial availability of the new 
Westinghouse Silicon Trinistor. 

o ?\ .............. --
o 20 30 40 50 

CURRENT (amperes) 
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ready confirmed by solid experimental 
evidence; fast mesons, for example, 
"live" longer before decaying than do 
mesons at rest. 

The slowing of the clock aboard the 
satellite must be allowed for, however, in 
connection with the effects predicted by 
general relativity. Since clocks run 
slower as velocity increases, and since 
satellite velocity increases with close
ness to the earth, the effect of the clock 
paradox runs exactly counter to the 
gravitational frequency shift, which in
creases with distance from the earth. At 
an altitude of about 2,000 miles the two 
effects cancel out: the satellite clock will 
keep perfect time with the earth clock. 
Satellite clocks at lower altitudes will 
run slower than the earth clock; for the 
very closest satellites the difference will 
be about .01 second per year. 

At present we can measure time ac
curately enough to sort out these con
Ricting effects, but only with the aid of 
equipment that is both delicate and 
bulky. The construction of precise 
atomic clocks that are small enough to 
fit into a satellite and sturdy enough to 
withstand the stresses of launching will 
obviously pose difficult design and engi
neering problems. Admittedly it may 
prove easier to measure the gravitational 
frequency shift by means of instruments 
resting on the solid earth. The signal 
from a transmitter placed on a mountain 
three miles above the observing station 
will show a frequency shift of about 1 
per cent of that observable with a close 
satellite. As yet there is no apparatus 
that can measure such minute frequency 
differences. But the instruments needed 
for the satellite experiment have not yet 
been made either. It is hard to say which 
experiment will be performed first. 

T he minuteness of all of the effects 
involved in the experimental verifi

cation of general relativity may perhaps 
cast doubt upon the importance of the 
theory itself and upon the value of the 
effort reg uired to verify it. I should like 
to emphasize, therefore, that the value 
of the theory can in no way be "meas
ured" by the magnitude of any effects, 
espeCially those that can be observed 
witiJin the confines of our solar system . 
It takes light but eight minutes to reach 
us from the sun. But the world's largest 
telescope on Palomar Mountain can be 
used to observe galaxies whose light 
takes billions of years to reach the earth. 
The minuteness of the general relativjt�, 
effects within our tiny solar system 
should never lead us to regard the theory 
as trivial in the study of the universe. 

© 1959 SCIENTIFIC AMERICAN, INC



T H I S  I S  G L A S S  
A B U L L E T I N O F  P R A C T I C A L  N E W I D E A S  F R O M  C O R N I N G  

N EW! A M I R R O R  T H A T  
M A K E S  H EA T  T O  B E AT S L E E T  
You're jockeying a big trailer-truck along 
a winding road in New E ngland . I t' s  
winter a n d  y o u  run into a real storm- a  
mixture o f  snow, rain, sleet. You flip a 
switch and . . .  

Your outside rear-view mirror is clear 
in a matter of minutes. From a heavy 
coating of ice to all clear is only a matter 
of five minutes, even at - 20°F. 

The mirror, as you might guess, isn' t 
just ordinary glass. I t' s  one of Corning's 
PYREX brand glasses, and on its surface is 
an electrically conductive coating that' s 
permanently fired in .  

This  coating (a metallic oxide) is what 
turns your mirror into a heating element 
when a current is applied . The heat melts 
ice and snow, prevents fog or drizzle from 
condensing on the surface. 

If you use EC (electrical-conducting) 
glass for self-defrosting mirrors you get a 
bonus, since the coating also provides a 
non-glare surface . 

But don' t go away just because you 
gave u p  dreaming about driving a truck
and-trailer years ago . This PYREX® elec
trical-conducting glass comes in a wide 
choice of applications. 

For exampl e, there are some enterpris
ing people who build radiant heaters, 
both portable and permanent, around 
such glass panels. 

Comfort, safety, and convenience are 
the big selling points. Comfort because a 
panel of EC glass is an area heat source 
putting out long waves . . Safety beca�se 
there are no exposed wIres or movIng 
parts. Convenience since you have no 
burning, no need to do extensIve re
modeling in order to install it .  

These same reasons have made PYREX 
brand radiant heating units attractive to 
industry-for heating, drying, curing, 
baking. 

And, if you turn a panel of this glass 
around i t  becomes an infrared reflector 
you c�n see through- blocking heat but 
still passing about 75% of the visible light. 

Facts? Ask for PE-34, a 4-page data 
sheet,  and/or PE-60, all  about industrial 
heating units. Please use the coupon. 

Y O U  A R E  C O R D I A LLY I N V I T E D  
. . .  to visit the Corning Glass Center 
located in Corning, in the rolling hills just 
south of New York S tate's Finger Lakes 
region . The Center is dedicated to the 
history, science, art, and industry of 
glassmaking. 

Among the Center' s most-visited at
tractions are the Corning Museum of 
Glass and the Hall of Science and I ndustry. 

At the Museum you'll  find a compre
hensive and renowned collection of glass 
objets d'art. You will find vases and other 
glass forms produced by by-gone civiliza
tions. And you will see the ways in which 
today' s craftsmen, around the world , use 
glass in varied art forms. 

The Hall of Science and I ndustry is 
filled with exhibits and devoted to the 
roles glass plays in industry, business, and 
science. Many exhibits contain full-scale 
working models and demonstrations. 

And, there's  also a library devoted 
exclusively to books and other reference 
materials on glass. 

It all awaits you . So come to the Glass 
Center. You'll find it  stimulating and 
rewarding. Bring the family, too. You'll 
all enjoy the trip.  
Open d aily except Mondays from 9 : 30 t0 5 .  

I f  you'd like a few more facts, send for a 
free folder. But plan to come soon. 

H O W  T O  G ET 
A R E C T A N G U LA R  B E A M  
F R O M  A R O U N D  L E N S  
This i s  n o  ordinary floodlight lens. I t  
produces, despite its circular shape, a 
rectangular beam. 

''\Ihy? Because a large oil company 
asked Crouse-H inds of Syracuse, N. Y . ,  
t o  provide a floodlight to illuminate 
rectangular signs, 4' x 8' .  Besides being 
rectangular, the request called for light
ing that had no " hot spot" which might 
make the sign unreadable. . 

So Crouse-Hinds turned to Corl1lng. 
And through the talents of one of our 
product engineers, we designed a round 
lens that puts out a rectangular beam. 

Unusual? Yes, but typical of the special 
problems we handle almost daily (we 
once made a lens producing a square 
beam for the same people) . 

Moral : vVhatever your interest- be it  
lighting, corrosion, high 
temperatures,  precision 
shaping, or what have 
you- maybe we already 
make what you need from 
glass. 

As a start, take a look 
through "This I s  Glass ."  
(To get  a copy, check the ."�,, .. __ .• 

coupon . )  

_ C O R N I N G M E A N S  R E S E A R C H  I N  G L A S S  

LiI CO R N I N G G LASS W O R KS 49 C rystal Street, C o rn i n g ,  N . Y .  

I 
I 
I 
I 
I 
I 
I 
I 
I 

P l e a s e  s e n d  m e : 0 P E - 3 4 .  4 - p a g e  d at a  s h e et o n  g l a s s e s  f o r  i n d u s t r i a l  u s e ;  0 P E -

60.  b o o k l et o n  h e at i n g  u n i t s ;  0 B ro c h u re o n  t h e  G l a s s  C e n t e r; 0 " T h i s  I s  G l a s s "  

N a m e  __________________ T i t l e.  ________ _ 

C o m p a n y  ___________________________ _ 

St reet ____________________________ _ 

I C i ty Z o n e  __ State _____ _ 
I 
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16 1 

© 1959 SCIENTIFIC AMERICAN, INC



Packing circuits to circle 

162  
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the vvorld 

New Electronic Scanning radar antenna- Frescanar- devel
oped by Hughes at Fullerton, positions beams in space by 
electronic rather than mechanical means. 

Purity Plus- Hughes Products Division engineer checks 
semiconductor materials to insure purity. 

© 1 9 5 9 ,  H . "' .  C .  

"Project Cordwood" is a new Hughes Communications proj
ect which has produced low-cost, widely interchangeable circuit 
modules (see photo on left-hand page). Other projects under 
way at the Hughes Communications Division involve the de
velopment of systems which deflect their signals from meteors 
and artificial satellites. Allied to this is the Hughes adoption of 
the wire-wrapping technique to obtain compact, reliable and 
automatically applied wiring. 

Because of the dynamic growth in communications, Hughes 
has established a separate, major Communications Division. 
Already, work has extended p ast the transfer of information to 
the use of information to supplement man's  abil it ies where 
human resources are inadequate. 

From the discovery of basic scientific knowledge through the 
creation of working hardware, the systems approach is typical 
of Hughes activities . . .  in Airborne Electronics Systems, Space 
Vehicles, Plastics, Nuclear Electronics, M icrowaves, B allistic 
M issiles and many others. 

This atmosphere offers creative engineers and scientists the 
widest possible scope of opportunity for personal and profes
sional growth. 

Similar opportunities are open at Hughes Products, where 
Hughes developments are translated into commercial products 
- semiconductors,  specialized electron tub es,  and industrial  
systems and controls.  

the West's leader in advanced electronics 
r - - - - - - - - - - - - - - - - - - - - - - - - - - - - ,  
I I 
I I 

: H U G H E S : 
I I 
I I 
L _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  J 
HUGHES AIRCRAFT COMPANY, Culver City, El Segundo, Fullerton and 

Los Angeles, California; Tucson, Arizona 

Newly instituted programs at Hughes have created immediate 

openings for engineers experienced in the following areas: 

Com m u n icat i o n s  

Sem ico n d uctors 

Field E n g i n e e r i n g  

I n d u str ia l  Dyn a m ics 

Digital Co m p uter E n g .  

M ic rowave E n g i n e e r i n g  

C i rc u it Design 

Test E n g i n e e r i n g  

Systems A n a lysis 

Tec h n ical  Writ i n g  

El ectron T u bes 

I n d ustria l Syste m s  

Write in confidence, t o  Mr. Tom Stewart, 

Hughes General Offices, Bldg. 6-HS, Culver City, California. 
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The command "Up periscope" 
brings into play the subma
riners' visual link with the 
world above the surface of the 
sea. These complex, highly 
precise instruments perform 
their vital viewing and sight
ing functions in all kinds of 
weather and under widely va
rying light conditions. Almost 
all U.S. submarines including 
those of the atomic fleet are 
equipped with periscopes de
signed and manufactured by 
Kollmorgen. 

This is a specialized field of 
endeavor--so is the develop
ment of nuclear hot cell view
ing systems, bunker periscope 
systems, inspection and align
ment instruments and much 
of our other work. 

We offer the services of a 
completely integrated design 
and manufacturing facility for 
solving problems in remote 
viewing, inspection, measure
ment and photography of ob
jects and processes u n d e r  
adverse conditions. A new 
brochure describes our fields 
of interest and the facilities 
with which we work. You may 
have a copy by writing Dept. 
195. 

� 
KOLLMOR.GEN 

opti cal corporation 
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MATHEMATICAL GAMES 
Another collection 
of "brain-teasers" 

by Martin Gardner 

It has been the custom of this depart
ment to present a varied collection 
of short problems once every eight 

months or so. This is the fourth such 
collection. Because the answers to the 
problems, published a month after the 
problems themselves, go to press at 
about the same time that the problems 
appear, it is not possible to take full 
advantage of corrections, comments and 
elegant solutions sent in by readers. This 
may be regrettable in connection with 
this month's first problem, for which, so 
far as I know, no general procedure has 

yet been proved to yield optimum an
swers. If any readers hit upon a better 
solution than the one to be explained 
next month, the problem will be dis
cussed again at the first convenient op
portunity. 

1. 

An unlimited supply of gasoline is 
available at one edge of a desert 800 
miles wide, but there is no source on the 
desert itself. A truck can carry enough 
gasoline to go 500 miles (this will be 
called one "load"), and it can build up 
its own refueling stations at any spot 
along the way. These caches may be of 
any size, and it is assumed that there 
is no evaporation loss. vVhat is the min-

WI� •• \Ut'�'" .a ... .- 1.11 •••• .- . ... . .a 
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Yorktown Research Center, New York 

ULTRA-HIGH VACUUM AND THIN METALLIC FILMS 

The superconducting properties of a metallic film are sig
nificantly affected by its purity. A group of scientists and 
engineers at the IBM Yorktown Research Center is studying 
problems involved in producing superconducting thin films 
bv vacuum deposition techniques. The immediate objective 
is to produce thin £lms with superconducting characteristics 
equivalent to those of pure bulk material. 

In conventional vacuum metalizing, a chamber is evacu
ated to a pressure of 10-6 mm. Hg, the metal is heated to 
vaporization temperature, and a thin metallic film is con-

den sed on a substrate. During this process, gas molecules 
remaining in the chamber contaminate the film. For example, 
if the deposition rate were such that the thickness increased 
by 100A per second, the gas impurity in the resulting film 
could be as much as one atom for every 75 metal atoms. 

One way to decrease this contamination is to work in a 
higher vacuum. Newly developed techniques, using an all
metal ultra-high vacuum system, permit the use of working 
pressures as low as 10-10 mm. Hg, thus decreasing the 
amount of gas present in the film by a factor of 10,000. 

IBM 
® 

Investigate the many career opportunities available in exciting new fields at IBM. 
International Business Machines Corporation, Dept. 659-E, 590 Madison Avenue, New York 22, New York 
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WANTED: 
electronic 

• engineers 
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10 
FEET 
T LL 

Actually, physical size isn't im· 
portant. We're really looking for 
engineers and scientists whose 
experience warrants bigger 
opportunities. 

To such men the long range pro· 
jects under way at Magnavox 
provide the challenge to extend 
themselves and really feel 
and be ... ten feet tall. 

Send brief resume to: 

R. S. EARY 

Technical Staffing Director 

The Magnavox Company 
2131 Bueter Road 

Fort Wayne, Indiana 

lVIagna'Vo.x. 

i111U111 amount (in loads) of gasoline the 
truck will require in order to cross the 
desert? Is there a limit to the width of 
a desert the truck can cross? 

2. 

Mr. Smith has two children. At least 
one of them is a boy. What is the proba
bility that the other child is a boy? 
Mr. Jones has two children. The older 
is a girL What is the probability that the 
other child is a girl? 

3. 

Admirers of the Irish writer Lord 
Dunsany do not need to be told that he 
was fond of chess. (Surely his story "The 
Three Sailors' Gambit" is the funniest 
chess fantasy ever written.) Not gen
erally known is the fact that he liked 
to invent bizarre chess problems which, 
like his fiction, combined humor and 
fantasy. The problem depicted at the 
bottom of page 164 was contributed by 
Dunsany to The Week-End Pl'oblems 
Book, compiled by Hubert Phillips. Its 
solution calls more for logical thought 
than skill at chess, although one does 
have to know the rules of the game. 
\,yhite is to play and mate in four moves. 
It is assumed that the position is one 
that could occur in actual play. 

4. 

\Vhen Professor Stanislaw Slapenar
ski, the Polish mathematician, walked 
down the down-moving escalator, he 
reached the bottom after taking 50 steps. 
As an experiment, he then ran up the 
same escalator, one step at a time, reach
ing the top after taking 125 steps. As
suming that the professor went up five 
times as fast as he went down (that is, 
took five steps to every one step before) , 
and that he made each trip at a constant 
speed, how many steps would be visible 
if the escalator stopped running? 

5. 

The most popular problem ever pub
lished in The Amel'ican Mathematical 
Monthly, its editors recently disclosed, is 
the following. It was contributed by 
P. L. Chessin of the Westinghouse Elec
tric Corporation to the April, 1954, issue. 

"Our good friend and eminent numer
ologist, Professor Euclide Paracelso 
Bombasto Umbugio, has been busily en
gaged in testing on his desk calculator 
the 81 X 109 possible solutions to the 
problem of reconstructing the following 
exact long division in which the digits 
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are 

Research Chemists? 

A. The tools of progress in both fields are forged 

from products developed and produced by Merck. 

For example, Merck is the world's largest producer of 
vitamins and other micronutrients that contribute to 
the "grow-power" of today's poultry feeds. These mod
ern rations help poultrymen to raise the highest-quality 
broilers in about half the time and on one-half the amount 
of feed than was possible before nutritional supplements 
were discovered. 

Too, poultrymen are sending a higher percentage of 
each flock to market. Products of Merck research-re
sulting in therapeutic feed supplements and medications 
that control many previously rampant poultry diseases 
-have, in a large measure, contributed to this result. 

Equally impressive-to the chemical research worker 
-are the many hundreds of Merck Laboratory Chemi
cals designated "precision tools for accurate analysis." 

Noted particularly for their high-quality standards, 
many Merck reagents and solvents are actually purer 
than required by the standards of the American Chem
ical Society. Because of their outstanding dependability 
Merck laboratory chemicals are invaluable in analytical 
work, and play a vital role in some of the most important 
research projects of our time. 

Laboratory chemicals, feed supplements and animal 
medications are representative of Merck products that 
help speed progress in nearly every field served by chem
istry. For technical information bulletins on the prod
ucts mentioned above write to Department SA-3. 

MERCK & CO., INC. • Chemical Division • Rahway, New Jersey 

C Merck & Co •• In", 
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......... hemist 

At Los Alamos, chemistry means re

search in such fascinating fields as 

radiochemistry, radiation chemistry, 

biochemistry, reaction kinetics, cryo-

3enics and the chemistry of uranium, 

plutonium, deuterium and tritium. It 

means too, the availability of some of 

the world's finest research facilities. 

And chemistry is only one of the 

scientific activities in which trained 

men and women with imagination find 

challenge at Los Alamos. 

los 

I· 

Employment inquiries are 
invited. Write to: 
Personnel Director 
Division 59-50 

/alamos 
0' THE ��!�E;HH�If!��oratory 

LOS ALAMOS. NEW MEXICO 

were indiscriminately replaced by x save 
in the quotient where they were almost 
entirely omitted: 

8 
xxx)xxxxxxxx 

xxx 
. 

xxxx 
xxx 

--xxxx 
xxxx 

"Deflate the Professor! That is, reduce 
the possibilities to (81 X 109) 0." 

Because any number raised to the 
power of zero is one, the reader's task 
is to discover the unique reconstruction 
of the problem. It is easier than it looks, 
yielding readily to a few elementary in
sights. 

6. 

There is a simple procedure by which 
two people can divide a cake so that 
each is satisfied he has at least half: One 
cuts and the other chooses. Devise a 
general procedure so that n persons can 
cut a cake into n portions in such a way 
that everyone is satisfied he has at least 
l/n of the cake. 

7. 

Mathematicians have not yet suc
ceeded in finding a formula for the num
ber of different ways a road map can be 
folded, given n creases in the paper. 
Some notion of the complexity of this 
question can be gained from the follow
ing puzzle invented by the British puz
zle expert Henry Ernest Dudeney. 

Divide a rectangular sheet of paper 
into eight squares and number them on 
one side only, as shown at top left in the 
illustration below. There are 40 different 

8 7 4 

2 3 6 5 

8 2 7 

4 5 3 6 

Dudeney's map·foldmg puzzle 
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?Jest individual effOrt ... 
AERO PHYSICS 

ENG'R'G TEST LABS AERODYNAMICS 

""''' 'U'R'G 9 
DESIGN 

STRUCTURES & WTS, . 'UCLW 

OPERATIONS RES. " 

... oest comoination 0/ ideas 
At Convair-Fort Worth, you'll find a new 

outlook ... a new perspective in the engi

neering organization ... one whose objective 

is to provide a framework from which each 

engineer can contribute his best individual 

effort toward achieving the best combination 

of ideas. 

This is one reason why so many experienced, 

well-trained men with creative ability and 

inquiring minds are taking a close look at 

the advantages of joining a team whose 

advanced thinking is so vividly portrayed 

by the all-new B-58, America's first and 

fastest supersonic bomber. 

Living in Fort Worth has its advantages, too. 

There is no state income or sales tax, ade

quate housing in all price ranges, no com

muting problem. Descriptive literature will be 

supplied on request, or send a complete res

ume of your training and experience for care

ful evaluation by engineers in the areas best 

suited to your qualifications. To be assured 

of prompt attention and strict confidence, 

address your inquiry to P. O. Box 748S. 

CONVAIR - FORT WORTH 
A D I VI S I O N  o F 

N L DVNA I 
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LJ:NCOLN 

LABORATORY 

continues to augIllent its staff. 

We invite inquiries froIll persons 

with superior qualifications. 

A brochure is available which is 

generally descriptive of 

Lincoln Laboratory programs 

in the following areas: 

AICBM SYSTEMS STUDIES 

NEW RADAR TECHNIQUES 

RADIO PHYSICS 

SOLID STATE Physics, Chemistry, and Metallurgy 

COMMUNICATIONS: 

Techniques 

Psychology 

Theory 

INFOR MATION PROCESSING, 

DIGITAL COMPUTER TECHNOLOGY 

Research and Development 

M.I.T. LINCOLN 

LABORATORY 

BOX 1 B 

LEXI N G TON 73, MASSACHUSETTS 

ways that this "map" can be folded 
along the ruled lines to form a square 
packet which has the '' 1'' square face-up 
on top and all other squares beneath. 
The problem is to fold this sheet so that 
the squares are in serial order from 1 to 
8, with the 1 face·up on top. If you 
succeed in doing this, try the much more 
difficult task of doing the same thing 
with the sheet numbered in the manner 
pictured at the bottom of the illustration. 

8. 

An absent-minded bank teller switched 
the dollars and cents when he cashed a 
check for Mr. Brown, giving him dol
lars instead of cents, and cents instead 
of dollars. After buying a five-cent news
paper, Brown discovered that he had left 
exactly twice as much as his original 
check. What was the amount of the 
check? 

9. 

A familiar chestnut concerns two 
beakers, one containing water; the other, 
wine. A certain amount of water is trans
ferred to the wine, then the same amount 
of the mixture is transferred back to the 
water. Is there now more water in the 
wine than there is wine in the water? 
The answer is that the two quantities are 
the same. Raymond Smullyan writes to 
raise the further question: Assume that 
at the outset one beaker holds 10 ounces 
of water and the other holds 10 ounces 
of wine. By transferring three ounces 
back and forth any number of times, 
stirring after each transfer, is it possible 
to reach a point at which the percentage 
of wine in each mixture is the same? 

'[ he answer to last month's problem 
about the carnival dice game is that 

a player can expect to win $8.64 for 
every $10 that he loses. There are 2 16 
equally probable ways three dice can 
fall, of which 91  are wins for the player. 
His chances of winning, therefore, are 
911216. Assume that he bets $1  each 
time. On 75 of his wins his number ap
pears only once, giving him a profit of 
$75. On 15 wins the number shows 
twice, earning him $30. All three dice 
will show the number on one of his wins, 
earning him $3. His total winnings will 
then be $108 as against a total loss of 
$125, or $8.64 for every $10 loss. Last 
month's question of how many different 
pieces can be achieved by cutting a 
doughnut with three planes will be an
swered next month, together with the 
answers to this month's problems. 

/ 
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y.c. Lee 
His full name is Yuan Chu'en Lee, but to most of us at 

Aerojet, he's known as "Y.C." As Director of Corporate 

Research, Y.C. is in charge of our astronautical, other

planetary endeavors. 

Y.C. and his associates are grappling with the knottier 

questions of space technology and advanced propulsion. 

They're studying advanced magnetohydrodynamics, 

extraterrestrial physics, and relativistic problems. They're 

looking for new fuels based on ions, gaseous free radicals, 

and nuclear plasmas. 

Fundamental research has kept Aerojet at the forefront 

of the rocket field. Thanks to people like Y.C. and his 

team, we'll stay there. 

That team, by the way, is handcpicked. It's one of 

several such groups at Aerojet that offer opportunities of 

unusual scope to the scientific and engineering imagination. 

Let us see a resume if this is your kind of challenge. The 

address: AEROJET-GENERAL CORPORATION, P.O. Box 296, 
Azusa, California or P.O. Box 1947, Sacramento, California. 

Attn: Director of Scientific and Engineering Personnel. 

�N:RAL CORP.· _ •• _--

AZUSA AND SACRAM ENTO. CALIFORNI A · A SUBSIDI ARY OF THE GENERAL TIRE & RUB BER COM PANY 
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Pilot Production of Grown Quartz Crystals 

Achieved at Western Electric 

Q
uartz crystal units are manufac
tured by Western Electric for use 
by the Bell System in almost all 

long distance communication systems. 
Quartz is noted for its piezoelectric 
characteristic: when an electrical im
pulse is applied, there is a resulting 
mechanical motion. Moreover, a plate 
cut from quartz crystal will oscillate at 
one specific frequency, which can be 
made a few cycles per second or up to 
millions of cycles per second, by pre
cisely controlling physical dimensions 
of the plate. 

The piezoelectric characteristic of 
quartz is utilized by the Bell System in 
filters, oscillators and other devices. 
Thousands of quartz crystal units, each 
designed to respond to a specific fre-

quency, are used as a 

means of separating 
the individual conver
sations from the multi
message signals trans
mitted over the same 
telephone channel. 

Crystal unit 
(without cover). Deposits of quartz 

crystals are found in many parts of the 
world and are probably the result of 
natural processes over a period of cen
turies which may no longer be operat
ing. Natural quartz crystals of suitable 
size and quality for telephone use are 
from a foreign source of supply which 
has become somewhat unstable and 
costly. 

Man-Made Quartz 
The instability of this foreign supply, 

especially in time of national emerg
ency, and the increasing cost of high 
quality natural crystals accentuated the 
need for a domestic source. Realizing 
this, our research colleagues at Bell 
Telephone Laboratories started experi
mental work on synthetic quartz in 
1946, culminating in a hydrothermal 
laboratory process in which crystals 
were "grown" successfully from thin 
quartz "seed" plates. 

Basically, the hydrothermal process 
for growing quartz consists of placing 
small pieces of melting-grade quartz in 
the bottom of a long, narrow cylindrical 
vessel capable of withstanding high 

174 

INSULATION 

DEAD AIR 

SPACE 

INSUlAl'ION 

INSULATION 

AQUEOUS 

ALKALINE 

SOLUTION AT 

25,000 PSI 

MELTING-GRADE 

QUARTZ 

BASE PtATE 
& HEATERS 

Simplified schematic drawing 
of pressure assembly vessel. 

pressures. Thin sections of perfectly 
formed quartz crystals are suspended 
in the upper or growing section of the 
vessel. The vessel is then partially filled 
with a solution of sodium hydroxide 
and sealed. Heat is applied to the ves
sel, and by careful control, a calculated 
temperature differential is m[)intained 
between the bottom and top or grow
ing zone. The melting-grade quartz is 
dissolved in the bottom of the vessel 
and transported by convection currents 
to the growing zone. There, the quartz 
is crystallized out on the seed plates 
because the saturated solution, when 
cooled to lower temperature, releases 
some of the dissolved silica. 

Not long ago, Western Electric built 
a pilot plant to explore the feasibility 
of growing quartz artificially on a pro
duction basis, employing the basic 

parameters of the laboratory process. 
Our engineers started by designing 

a high pressure autoclave weighing 
some two tons (see diagram). Where 
the laboratory model had used a cover 
which was welded in place to achieve 
satisfactory sealing, Western Electric 
engineers devel
oped a screw type 
metal-to-metal seal 
which  c a n  with
stand up to 30,000 
p o u n d s  pressure  
per square inch at 
800°F without leak
ing. This combina

Grown quartz 
tion of high temper- crystals. 

ature, pressure and corrosive solution is 
believed to be one of the most severe 
conditions encountered in any indus
trial process. 

Other design problems which had to 
be solved included: methods of heat
ing, an adequate control system and 
proper insulation, together with safety 
procedures which would preclude any 
hazardous working conditions. From 
the outset, vVestern Electric engineers 
have worked very closely with Bell Tele
phone Laboratories chemists to perfect 
optimum crystal growth conditions. At 
the present time large, perfectly formed 
quartz crystals can be grown on a repe
titive basis. Compared with natural 
quartz, these man-made crystals have 
fewer cracks and impurities . . . and 
because of their uniform dimensions 
they appear to be ideally suited to mod
ern production methods. 

Though refinements are constantly 
being made, it is expected that grow
ing quartz by this process will ulti
mately be placed on a production basis. 

Here again is demonstrated the crea
tive engineering which goes on at 
'Vestem Electric in conceIt with our 
Bell Laboratories associates. One result 
is constantly improving, low-cost Bell 
telephone service. 

MANUFACTURING AND SUPPLY � UN" P' THE IELL SYSTEM 
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THE AMATEUR SCIENTIST 

Conducted by C. L. Stong 

W hile working with a Wilson 
cloud chamber 50 years ago 
this spring Robert A. Millikan, 

then professor of physics at the Univer
sity of Chicago, learned how to make a 
drop of water hang in mid-air like Ma
homet's fabled coffin. The drop was 
poised so delicately between gravity and 
a counteracting electric field that it 
would respond easily to a force on the 
order of a tri llionth of an ounce-a force 
some 10,000 times smaller than the 
smallest that could be detected with the 
best mechanical balance of the day. 
With his technique Millikan proved the 
existence of the electron, measured its 
charge and thereby helped touch oil the 
revolution in physics that has continued 
up to the present. 

At the turn of the century many physi
cists held to the notion that electricity 
behaves like a fluid, that the amount of 
charge on an electrode can be altered 
by any desired amount. But some argued 
otherwise. For example, the emission of 
electrically charged particles by zinc ex
posed to light ( the "photoelectric ef
fect" ) ,  and the production of ions in a 
gas-discharge tube, supported the no
tion that electricity comes in tiny parti
cles.  The British physicists C. T. R. Wil
son and H. A.  Wilson had independently 
attacked the question by observing the 
response of a cloud of water droplets to 
X-rays and an electric field. Millikan de
cided to sharpen the experiment by con
centrating on the behavior of individual 
drops instead of the whole cloud. 

To form the drops he set up a modi
fied version of C. T. R. Wilson's cloud 
chamber: a glass cylinder equipped with 
a piston. When the piston was pulled 
down quickly, expansion lowered the 
temperature of humid air inside the 
cylinder and caused a cloud of water 
droplets to form. Millikan fixed elec-

How to recreate the apparatus with which 

the charge of the electron was measured 
trodes inside the chamber at the top and 
bottom and connected them to a 4,000-
volt storage battery. He lighted the drop
lets from the side with an arc lamp and 
observed them through a small tele
scope. When the chamber was expanded 
and the field applied, most of the drop
lets drifted to the bottom under the in
fluence of gravity. Some of the droplets, 
however, picked up electric charge dur
ing the expansion ; most of these prompt
ly darted toward one electrode or the 
other, depending upon the sign of their 
charge. A scattered few of the droplets 
hung in space for a second or two, their 
tendency to fall being precisely balanced 
by the upward tug of the electric field. 
Then evaporation would reduce their 
weight enough to upset the balance and 
start them moving toward the upper 
electrode.  It was these droplets that 
caught Millikan's interest. He soon 
learned how to compensate for the evap
oration by gradually lowering the volt
age across the electrodes. 

Occasionally he found it possible to 
make a drop stand still for as long as a 
minute. Now and again he observed 
that one of these stationary drops would 
take oil abruptly toward one or the other 
of the electrodes .  Moreover, a drop that 
had started to move in this manner 
would occasionally pick up speed dur
ing its flight, or stop in its tracks.  Milli
kan therefore suspected that the drops 
must be picking up or losing elementary 
charges, perhaps the "atoms of electric
ity" for which the British physicist 
G. J .  Stoney had suggested the name 
"electron" in 1891. "This experiment," 
Millikan later wrote in his book The 
Electron, "opened up the possibility of 
measuring with certainty, not merely the 
charges on individual droplets as I had 
been doing, but the charge carried by a 
single atmospheric ion. By taking two 
speed measurements on the same drop, 
one before and one after it had caught 
an ion, I could obviously eliminate en
tirely the properties of the drop and of 
the medium and deal with a quantity 
that was proportional merely to the 
charge on the captured ion itself." 

In the fall of 1909 Millikan undertook 

a new series of experiments with a modi
fied apparahls . The cloud chamber was 
replaced by a simple container fitted 
with windows and a pair of flat metal 
plates spaced about 5/8 inch apart . 
Light oil was sprayed into the top of the 
chamber by an ordinary atomizer. Some 
of the droplets found their way into 
the space between the plates through a 
pinhole in the middle of the upper plate. 
These droplets were lighted and ob
served by the same technique used with 
the water drops. The oil drops reacted 
like the water drops to an electric field 
established between the plates, but did 
not evaporate perceptibly during the 
period of observation . By manipulating 
the field to compensate for charges 
picked up from the air, it was possible 
to keep a selected drop under observa
tion indefinitely. 'Within a matter of 
months the new apparatus enabled Mil
likan not only to prove the existence of 
the electron but also to measure its 
charge with fair accuracy and, inciden
tally, to measure the number of atoms 
in a gram of hydrogen. Before the series 
of experiments had ended he had inde
pendently established the approximate 
mass and size of the electron, confirmed 
Albert Einstein's explanation of the pho
toelectric effect and derived the value of 
Planck's constant experimentally! Few 
experiments have been more productive 
-or more fascinating to those who have 
repeated it. 

One of these is George O. Smith of 
Highlands, N.  J. Smith writes: "It may 
come as a pleasant surprise to a genera
tion accustomed to thinking of atomic 
research in terms of cyclotrons and other 
complex apparatus that Millikan's equip
ment is easy to reproduce yet precise 
enough to challenge the most advanced 
instrument-maker. 

"The experiment is based on the prin
ciple of balancing against the force of 
gravity the electric force acting on a 
small drop of oil. The electric force is 
determined by the interaction of the 
charge on the drop with the charge on 
the electrodes of the apparatus .  The 
charge on the electrodes can be meas
ured directly with a voltmeter. But the 
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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. 
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This valuable 3S-page book 
is yours for the asking! 

With artiflcial satellites already launched and spaCe 
travel almost a reality. astronomy has become todoy', 
fast.st growing hobby. Exploring the skies with 0 tele
scope is a ,.loIII.i"g diversion for father and son alike. 
UNITRON', handbook contains full-page illustrated 
articles on astronomy, observing, telescopes and acces
sories. It is of interest to both beginn.n and advanced 
amateurs. 

Content. include-
• Observinl the sun, 

moon, ptanets and 
wonders of the sky 

• Constellation map 

• Hints for obser.ers 

• Glossary of telescope terms 

• How to choose a telescope 

• Amateur clubs and research 
prOirams 

Please rush to me, free of charle, UNITRON's new Observer's 
Guide and Telescope Catalol 6.Q 
Name ____________ _ 

Str .. t ____________ _ 

City State'-----

L _________ ..J 
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charge on the drop must be determined 
indirectly by the speed with which the 
drop moves through the air. The speed 
varies with the intensity of the charge 
and the size of the drop, so the size of 
the drop must be found. This can be 
done by observing the maximum speed, 
or 'terminal velocity,' of a drop in free 
fall through the air. The terminal veloc
ity of a drop is reached when the force 
set up by friction between the drop and 
the air equals the force of gravity. The 
two forces act in opposite directions and 
cancel, with the result that the speed of 
the drop remains constant. Since the 
force of gravity is known, and the ter
minal velocity can be determined by 
timing the drop in free fall through a 
known distance, the size of the drop can 
be calculated by means of a simple for
mula that takes certain properties of the 
air into account. The charge on the drop 
can then be calculated by inserting the 
known values in another simple formula 
and doing the arithmetic. 

"The accuracy of the method depends 
on the care taken in the construction of 
the apparatus. The electrodes are en
closed in a housing that can be rec
tangular [see illustration below], or cy
lindrical. The sides of the housing can 
be made of glass, lucite or any similar 
transparent material. Lucite is easier to 
work than glass, but has no functional 
advantage. The dimensions of the en
closure are not critical. One measuring 
some seven centimeters wide, 10 centi
meters long and 15 centimeters high is 
adequate. The space between the elec
trodes should not be more than about 
an eighth of the height. The electrodes 
should make a loose fit with the inner 
walls of the housing so that they can 
be removed easily for cleaning. The fit 
should not be so loose, however, that 
air can circulate freely between the com
partments of the housing. 

"The upper electrode is supported by 

a pair of lucite blocks. These may be 
cut from a slab of lucite about a centi
meter thick. In addition to acting as 
spacers between the electrodes, the 
blocks serve as windows through which 
the drops can be lighted from the side. 
The ends of the blocks should make an 
easy fit with the walls of the box. Their 
width is not important. Their outer and 
inner sides must be polished sufficiently 
to permit good light transmission. The 
rough faces can be first smoothed against 
successively finer grades of garnet p aper 
supported on a flat surface, then polished 
against crocus cloth until all scratches 
disappear, and finally finished against 
wrapping paper charged with rouge of 
the sort used to polish glass. The optical 
quality of the polished surfaces need 
not be better than that of window glass. 

"Plates for the electrodes can be cut 
from any kind of metal. Brass is pre
ferred. The facing surfaces of these 
plates must be flat to better than a 
hundredth of a millimeter. The upper 
plate must be thick enough to prevent 
sagging. The faCing surfaces can be 
smoothed against crocus cloth supported 
on a flat surface, and finished against 
wrapping paper charged with rouge . 
The corners and edges may be rounded 
slightly by grinding them against the 
finest grade of garnet paper. A pinhole 
approximately a millimeter in diameter 
is drilled in the center of the top plate 
and the burs removed. The use of heavy 
stock will be appreciated when the ap
paratus goes into operation, because the 
weight of the upper plate holds the elec
trode assembly together. ( The experi
menter will spend a good part of his time 
cleaning oil from the apparatus .  He is 
therefore advised to resist the tempta
tion of drilling, tapping, screwing and 
otherwise fastening the apparatus to
gether in a solid but time-wasting struc
ture.) The heavier the plate is made, the 
less it is likely to be displaced during an 

drclft-free enclosure 

tight sout'ce 

with 

Semi'schem(ltic dr(lwing of (lPP(lratus for determining the ch(lrge of the electron 
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CLOSEOUT! MECHANICAL DRAWING SET 

Regular Price S18.00-0ur Price Only S6.00 Ppd. 
American mfr. couldn't com
pete with foreign imports
thlls you get a terrific bar
gain. even far below import 
prices. 10 handsome pieces in 
velvet-lined case. Nickel 
plated brass-precision Am
erican-made. 'Ve guarantee 

you' 1 be satisfied or money refunded. 

Stock No. 50.200·S ........................ $6.00 Postpaid 
Quantity Price: 5 Sets for $5.50 each Postpaid 

10 Sets for $5.00 each Postpaid 

TWO-STAGE ROCKET TOY-

Simple, safe-demonstrates pl'indples of 

jet rockets. Uses water and air as fuel. 

First stage soars up 200 to 300 ft.-then 

2nd stage is automatically released, going 

stin higher. A 2nd stage satelllte is also 

included and may be substituted. )[ade 

of Butyrate plastie, Set includes fuel sup

ply tank and air' injection IJump, 

Stock No. 70.157-5 ................ $2.98 pstpd. 

Take Telephoto 

Shots Thru 

7 X SO 
MONOCULAR 

ThIs Is fine Quality. American made instrument-war 

surplus! Actually * of U.S. GOft. 7 J: 50 Binocular. Used 

for general ohservation hoth day and night and to take 

fascinating telephoto shots with :your camera. Brand new. 

$95 value. Ihre 10 .Iapanese corrtpelitlon we cluse these out 

at a bargain price. Directions and mounting hInts included. 

Stock No. 50.003·5 .......................... $15.00 Pstpd. 

INFRARED SNIPERSCOPE 

TELESCOPE & PARTS 
See in the dark-without heing 01)
served. 'Yar Surplus Sniperscolle 
M-2. contaIns the farnolls IP:!5A 
image tube. Gov't cost about $1�00. 
Instrument ('omplete, ready to use. 
Includes Power Pack. infrared light 
source. 'Yill operate from 6 V auto 
battery. Battery or transformer avail
able. 

Stock No. 85.053·S .. 5150.00 fob. 
Save slill more money! Build your 
own Sniperscope! 'Ye will fUnlish in
structions-parts, including: Power 

Packs. IP25A image tubes, light units, filters, etc. For dc
taUs-request FREE catalog "S". 

GIANT MA GNETS! TERRIFIC BARGAINS! 
'Val' surplus-Alnico V type I Horse- � . . ; . r 
shoe shape. Tremendous lifting ... ', e 

power. 5 lb. size. Dimensions:..:\- �, ' " r i 3"4,"; B-2%."; C-4o/16"; D-l"4,"; 
. 

. . 'j-! E-l1,4"; F-2%". Strength is about < .... 
2.000 Gauss. Will lift over 125 lbs. j....t:P ... i 
Stock No. 70.183·S ............................ $8.50 Postpaid 

15·% lb. size. Approximately 5,000·6.000 Gauss rating. 
Will lift over 250 Ibs. 

Stock No. 85.088·5 ............................ $22.50 F.O.B. 
Shipping wt. 22 Ibs. Barrington, N. J. 

American Made
Over 50% Saving 

STEREO MICROSCOPE 
Years in development. Equals $300 to 
$400 instrument. Precision American 
made. Used for checking, insllecting, 
small assembly work. Up to 3" work· 
ing distance. Clear, sharp, erect 
image. Wide, 3 dimensional field. 2 
sets of objectives on rotating turret. 
23X and -lOX. 
Stock No. 85 .056·S .......... $99.50 

f.o.b. Barrington, N.J. 
Low Power Supplementary Lens Atl8chment for above Stereo 
-provides l5X down to 6X with clear. extra large 1%" 
field at 6X. 

Stock No. 30.276·S ............................................ $7.50 

See the Stars. M oon. Planets Close Upl 
3" ASTRONOMICAL REFLECTING TELESCOPE 

60 to 160 Power-An Unusual Buy! 

.... ;;;;::;;;;iiiiiiiiiiiiiiiii.. Famous Mt. Palomar Type 

• You'll see the Rings of Saturn, the fascinating planet Mars, 
huge craters on the Moon, Star Clusters, Moons of Jupiter In 
detail, Galaxies! Equatorial mount with lock on both axes. 
Aluminized and overcoated 3" diameter high· speed f /10 mirror. 
Telescope comes equipped with a 60X eyepiece and a mounted 
Barlow Lens, giving you 60 to 160 power. An Optical Finder 
Telescope, always so essential, Is also included. Sturdy, hard
wood, portable tripod. 

Free with scope: Valuable STAR CHART and 272 page "Astronomy Book." Photographers! This is an actual photograph of the moon taken through our Astronomical 
Telescope by a 17-year-old student. Stock No. 85.050·5 ............................ "." ... $29.95 Postpaid 

Never before such low price. For the 
ftrst time-employs replica grating on 
film-13,400 lines per inch. )Iotlnted 
in aluminum tube 4Ih" long, Ih" dia. 
Demonstrates spectrum; use to check 
light filters. 

REFLEC TING TELESCOPE! Up to 270X! 
With this scope you can see everything as 
abo\'e but with greater power plus will 
split finer stars. �lirror has twice the 
light gathering power. lUrror guaranteed 
to give theoretical limit of resolution. 
Rack and pinion focusing, hardwood tri
pod, real equatorial mounting-only one 
adjustment follows stars! AlumInum 
tube. 6 power finder telescope. 2 stand
ard size eyepieces and mounted Barlow 
lens give you powers of 40X. 90X, 
120X, and 270X. Low-cost accessory 
eyepiece available for higher powers. Free 
handbook and Chart. Shipping weight 
25 lbs. 

Stock No. 30.280·S .... $2.50 postpaid Stock No. 85.006·5 .............................................. $74.50 f.o. b. 

ERECT IMAGE LOW POWER MICROSCOPE 
5X. lOX. 20X 

$80.00 Value-Only $19.95 

Extremely sturdy with rack and pinion 
fOCUSing, color corrected optics, turntable 
m1croscope body for inclined viewIng, three 
dilferent powers, long workIng distance under 
objectives, sufficient e)'e relief for easy view
Ing. �Iade from war surplus optical instru
ment so th'at )'OU actually get $80.00 of \'alue. 
'Veighs 4 lbs., 13" high. IO-DAY FREE 

TRIAL! Accessory objectives available for powers of 15X. 
30X. 40X. 

Stock No. 70.172·S .... """,, ............ $19.95 Postpaid 

WAR SURPLUS 8ARGAINSI 

AERIAL CAMERA LENSES 

Big variety ... at a fraction 
ot Government cos" 

r 6, 24" f.l. with shutter, diaphragm 
and lens cone-used. Weight 25 lbs. 

No. 85.059·5 .. $39.50 F.O.B. Utah 
as above, but new. Weight 25 Ibs. 

No. 85.060·5 . .. ..... $59.50 F.O.B. Utah 
f S. ell)" f.l. no mOllnt or shutter. Weight 6lA Ibs. 
Stock No. 70,186-S. . ... ....... $49.50 Postpaid 
f 5.6. 20" f.l. telephoto with shutter and diaphragm. 
Weight 6%, I1)s. 
Stock No. 70,187-S .' .. .. ...... $65.00 Postpaid 
r 4.5. (j %" f.l. with shutter and diaphragm. Weight 

�t��'k �0�z70.189_S.. . . ... ..................... . $24.50 Postpaid 

MAKE YOUR OWN POWERFUL 

ASTRONOMICAL TELESCOPE 
GRIND YOUR OWN ASTRONOMICAL MIRROR 
Kits contain mirror blank, tool, abrasives. diag
onal mirror and eyepiece lenses. You build instru
ments ranging in value from $75.00 to thousands 
of dollars. 
Stock No. 70.003·5 70.004·$ 70.005-$ 70.006·$ 70.007·$ 

Dia. Mirror Thickness Price 
4'/,,' %" $ 7.50 postpaid 
6" 1" 11.95 postpaid 
8" 1¥," 19.50 postpaid 10" 1%" 30.75 postpaid 12" 2'/," 54.75 postpaid �'; BU ILD A SOLAR 

, EN E RGY FURNAC E 
'. Good Geophysical Year Project 

A fascinating new field. You can build 
your own Solar Furnace for experi
mentation-many prattical lIses. It's 

. ' 1 1 easy - inexpensive - use your scrap , 
wood. 'Ye furnish instruction booklet. 
This Slln Ilowered furnace will generate 
terrific heaL ::WOO° to 3000°. Fuses 
enamel to metal-produces many un

usual fusing effeCls. Sets paper aflame in seconds. Use 
our Fresnel Lens-14*" diameter . f.l. 14". 

Stock No. 70.130·S package of 1 .... $ 6.00 Pstpd. 
Stock No. 70.131-5 package of 2 .... 11.00 Pstpd. 

8 POWER ELBOW TELESCOPE-WAR SURPLUS 
Terrific Bargain! $200 Gov't Cost-Only $13.50 

Big 2" objective, focusing eye
piece 28mm focal length
Amici erecting system-turret 
mounted fllters, clear, red, 
amber and neutral-reticle il
lumination. SparkJing, clear, 
bright Image--6' field (325 ft. 
at 1,000 yds.). Focus adjusts 
15 ft. to lnflnity. 28mm F.L. eyepiece alone Is 
worth more than $12.50. 
Stock No. 70.173·S .................... $13.50 Postpaid 

WAR SURPLUS AMERICAN-MADE 
7X50 Binoculars 

Big savings! Brand new I Crys
tal clear viewing-7 power. Every optical element is coated. 
.An excellent night glass-the 
size recommended for satellite 
viewing. Indi vldual eye focus. Exit pupil 7mm. Appl'ox. field 

at 1,000 yds. Is 376 ft. CalTying case included. 
American 7 x 50's normally cost $195. Our war 
surplus price sa yes you real money. 

Stock No. 1533·S ...................... only $�i
�
��

n
�

'
s!.r.�

i 

REPLICA GRATING-Low, Low Cost 
Take Unusual Color Photos At Nightl 

It's here-after decades of effort. Replica 
Gratlng-(ln film-at very low price. 
Breaks up white light into full spectrum 
colors. An exciting display. 13,400 lines 
per inch. Diffraction Grating has been 
used to answer more questions about the 

--'�=�- �I��v���e ��a�he
an�a�{�:: �'����e a3�Vi��� 

Use it for makIng spectroscopes, for experiments, as a 
fascinating novelty. First time available such large size-
so cheaply-comes in clear plastic protector. 

Stock No. 50.202·5-lncludes 2 pes. 8" x 5%"-1 
transmission type, 1 reflecting type. $2.00 pstpd. 

WRITE 
FOR FREE CATALOG·S 

96 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

Request 
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'*�. � 

IS 

UNIMAT 
THE IDEAL MINIATURE MACHINE 

SHOP FOR RESEARCH LABS 
AND MODEL SHOPS 

M U LTI-FUNCTION PRE CISION MACHINE 

TOOL OCCU PIES NO MORE SPACE THAN A 
TYPEWRITER I Engineers and Designe," sup· 
plement their sketches and blueprints with 
machined-to·soale models anybody can "read". 
Technic{ans in research labs turn out machine 
work with amazingly small tolerances, down 
to .0004-of-an-inch! Manu/ltcturers developing 
new products find UNIMAT indispensable in 
the mock-up shop. Hundreds t of efficiency
minded companies, hospitals and government 
agencies are no,� putting their UNIMATS to 
a thousand-and-one uses ... it's the practical 
machine for making small parts! Lct us tell 
you how they can serve you. 

* BASIC UNIMAT -incll(des motor, lathe amd ('om. 

}Jonents for conveI"ting to drill press, tool and 8urial'e 

lIrinding machine. a'lId polisher·grinder. LOW·(,08t 
(l,ttachmcnts: jig sa1C, t 1�re a.de ,·. circula.r Raw, 
indexer-divider. Plus complete range of mQrlii'llC 
accessories. 

t TO MENTION A FEW: 

Atom Products Division of CE. U.S. Naval RCAcarrh. 
Bell 1'elephone Laboratories. Westinghouse, Pratt & 
Whitney. Raytheon, N l'V-Bellevue Mediral CC'lIter, 
Smithso71ian Institute, General Motors. 

Write for illustrated lite,·ltture and price list 

AMERICAN-EDElSTAAL/UNIMAT DIVISION 
DEPT. DE, 350 BROADWAY, NEW YORK 13, N. Y. 
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350·0 -.>SO V AC 100,000 n. laboratory voJtmeter 
10w to uooVDC c<nt"�.""d 

J?�J off + A � 
� � IIZIZZZI � � (6 on B -..::J � ,.mar 
U5\1 choke:) 
AC iOoo'U ----

CirclIit diagram far the power supply of Ihe apparatus 

experimental run. Electrical contact 
with both plates is made through flat 
springs as shown in the accompanying 
illustration [page 180]. The box is closed 
at the bottom by the lower electrode and 
at the top bv a third metal plate. 

"An observation port is drilled in front 
of the box at the level of the electrode 
space and fitted with a microscope 
cover-glass. The glass is held in position 
by a retaining ring of piano wire. A hole 
for the atomizer is drilled near the top of 
the box; holes are also drilled through 
the metal cover and the upper electrode 
for a thermometer. The bulb of the 
thermometer should be located as far as 
possible from the pinhole in the center 
of the upper electrode. The scale of the 
thermometer should also be kept away 
from the oil spray to avoid fogging. 

"After the assembly is completed, the 
space between the electrodes must be 
measured. Any distance on the order of 
a centimeter that chances to come out in 
the construction is satisfactorY. But this 
distance, whatever it may be; must 
be determined to the extreme limit of 
the experimenter's abilitv, because the 
charge on the electron cannot be deter
mined to greater accuracy than that with 
which the distance is known. 

"The magnifying telescope mav be 
improvised from a microscope, from the 
small telescope of a war-surplus bomb
sight, from a telescope gunsight, from 
half a binocular or from any similar in
strument that provides a tube and an 
eyepiece. The objective lens should have 
a focal length on the order of 50 milli
meters, depending upon the distance be
tween the observation port and the axis 
of the pinhole in the upper electrode. 
The lens from a 35-millimeter camera 
will do. As an alternative, the focal 
length of the telescope objective may be 
shortened by adding an auxiliary lens. 
The diameter of the objective lens is un
important. Any combination of objective 
and eyepiece that can resolve light re
flected by a sphere .006 millimeter in 
diameter is adequate. The eyepiece 
must be equipped with a reticle capable 

of spanning a vertical distance of at least 
a millimeter on the axis of the pinhole 
midway between the electrodes. 

"Once the telescope has been adjusted 
so that drops falling through the pinhole 
are in sharp focus, it should be clamped 
in position. The optical system must 
then be calibrated. A target ruled with 
accurately spaced hairlines is placed 
vertically on the axis of the pinhole, and 
the image of the lines is noted with re
spect to those on the reticle. The calibra
tion must be made with the greatest pos
sible care. Microscope slides ruled with 
hairlines spaced in fractions of a milli
meter are available from optical-supply 
houses. A similar target may be made bv 
ruling hairlines on a metal plate bv 
means of a height gauge of the type used 
by toolmakers. 

"Power for charging the electrodes 
may be derived from a conventional 
vacuum-tube rectifier [see circuit dia
gram above]. Electrolytic capacitors 
are not manufactured for voltages in 
this range, and oil capacitors rated at 
1,000 volts are costly. The ripple current 
and load are low, however, so if one is 
willing to risk an occasional blowout, oil 
capacitors of 400-volt rating may be 
used. (I have had a bank of 600-volt oil 
capacitors across 2,000 volts for longer 
than I care to remember. On the aver
age, I lose one about every two years.) 
The field voltage should be held as con
stant as possible during an experimental 
run. This is best accomplished by insert
ing a variable transformer such as a 
Variac in the power line. A 10,000-ohm 
variable resistor in series with the 100,
OOO-ohm bleeder resistor is next best. 
The fielel voltage should be monitored 
constantly with a good laboratory volt
meter during a run. Do not turn off the 
power supply to observe drops in free 
fall; use the switch shown in the dia
gram. This switch not only cuts off the 
voltage but simultaneously grounds and 
short-circuits the electrodes, thus killing 
the field completely. 

"A 35-millimeter slide projector makes 
an aele4ltate light source. Contrast will 
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BLAST-OFF of supersonic Boeing BOMARC, the nation's long
est-range defense missile. Now in volume production for Air Force 
bases under construction. Other Boeing missile projects that offer 
engineers and scientists outstanding career opportunities include 
Minuteman, an advanced solid-propellant intercontinental bal
listic missile system. 

SAILBOATS on Lake Washington in Seattle, boating capital of 
the U.S. Boeing headquarters are located in evergreen Puget Sound 
area, world famous for fresh and salt water boating, fishing, hunt
ing, camping, scenic forests, dramatic snow· capped mountains, mild 
year-round climate. Wonderful Western living for the whole family! 

SPACE-AGE projects are expanding at Boeing. Above 
is human factors laboratory in which problems of pro
viding environments and controls for space vehicle 
crews are investigated. Celestial mechanics, lunar orbital 
systems and interplanetary systems are other areas 
that offer long-range space-age career opportunities to 
qualified engineers and scien tists. 

BOEING-DEVELOPED electronic counter-meas
ures simulator, part of huge electronics installation. 
Boeing research and development facilities are the 
most extensive in industry. They could help you get 
ahead faster. Look into Boeing opportunities available 
now, in Research, Design, Production and Service. 

Write today, for .r0ur free copy Of 
24-page booklet , 'Environmentfor 

Dynamic Career Growth." It pictures 
the career areas and advantages that 

could assure you a brighter future. 

Mr. Stanley M. Little, 
Boeing Airplane Company, 

P. O. Box 3822-SAC, Seattle 24, Washington. 

Send me the Boeing career booklet by return mail. 

Name ................................ . 

Address.......... .............. . ... . .. City . . . ... . . .. State .. 

Degree(s) . ..... . ... . . . .......... Field of interest. ... ....... . .. . . . . 

Experience ................................................... . 

BOEI.NG 
1 79 

© 1959 SCIENTIFIC AMERICAN, INC



For every require:m.ent-
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 

\ii _____ ." INSTRUMENTS , INC. 

Main at Covert Street • Port Washine:ton, New York 
POrt Washington 7·4843 

In Canada 
Wild of Canada Ltd., 157 Maclaren St., Ottawa. Ontario 
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be improved by covering the rear wall of 
the enclosure at the level of the space 
between the electrodes with a swatch of 
black velvet . The drops should appear 
as brilliant pOints of light against a jet
black field. 

"One note of caution: Never forget 
that you are working with lethal voltage. 
Resist the temptation to grope for the 
field switch or other controls while 
squinting through the telescope. Finally, 
provide writing materials, a stop watch 
and a good barometer. 

"To make a run, fill the atomizer with 
a light, nonvolatile oil. Do not use watch 
oil, which reacts chemically with lucite . 
Check to assure that the field voltage is 
off, then spray the smallest possible 
amount of oil into the upper chamber. 
( Excess oil accomplishes nothing be

yond increasing the frequency of clean-

hole for 

tudte 
Spiilcer 

ups . )  Then relax for 10 minutes or so .  
Interesting drops in free fall cover about 
three millimeters per minute, so they re
quire an appreCiable interval to find 
their way through the pinhole into the 
observation space. In the meantime a 
table may be ruled, headed like the one 
made by Millikan [see page 183]. Now 
light the region beneath the pinhole with 
the slide projector. When the telescope 
shows drops in the field, switch on the 
field voltage momentarily to eliminate 
drops carrying heavy charges .  

"Now enter the barometric pressure 
and the temperature of the chamber on 
the table just prepared. Apply the field 
again and search for a drop that rises 
slowly. ( This assumes that the telescope 
is equipped with an erector system. If it 
is not, the motion will appear reversed .)  
Permit the drop to  rise about a milli-

he4VY 
metal 

top 

Box 0/ the apparatus 
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I Systems Specialists I ,. jI! 
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� rom � 
� I 
� jI! 
jI! I 
� jI! 
jI! THE '-
� MITRE � 
jI! '-� '-,. '-
,. � 
jI! '-
� Systems Engineers and Scientists are afforded a unique opportunity jI! 
jI! '-i to join, during its formative stages, this non-profit organization created i i to provide system engineering support to the Air Defense Systems i 
� Integration Division (AD SID) of the United States Air Force. i 
jI! '-
� � 
� Men with outstanding capabilities in the problems associated with large- � 
jI! '-
� scale subsystems such as: jI! 
jI! '-jI! jI! 
� '-
� COMMUNICATIONS SYSTEMS. '-
� '-
,. DETECTION SYSTEMS � 
,. '-
� DATA PROCESSING SYSTEMS '-
� '-� � 
� WEAPONS SYSTEMS � 
,. � 
� '-
,. are invited to make confidential inquiry. '-
,. jI! 
jI! '-
� '-
� Please contact Director of Personnel i 
� '-� THE MITRE CORPORATION � 
� � i 244 Wood Street· Lexington 73, Massachusetts i � � 
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� '-� I 
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Metallurgists, Physical Chemists, 
mical Engineers, PhD, MS, BS 

LLURGY 

POWER 
FOR FLIGHT 

High strength at high temperatures - for long service missions (30 days of continuous 

flight and more are envisaged) is a primary consideration in the selection and develop

ment of materials for structures and components of General Electric's 2nd and 3rd 

generation nuclear propulsion systems for flight application. 

A complex of additional parameters, however, must be taken into· consideration by 
G-E engineers and scientists ... radiation effects, nuclear properties for specific appli
cation, stringent weight limitations, etc. 

Engineers and Scientists who vallie the opportunity to do original work with a company 

that fosters free inquiry and initiative, are invited to inquire about positions now open 

in both ApPLIED RESEARCH and MATERIALS DEVELOPMENT: 

DIRECT processing and procurement of basic alloys 
for elevated temperature applications. PhD, MS, 3·7 years 
experience. 

CON DUCT liaison with technical production and project 
personnel on problems related to quality in fuel element 
production. PhD, MS, 3·7 years experience. 

ADVISE Materials Testing Lab on materials problems 
and techniques. Direct experimental, physical, mechani· 
cal and electrical tests. PhD, MS, 3·7 years experience. 

CARRY ON investigations of reactions in the solid 
state for Materials Testing Laboratories. PhD, PhYSical 
Chemistry. 

PARTICIPATE in research on advanced moderator mao 
terials. Investigations in field of ionic, covalent and 
metallic bonding; hydrogen stability in metals at ele· 
vated temperatures; kinetics of advanced moderator 
systems, MS. 

PERFORM laboratory investigations in metallurgical 
melting, casting, fabricating and forming processes. Also 
phase studies; solid solution alloy studies. MS preferred. 

DIRECT studies on materials used in moderator mate· 
rials development. PhD. 

PROGRAM and evaluate specific tests on fuel element 

materials and assemblies. Compile and publish data. 
MS, BS, 5·7 years R&D experience. 

CONDUCT project technical liaison on materials selec· 
tion and processing. Develop design data on materials. 
BS, 5·7 years experience with high temperature alloys. 

CARRY OUT liaison with materials subcontractors. BS 
with 7·9 years experience in development or sales engi· 
neering. 

ASSIST in development of instrumentation for measur· 
ing high temperatures and other instrumentation. MS. 
5S, 1·3 years experience. 

If you qualify, please write in confidence, 

including salary requirements, to: Mr. P. W. Christos, Div. 59·ME 

AIRCRAFT NUCLEAR PROPULSION DEPARTMENT 

GENERAL fj ELECTRIC 
P.O. Box 132 • Cincinnati 15, Ohio 
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meter above a selected graduation on 
the reticle. Then switch off the field and 
time the drop in free fall. Permit the 
drop to move a millimeter beyond the 
terminal graduation. Record the read
ing on the table under 'free fall. '  Then 
switch the field on and time the return 
transit. If the field is heavily populated 
by drops,  it may be difficult to keep track 
of a selected drop while looking away to 
record the transit time.  This difficulty 
can be overcome either by learning to 
make entries on the table while keeping 
one eye on the drop, or by enlisting a 
helper to do the recording while you call 
out the observations . 

"Occasionally a drop will collide with 
an ion and change speed. Record the 
transit and go right on tabulating. You 
can throw out the questionable entry 
later. Try to record 50 or more transits 
before shifting to another drop . 

"For the experiment to have meaning 
the drop must collide with at least one 
ion while under observation; the more 
ions it collides with, the better. Such 
collisions may become infrequent as the 
run continues, because ions created by 
the injection of oil tend to recombine 
and therefore to decrease in number. 
The experiment will proceed much more 
rapidly if the supply of ions can be re
plenished by irradiating the space be
tween the electrodes with X-rays. An 
X-ray machine of the type described in 
'The Amateur Scientist' by Harry 
Simons of Kearny, N. J. is inexpensive 
and easy to make [ see "The Amateur 
Scientist," July, 1956] .  The extreme 
hazard of working with X-rays must not 
be overlooked. The tube must be shield
ed by a container of lead at least three 
millimeters thick. A hole equal in diam
eter to the space between the electrodes 
is drilled in the tube end of the shield . 
The fan-shaped pattern of radiation 
from the hole is directed into the ob
servation chamber through the lucite 
spacer opposite the light source. Stand 
well behind the X-ray unit when it is in 
operation. An exposure of a second or 
two will provide a good supply of ions. 

"After the times of free fall and rise 
have been tabulated, the constant values 
are recorded. Th�se are the distance in 
centimeters between the electrodes, the 
distance of rise and fall, the field poten
tial, the oil density ( the reCiprocal of the 
weight, in grams, of one cubic centi
meter of oil ) ,  the temperature, the baro
mlltric pressure and the viscosity of air. 

"The rest is plain arithmetic. First, 
run off the average time of free fall for all 
the drops observed. Note that Millikan's 
table lists only 11 observations of free 
fall. This compares favorably with the 

DISTANCE BETWEEN ELECTRODES .71 35 CENTIMETER 

DISTANCE OF RISE AND FALL . 1 45 CENTIMETER 

POTENTIAL OF ELECTR IC F IELD 735 VOLTS 

BAROMETRIC PRESSURE 74.26 CENTIMETERS OF M�RCURY 

TEMPERATURE 2 1 .5 DEGREES CENTIGRADE 

DENS ITY OF OIL .893 GRAMS PER CUBIC CENTIMETER 

VISCOSITY OF AIR .000 1 8 1 7  

TIME OF 
FREE FA[L 

(SECONDS) 

. 
TIME OF RISE : AVERAGE !. CALCULATED 

NUMBER 
! I I I I , , CHARGE ON DROP 

WITH F IELD TIME OF R ISE , 
( ELECTROSTATIC 

OF CHARGES
! 

MAGNITUDE 
OF INDIVIDUAL 

CHARGE 
1 1 01 0 x e )  

34.4 
33.9 
34.5 
34.3 
34.0 
34.4 
34.2 
34.3 
33.9 
33.8 
34.2 

(SECONDS) (SECONDS) I 
UN ITS) i ON DROP : 

+ I - -=r� 28.6 
28.5 
28.6 
28.7 
29.0 
29. 1 
29. 1 
28.4 
28.9 
29.0 
29. 1 
28.6 
28.7 
28.3 
28.6 
28.7 
29. 1 
28.9 
29.0 

28 .77 

. I 
I 

, >9 ,  1 0-" I 4.79 

1 
I I I-�: : l--t----· ---+--I! . --+' ------1 0 . 1  

I I 1 0.2  

4 . 725 I i ! ! I 1 0 " 

I '
'

' ,  "-,, I ' I �� - -_·· ······1'···--_·-·· 

6. 1 , , 
6 .0 
6.2 
6. 1 

� : : 
4.5 

I ' "  I ,
,

� ,  "- , ,  I 3 I ' " ·\- 1-+-+----. : I 
"", "-,, I , I 

4.6 
4.4 
4.4 

4
.
3 

4.47 
4.5 

4
.5 

4.73 

I 4.6 

4
.4 

A typical table of observations from Robert A. Millikan's oil-drop experiment 
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where the North 
meets the South 
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A R E  
YO U 

� � WAY 
O UT 
T H  E R E " ?  

E L E C T R O N I C  E N G I N EE R S  A N D  

S C I E N T I S T S  - w h e th e r  t h e i r  i n 

te re sts a r e  "way o ut th e r e "  o r  

c l o s e r  h o m e  - c a n  c o u n t  o n  

r e c o g n it i o n  at M a rt i n .  Yo u r  r e a d i ------
n e s s  fo r m o re r e s p o n s i b i l i ty w i l l  

b e  r e v i e w e d c o n stant l y ,  ve r if i e d  

b y  to p-fl i g h t  m e n  e a g e r  to fu rth e r  

y o u r  a d van c e m e nt f o r  t h e  b e n ef it  

o f  a l l .  

I f  y o u r  f i e l d  i s  Nav i g ati o n ,  G r o u n d  

S u p p o rt E q u i p m e n t ,  A n t i - S u b 

mar i n e  Warfa r e ,  S u rv e i l l a n c e  o r  

a n y  o th e r  b ra n c h  of e l e ct ro n i c s ,  

w r i t e  o r  p h o n e  W i l l ia m  Spa n g l e r , 

Profe s s i o na l  E m p l o y m e nt,  D e pt. 

SAS, T h e  M a r t i n C o m p a n y, 

Balt i m o re 3, M a ry l a n d .  

number o f  rise times observed for eacll 
state of charge on the drop. The figures 
are therefore about equall), good. The 
rise times for each state of charge are 
then averaged and entered on the table. 
The distance of rise and fall is now di
vided b), the average times to give the 
speed of the drops in centimeters per 
second. ( On M illikan's table the aver
age time of free fall through . 145 centi
meter is 34 . 17 seconds. This converts to 
a velocit), of .00424 centimeter per sec
and. ) The computed value is entered as 
the terminal velocit), ( V )  in the formula 
for the radius of the drop ( 1' ) given in 
the accompan)'ing table [below J .  The 
remaining values required b), the formu
la are taken from the table and from a 
reference text such as H (l11dbook of 
Chemist1'Y a n d  Physics . 

"The radius of the drop is then com
puted and entered in the formula for 
electric charge ( q ) ,  also given in the 
table. After inserting the other constant 
values required b), the formula, the 
charge is computed for each of the rise 
times and entered on the table under 
'Calculated Charge on Drop ( Electro
static Units ) '. Determine the difference 

1" =  

- b  
P 

wh e. r e : 
r =: ra d i us of d rop in e m  
V= term i nal  ve locity of d r o p  

in em/se c 
g ""  accele ratio n of g rav ity 

i n  cm/see� 
p =. d e n si ty o f  oi l i n  sm/crn3 
Pm= d c n s it y  o f  dt m o � ph e rc; 

i n  g m / cm3 
lJ == v i .s c o s ity of atm o 5phere 
b = . 000 6 1 T  
P = b arom e tr ic pressu r e  i n  

e rn  o f  m e rc u ry 

q =  
w h e re ; 

V + V;l 
V 

q = e lectron i c  cha rge i n  
e l £ ctro stat;c un i ts 

V= terminal vclocity (downwdrd) 
of d rop i n  em/sec 

VI = term inal  "c/oc i ty(upward) 
of d rop in cm/sec 

r = ra.d i us of d r o p  a.. � c o m
p u t ed 

E = " Ie etri c field in volts/em 
(a. I I  other u n i !!>  as p revi o us ly 
def i n ed ) 

Equat ions /01' the oil.drop experiment 
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Energy conversion is our  bus iness 

Just an annoyance? 

A symphonic note? 

Is it harmful? 

How can it be put to use? 

Waste energy ? 

W h a t  a r e  i t s  p s y c h o l o g i c a l  
a n d  physi ological results? 

What is a phonon ? 

A precise definition of sound 
is i m p o r t a n t  to A l l i s o n  b e 
c a u s e  e n e rgy c o n v e r s i o n  i s  
o u r  business a n d  sound is a 
form o f  e n e r gy. We c o n v e rt 
the energy of sound to destroy 
materials, to nondestructively 
peer into material, to join ma
terials without applying heat 
from an arc or a torch, and for 
myriad other applications. 

Using the knowledge obtained 
from our inquiries, Allison is 
applying its systems engineer
ing concept to new research 
projects. In this effort we com
plement our own capabilities 
by drawing upon the intellec
tual and physical resources of 
General Motors Corporation, 
its Divisions, and other indi
v i d u a l s  a n d  o r g a n i z a t i o n s .  
Thus w e  increase t h e  effective
ness with which we accom
plish our mission - exploring 
the needs of advanced propul
sion and w e a p o n s  s y s t e m s .  

I f  y o u  h a v e  a d v a n c e d  a c a 
demic recognition a n d  appro
priate experience in the field 
of science and research, we 
would like to hear from you_ 
Wr i t e  R. C_ S m it h ,  S a l a r i e d  
Personnel, Dept. E-1 .  

Division of General Motors, 
Indianapolis, Indiana 
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WO N D E RS 
OF TH E 

U N IVERSE 

$395 
2' X 3' mural 

THREE MURALS FOR $11.  
SET OF TEN MURALS $35. 

These dramatic murals are exact reproductions of the famous originals and the wealth 
of detail. �pecially in the lunar sccnes, is truly remar.kable. Prints are repro
d�ced on fine paper by the Collotype method: a screen-less facsimile process. Each 
print has a washable non-gloss vinyl coating and a white border. Astro Murals have 
been nationally publicized in Look, Popular Sciena, True I H oust &: Home. and on the 
Garroway Today show. Astra Murals of aU sizes are in use in universities and plan
etaria where they have received the endorsement of professional astronomers. 

7. SOLAR PROMlNENCI!I 

I astrolrn u rals I 23 1 West 58th Street, New York 1 9, N. Y. 

Name . . . . . . . . . . • . . . . . . . . . . . . . . . • . . . . • . . . . • • . . • . . . . • . . .  � .  

Address . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

City. . .  . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . �State . . . . . • .  " • . • . . .  

o Money order 0 Check enclosed ror sum of . . . . .  . 

OPTICAL 
STRAIN·MEASURING 

INSTRUMENT 

No, not eyestrain! I t  was built t o  measure 
tensile properties of fuel and structural ma
terials at temperatures found in a nuclear 
reactor. It uses an ingenious mechanical
optical system to find out how much stretch 
specimens will take before giving up. 

The instrument makes measurements at 
temperatures up to 800° C. with direct read
ing to .05 mils. It enables the cautious in
vestigator to study radioactive substances 
safely. It lets you get next to the specimen 
without letting it get next to you. 

The optical strain-measuring device is but 
one in our constellation of precision scientific 
and optical instruments for laboratory and 
shop. If accurate inspection or measurement 
is your problem, these may help you : 

Bul letin 1 47, "The Toolmaker's Microscope, "  for 
precision shop measurements. 

Bul letin 202, "The Coordinate Plate and Film 
Comparator , "  (or ultracentrifuge and electro� 
phoresis techniques. 

Gaertner 1 236 Wrightwood Ave. 

Chicago 14, lJIinols S C I E N T I F I C  C O R P O R A T I O N  
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Gentlemen: 
Please send 'he 

cirdcd items: 

10 

10. MOON-rOtIRTEEN DAYS 
BroeTlure descrfbing giant wall murals 

enclosed with each order. 
Orders sTJiJ'l1ed 1)ostpaid in 

moiling tube. Sorry, no COD',. 

"BIG" LENSES ?e�� ���Ci���l ��n�����; 
the largest in the United 

States avallable for immedIate dellvery. Perfect magnesimn 
fiuorlde coated and cemented athromatic telescope objectives. 

. Aluminum tubing and cells available for lenses llsted below . 

I Send for complete list of other d iameters and focal lengths. 
O ia. F . L. EACH Oia. F . L. EACH 

��:: tg:: : I �}g �*:: �r;... m:gg 
2"." 24"." $12.50 3 � "  40" $30.00 

��:: �g:: : :Ug �;t::: ::11: :gUg 
We can supply A L U M I NU M  T U B I N G  for the above lenses. 

MOUNTED AIR SPACED OBJECTIVES 
T h e  finest American Made. hand-corrected 

air-spaced astronomical objectives ; 
t"lounted in black anodized alumInum cells. 

O I A. f . L .  P R I CE P R I C E  ��:: :�: �:t:� �l�:gg �gt g�:t:� IlS:gg 
6" DIA. AIR S PACED 

A ST R O N O M I CAL 
TELESCO PE OBJECTIVE 

Hard 

f/l 0-60" 

f/ 1 5-90" 

coated on 4 surfaces 

focal length MOUNTED $ 1 75.00 
UNMOUNTED $ 1 50.00 

focal length MOUNTED $ 1 75.00 
UNMOUNTED $ 1 50.00 

The effective aperture of the above lenses is six inches. 
The black anodized aluminum mount fits into seven 
inch dla. aluminum tubing. 

8 PO W E R ELBO W T ELES COPE 8x50 
This M·l7 
degree apparent 
The telescope can 
teet to infinity. It 
tog eyepiece 28mm 
Amici erecting 
filters. clear. red. am 
housing to illuminate 
nIght - time use, Truly 
bargain were 
Original U."ern,me,ot 
B A R GA I N  P R I C E . I 
AST RO NO M ICAL T ELES COPE M I R RO RS 
Precision polished to '14 1 Dia. F . L. Postpaid 
wave and aluminized. Mlr- 3i\r" 42" $ 9.75 
ror mount, rack and pin- 4 � "  Pyrex 45" $13.50 
ion, tubing available. 6" Pyrex 60" S25.00 

I Free Catalogue " M I L L I O NS" of Lenses. etc. I 
We pay the POSTAG E-C . O . D . l s  you pay postage-Sat i sfact ion 
guaranteed or money refunded i f  returned within 10 days. 

between each of the tabulated charges 
by subtracting the lower value from the 
next higher for all computed tabulations. 
A certain minimum difference will be 
found. The total charge on each drop 
will be some integral multiple of this 
minimum, which should approximate 
4.8 X 10-10 • Dividing the calculated 
charge on the drop by this minimum 
gives the number of charges on the drop_ 
( The quotient must be rounded off to 
the nearest whole number. ) The calcu
lated charge on the drop is  then divided 
by the number of charges .  This quotient 
is entered in the final column ( 'Magni
tude of Individual Charge' ) and com
pared with the most recent determina
tion for the charge on the electron : 
4.8029 ± .000 1 X 10-10 electrostatic 
units." 

Some appreciation of the far-reaching 
consequences of this experiment can be 
gained by considering its influence upon 
the theory of the photoelectric effect. All 
substances emit electrons under the in
fluence of light. By placing a negative 
electrode close to the substance and con
necting a battery behveen the two, a 
voltage can be found that is just suffi
cient to stop outward-bound electrons. 
It turns out that the stopping voltage de
pends solely on the color of the light and 
not at all on its intensity. Einstein ex
plained this in 1905 by supposing that 
all the ejected particles carry an identi
cal charge, which when multiplied by 
the stopping voltage just equals the 
product of a certain quantity h ( which 
Max Planck had derived to explain the 
radiation of energy from a "black body" ) 
and the frequency of the light minus the 
amount of energy required by the palti
cle to break free of the substance. This 
theory made no sense to most physicists 
of the day, because it required the light 
to be radiated in chunks of a size deter
mined by the constant h, which Planck 
apparently had pulled out of thin air. 

"At the time it was made," wrote 
Millikan, "this prediction [by Einstein] 
was as bold as the hypothesis which sug
gested it, for at that time there were 
available no experiments whatever for 
determining anything about how the po
tential necessary to stop the discharge 
of the negative electrons varied with the 
frequency of the light or whether the 
quantity h to which Planck had already 
assigned a numerical value appeared at 
all in connection with photoelectric dis
charge. We are confronted, however, 
by the astonishing situation that after 
ten years of work at the Ryerson Labora
tory this equation of Einstein's seems to 
us to predict accurately all of the facts 
which have been observed!" 
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NOTABLE ACH I EVE M ENTS AT J PL • . •  

The JPL tracking station at Goldstone 
in the Mojave Desert in California 

Early on M a rch 3, 1959, Pioneer IV 

space probe was l a u nched from Cape 
Ca navera l ,  Florida to become America's 

f i rst d e e p - s p a c e  ve h i c l e  c a p a b l e  of 

esca ping the earth 's gravitational  pul l _  

On its way past the moon a n d  out into 

orbit a round the s u n ,  this new m a n -made 

planet sent back va l u a ble information on 

the radiations present in  space_ Severa l 
Free Wo r l d  t ra c k i n g  s t a t i o n s  c l ea r l y  

rec e i v e d  i t s  t ra n s m itted s i g n a l  a n d  

helped to esta bl ish its dista nce, velocity, 

a n d  d i rection_ 

U n der the sponsors h i p  of the National  
Aerona utics a n d  Space Ad m i n istration,  

J PL designed a n d  b u i lt n ot only the con

i c a l  p a y l o a d  of P i o n ee r  IV but a l s o  
t h e  t h ree u p p e r  stages of t h e  J u n o  I I  

launching vehicle, conta i n i ng n ew high
performanceJ PLsol id propellant rockets. 

• 

Over a yea r ago the sa me J PL tea m ,  

i n  cooperation with ABMA, gave America 

its fi rst earth satel l ite, Explorer I ,  using a 

s i m i la rly rel iable veh icle - the J u piter C. 

Now, more adva nced space vehicle 

progra ms a re u n der way at J PL - pro

gra m s  w h i c h  i n c l u d e  deve l o p m e n t  of 

g u i d a n c e  a n d  p ro p u l s i o n  systems for 

accurate maneuvers many m i l l ion m i les 

from the earth • 

C A L I F O R N I A  I N S T I T U T E  O F  T E C H N O L O G V  

OPPO RTU N I T I ES NOW 

OPEN IN T H E S E  F I E LDS 

J ET PROPULS I O N  LABO RATO RY 
A Research Facil ity af the Natianal Aeranaulics and Space Admin islralion 

PASA D E N A ,  CAL I FO R N I A  

.. A P P L I E D  M A T H E M A T I C I A N S  - P H Y S I C I S T S · S Y S T E M S  A N A L Y S T S · C H E M I S T S · I B M . 7 0 4  P R O G R A M M E R S  ,. e lECTRONIC, MECHAN I CAL, CHEM I CAL, PROPU LSION, I NSTRUMENTATION. MICROWAVE, AERONAUTI CAL AND STRUCTURAL ENG I N EERS 
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For the .finest selection of serious 
scientific literature published today, 
scientists themselves turn in growing 
numbers to The Library of Science. 
Nearly 50,000 working scientists, 
educator.s and advanced readers in 
all walks of life now belong. To these 
members, The Library of Science 
offers each month their choice of the 
authoritative, genuinely important 

volumes from every area of the world 
of contemporary science- and always 
at substantially reduced Member's 
Prices. 

To join this select group of readers, 
simply choose your first selection from 
among those listed below. As a mem
ber, you need purchase as few as 5 
more selections in the next 24 months 
from the 75 or more fine volumes 
available at reduced Member's Prices. 
After every fourth S election, you 
receive a free Bonus Book of your 
choice - in addition to your Member
ship Gift of either the Scientific Ency
clopedia or A History of Technology. 

Newly revised and en
larged Third Edition. Over 
1 800 pages, 1400 illustra
tions (many in color) , 
10,000 d efinitions and 
more than 14,000 separate 
articles. Thumb-indexed 
and cross-referenced,  it 
presents the most ad
vanced theories, findings 
and applications of every 
important field of science. 

Retail Value $29.75 

:The Library of Science 
59 Fourth Avenue, New York 3, N. Y. 

Enroll me as a member and send my choice of Membership Gift, 
along with my first Selection at the reduced Member's Pnce, as 
indicated below. I need take as few as 5 more Selections during the 
next 24 months, and in addition to my Membership Gift I will 
receive a free Bonus Book of my choice after every four Selections 
I accept. 
Membership Gift _________________ _ 

Fnst Selection ___________________ _ 

Additional Selections Desned _____________ _ 

Name ________________________ ___ 

Address _____________________ _ 

City 

188 

A HISTORY Of 

TecbJ;lOlogt}Jl" : �ii1l1l1ll:t��i 
A HISTORY 

MATH EMAT ICS I N  
WESTERN CULTURE 
By Morris Kline 

teA stimulating and read
able book . . .  unfalteringly 
clear in explaining math
ematical ideas ."- Scien
ti/ic American. LIST PRICE $8.00 

Member's Price $5.75 

FRONT I E RS I N  SCI E NCE 
Edited by 

Edward Hutchings, ]r. 
Latest findings in the im
portant areas of contem
porary research-Pauling, 
Oppenheimer, Beadle,  
Hoyle, 25 others. LIST PRICE $6.00 

Member's Price $4.95 

OF TECHNOLOGY 
Volumes 1 and 2. Edited 
by Charles Singer, others. 
A truly encyclopedic rec
ord of the early develop
ment of the sciences. 1 666 
pages and over 1400 illus
trations, covering chemis
try, engineering, math
ematics and many more. 
"Embraces all of science . . .  
i n  a setting that will inter
est the working scientist." 
-Henry Margenau. 

Retail Value $53.80 

from among these six important works 
TH E LOGI C  

O F  S C I E N T I F I C  D I SCOV E RY 
By Karl R. Popper 

The distinguished schol-
���ili:n;lriros��h�

i
�f�6i� 

ence, published for the 
first time L�l'�IH!Eh$7. 50 

Member's Price $5.50 

PROJ ECT S H E RWOOD 
By Amasa S.  Bishop 

The first complete story 
-prepared for the Atomic 
Energy Commission - of 
the United States pro
gram in controlled, nu
clear fusion. LIST PRICE $5.75 

Member's Price $4.75 

SOV I ET SPACE SCI E NCE 
By Ari Shternfeld 

The Russian story of arti
ficial satellites, by a lead
ing Soviet space scientist. 
Illustrated, official U. S .  
Air Force translation. LIST PRICE $6.00 

Member's Price $4.95 

LOG I C  MAC H I N E S  
AND D I AGRAMS 

By Martin Gardner 
Comprehensive introduc
tion to this fascinating 
field. ClInfonnative, non
technical and thoroughly 
entertaining." - Edmund 
C. Berkeley. LIST PRICE $5.00 

Member's Price $3.95 
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by Stephen E. Toulmin 

THE LOGIC OF SCIENTIFIC DISCOVERY, 
by Karl R. Popper. Basic Books, Inc. 
( $7.50 ) . 

C
riticizing creative work is one 

thing; formulating the canons of 
criticism is another. Working sci

entists, like artists, have a direct but 
often inarticulate grasp of what it is that 
makes a new piece of work worthwhile; 
they will argue about each other's origi
nal theories and ideas in a way that is 
sometimes rough but usually just, with
out pausing to state in so many words 
the standards on which their judgments 
are based. Indeed, in both art and sci
ence the theory of criticism has tended 
to become divorced from the practice of 
the craftsman-even from the practice 
of the critic-and this double removal 
can make the philosophy of science ( like 
philosophical esthetics ) unintelligible to 
the craftsman whose work it is supposed 
to fit. There is a story of the great Eng
lish painter J. M. W. Turner sitting for a 
whole evening while a circle of his in
tellectual friends talked with high seri
ousness about the Principles of Art: 
Turner himself sat silent until it was 
time to go, and, as he buttoned his great
coat across his stocky figure and passed 
through the door, he was heard to utter 
the words: "Rummy thing, painting!" 
How many scientists who have heard a 
philosopher expounding the principles of 
their own work are tempted to echo this 
comment! 

Of course the philosophy of science 
has to be tackled, and it can be tackled 
well or badly. Topflight scientists can be 
as interesting and perceptive in their re
marks about the nature of their craft as 
the most articulate painters and writers. 
(One thinks of men like Werner Heisen
berg and the nerve phYSiologist E. D. 
Adrian. ) 'rVe must nonetheless feel a 
little uneasy at the breadth of the gulf 
that now separates scientists and philos
ophers in their talk about the nature, 

BOOKS 
Concerning the philosophy which holds that 
the conclusions of SClence are never final 

methods and principles of science, and 
the appearance in English translation of 
Karl R. Popper's notable book Logik der 
Forschung (The Logic of SCientific Dis
covery) provides a natural occasion for 
asking some questions about this gulf. 
Is it broader than it need be? Are logi
cians setting about their task from the 
right angle? Can we hope to restore com
munications between the practitioners 
and the philosophers of science? 

One false ideal has especially beguiled 
philosophers in their attempts to state 
the canons of good science. This is the 
ideal of pure mathematics and symbolic 
logic, with their strict methods of proof, 
their formal structure and the seeming 
certainty of their certified results . The 
philosophical rationalists of the 17th and 
18th centuries dreamed of finding for 
natural science a method, and canons of 
adequacy, as final and rigorous as those 
of mathematics. "With the principle of 
non-contradiction alone," claimed Leib
niz, "the whole of mathematics can be 
proved"; and by the sole addition of his 
Principle of Sufficient Reason he thought 
he had made the principles of "natural 
philosophy" -as scientific theory was 
then called-as "real and demonstrative" 
as mathematics. This extreme ambition 
had to be abandoned after Kant, yet 
there is a less drastic hope that even phi
losophical empiricists have nourished. 
Of course the foundation of all science 
(they would say ) is experiment and ob
servation : Without a basis in experience 
there can be no discovery about nature. 
But let us at any rate state the rules for 
making discoveries, the exact forms that 
our scientific inquiries and arguments 
must take in order to certify for ourselves 
that our results, while rooted in our ex
perience, are securely rooted, rigorously 
inferred and uniquely established-in a 
word, proved. It was not Francis Bacon 
alone who dreamed of a new "organon": 
a system of logic that would do for the 
methods of scientific discovery what 
Aristotle did for the formal syllogism. 
Bacon was but one figure in a long tra
dition, of which the most influential rep
resentative in the last century has been 
John Stuart Mill, and whose present 

standard-bearer is Rudolf Carnap, for
merly of Vienna and now at the Univer
sity of California at Los Angeles.  The 
logician's task in his study of science, 
these men would claim, is to show how 
we can justify the explanations the sci
entist gives by formalizing his argu
ments, and to characterize in logical 
terms the ways in which he passes from 
his observations to either a true con
clusion (e.g., that all known planets have 
elliptical orbits ) or a probable one (e.g., 
that all crows are black, or that smoking 
causes cancer ) .  And if there turns out 
to be some difficulty in presenting the 
arguments of sophisticated modern sci
entists in these simple and seemingly 
conclusive forms-well, that shows only 
that quantum mechanics, say, has not 
yet been formulated strictly "according 
to the rigorous standards of modern 
logic." 

In opposition to this tradition in the 
philosophy of science stands another, of 
which in recent years Karl Popper has 
been one of the most vigorous spokes
men, both in Vienna before the An
schluss and later in England. The reader 
in Britain or the U. S. who has en
countered Popper probably knows him 
best for his views on political theory and 
the philosophy of history. In a series of 
passionate yet acutely argued books and 
papers he has rubbed our noses in the 
faults that afHict so many theories about 
the march of history.' Physi�s is one 
thing; histOlY is another. The laws of 
motion and of gravitation apply directly 
to the solar system, for example, as a 
result of special circumstances that no 
longer hold when we study the historical 
process; the idea that the lives of men 
and of nations are subject to determin
istic and comprehensive "laws of his
torical development" is a fallacy born of 
a false analogy. This false analogy be
tween the study of history and such sci
ences as planetary dynamics he calls 
"historicism," and to historicists, or to 
those whom he suspects of that heresy, 
Popper shows no mercy. Let them ex
cuse the variability of actual events by 
dubbing the laws of history "dialectical," 
l et them seek to find a loophole for free 
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will in the deterministic chain-mail of 
history that they have constructed for 
themselves-however they twist and 
turn, Popper is after them, declaiming 
forcibly and to good effect ( sometimes 
unfairly ) ,  seeking out and denouncing 
error wherever it may be found. As a 
result, those of us who have read and re
flected on his books The Open Society 
and Its Enemies and The Poverty of 
Historicism have had our vision perma
nently reoriented. We can no longer 
pick up Hegel or Marx or Spengler or 
even Toynbee without detecting a whiff 
of burning: the scent of heresy. The idea 
of the "historical dialectic" has lost its 
intellectual attraction for us. 

The campaign against historicism has, 
however, been only incidental to Pop
per's chief aims as a philosopher. To see 
clearly the differences between physical 
science and history it is not enough to 
keep a clear head about history: one 
must also have a thorough understand
ing of the methods of physics. Indeed, 
Popper's arguments about sociology and 
history have always been based on his 
more general views about science and 
its methods. Logik der FOTschung has 
been available in German for a quarter 
of a century now; it was published in 
Vienna in 1934. But though rumor has 
told us for a dozen years that one trans
lator or another had an English version 
almost ready for the press, we have 
waited until 1959 for the writer himself 
to provide us with an authorized trans
lation into the English language. The 
book has been rendered with a scrupu
lousness and a fidelity to the original 
that most of us would reserve for other 
men's work. Though Popper must pre
sumably have had some fairly drastic 
second thoughts in these intervening 
years, he rarely lets us glimpse them 
here, and we are given the 1934 text 
unaltered apart from the addition of 
some new footnotes and appendices. 
These second thoughts are to be pub
lished separately, in a postscript to be 
called After Twenty-Five Years, and this 
we are promised in a few months. 

Popper's opposition to the Baconian 
tradition is stated uncompromisingly in 
the final paragraphs of the book; and 
these are worth quoting, for they form 
one of the best passages he has written. 

"The old scientific ideal of episteme
of absolutely certain, demonstrable 
knowledge-has proved to be an idol. 
The demand for scientific objectivity 
makes it inevitable that every scientific 
statement must remain tentative forever. 

It may indeed be corroborated, but ev
ery corroboration is relative to other 
statements which, again, are tentative. 

Only in our subjective experience of 
conviction, in our subjective faith, can 
we be 'absolutely certain.' 

"With the idol of certainty ( includ
ing that of degrees of imperfect cer
tainty or probability ) there falls one of 
the defences of obscurantism which bars 
the way of scientific advance, checking 
the boldness of our questions, and en
dangering the rigour and integrity of our 
tests . The wrong view of science beh·ays 
itself in the craving to be right; for it is 
not his possession of knowledge, of ir
refutable truth, that makes the man of 
science, but his persistent and recklessly 
critical quest for the truth. 

"Has our attitude, then, to be one of 
resignation? Have we to say that science 
can fulfill only its biological task; that it 
can, at best, merely prove its mettle in. 
practical applications which may cor
roborate it? I do not think so. Science 
never pursues the illusory aim of mak
ing its answers final, or even probable. 
Its advance is, rather, towards the in
finite yet attainable aim of ever discov
ering new, deeper, and more general 
problems, and of subjecting its ever 
tentative answers to ever renewed and 
ever more rigorous tests." 

Two things stand out here: Popper's 
rejection of the idea that scientific con
clusions can ever be finally proved, and 
his insistence on the indispensability
indeed, the crucial importance-of bold
ness and imagination in science. We 
must be by turns bold and critical, free 
in our speculations and severe in put
ting them to the test. We must not con
fine our thoughts to the methodical 
tracks laid down for us by Bacon and 
Mill: Any idea, however novel, can 
prove its worth by standing up better 
than its predecessors to "ever renewed 
and ever more rigorous tests ." The be
lief that there must be a royal road by 
which we can march along to safely 
verified scientific conclusions Popper 
sweeps aside as the fundamental error. 
The best ideas and theories are those 
that best resist our attempts to falsify 
them; not verification but falsification is 
the key idea from which he would have 
us start. In this manner he certainly goes 
a long way toward escaping from the 
mathematical ideal . A scientific theory 
does not ..require demonstrative proof; 
rather, it must be shown to be sound; 
and we test the soundness of our ideas 
in the way a civil engineer tests the 
soundness of a bridge's foundations or 
materials-by putting them through pro
gressively more severe and ingenious 
ordeals. It is even a mistake, Popper ar
gues, to think that theories can be shown 
to be "highly probable," and to attempt, 
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like Cm'nap, to construct a mathematical 
system for computing the "degree of 
confirmation" conferred on a theory by 
this set of observations or that. The idea 
that theories are rendered "probable" or 
partially verified by experiment is as 
objectionable, in his view, as the idea 
that they are completely so verified. 
Both ideas spring from misconceiving 
the relevance of the facts we observe in 
the field or discover in the laboratory to 
the general statements and theories that 
these facts serve to corroborate. 

There is much here that is sound and 
memorable and worth repeating. Surely 
it was always rather puzzling that logi
cians should have concentrated their at
tention on statements at so puerile a 
level of generality and abstraction
statements that were entirely untheo
retical and intuitive, like "All swans are 
white." It was all very well for them to 
tell us that their formal systems were 
intended to apply to quantum mechanics 
only in pTinciple. Surely it was not 
enough to say that modern physics looks 
different from the logician's model be
cause no one had put his mind to the 
task of recasting physics in the proper 
form . Something else was amiss, too, for 
in one crucial respect quantum mechan
ics was always quite unlike a naturalist's 
generalizations. Quantum mechanics es
sentially involves the introduction of 
new ideas, and new ideas need some
thing other than common-sense observa
tions and formal demonstrations to es
tablish them. We prove what they are 
worth to us as we go along, just as we 
do with new alloys or new techniques. 

These objections Popper keeps well 
before our minds. Any last fears that we 
had missed the pOint of the Baconian 
approach he calms and dismisses, and 
he sets to work to provide an alternative 
account of the things that make a new 
theory worthwhile. His polemic sounds 
convincing; now let us go along with 
him and see what constructive alterna
tive he has to offer. We read on. As we 
do so, a new puzzlement grows on us. 
The account he proceeds to give us is as 
formal as the one he rejected. In the 
place of Cm'nap's mathematical theory 
of "confirmation" and "probability" Pop
per offers us not a discursive examina
tion of the things that go to establish the 
merits of a theory, but a rival formal 
theory of "corroboration" and "confirm
ability." He has conducted his polemic 
against the Baconians by arguing in their 
own terms. These means have now be
come an end in themselves, and his es
cape from the mathematical ideal is in 
consequence only partial. 

Yet Popper's most suggestive and il-
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luminating remarks are again and again 
nonformal ones. Take, for instance, the 
following image: 

"The various ideas and hypotheses [of 
a science] might be visualized as parti
cles suspended in a fluid. Testable sci
ence is the precipitation of these patti
cles at the bottom of the vessel: they 
settle down in layers (of universality ) .  
The thickness of the deposit grows with 
the number of these layers, every new 
layer corresponding to a theory more 
universal than those beneath it. As a 
result of this process ideas previously 
floating in higher metaphysical regions 
may sometimes be reached by the 
growth of science, and thus make con
tact with it, and settle. Examples of such 
ideas are atomism; the idea of a single 
physical 'principle' or ultimate element 
(from which the others derive ) ;  the 
theory of terrestrial motion (opposed by 
Bacon as fictitious ) ;  the age-old corpus
cular theory of light; the fluid-theory of 
electricity (revived as the electron-gas 
hypothesis of metallic conduction ) .  All 
these metaphysical concepts and ideas 
may have helped, even in their early 
forms, to bring order into man's picture 
of the world, and in some cases they may 
even have led to successful predictions. 
Yet an idea of this kind acquires scien
tific status only when it is presented in 
falsifiable form; that is to say, only when 
it has become possible to decide em
pirically between it and some rival theo
ry." 

This passage is significant not just for 
its vivid expression and for the justice 
of the point Popper here makes. Even 
more, it pOints the way to a new sort of 
philosophy of science, which Popper 
only adumbrates and which others today 
(such as Norwood Hanson of the Uni
versity of Indiana ) are actually trying 
to bring to birth. For Popper was not 
only right in seeing that we demand 
soundness of a scientific theory, rather 
than mathematical proof; he is right, too, 
in hinting that we shall find the process 
by which science grows best exemplified 
in the actual history of scientific ideas. 
Like new forms of organism, novel sci
entific theories and notions prove to have 
greater or less survival value. Some of 
them "have what it takes" in order to 
catch on; others fall by the wayside. 
Once philosophers of science have rec
ognized this, they have a choice between 
two courses of action. They can con
tinue to discuss the merits of theories a 
priori, in which case they will produce 
either tautologies ("the survival value of 
a theory is in proportion to its degree of 
confirmation") or else vague legislative 
decrees ( "a theory ought to be accepted 
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only if it explains the largest possible 
number of facts" ) .  Alternatively, they 
can become frankly historical and evo
lutionary in their methods, and can look 
to see how the classic theories in science 
actually did come to establish themselves 
in our minds-to see what were in fact 
the merits that commended them to the 
great scientists of the past. 

Is this too drastic a change to ask 
philosophers to make? Is it perhaps 
rather a comedown to consider how the
ories have in fact established themselves, 
when one was really hoping to state the 
principles on which theories ought to be 
accepted? Is it too much like asking an 
esthetic philosopher to conduct an em
pirical survey of the preferences for piC
tures the public has actually displayed? 
After all, we know the sort of crudities 
which by that test would prove to have 
the greatest survival value. 

Actually the change is not as drastic 
as the analogy seems to imply. If a 
philosopher of science is determined to 
examine the principles of science, and 
not just its practice, he can still do so 
in a historical framework. Carnap is the 
last of a long line of philosophers who 
have treated the logic of science as a 
kind of mathematical code of laws; many 
of us now see the real task as being more 
like common law. One learns what the 
common law is by studying precedents; 
and these precedents are as binding as 
any statute can be. May we not learn 
more about the methods of science and 
the canons of· scientific criticism by 
studying precedents than by trying to 
lay down a priori a system of rules of 
permanent validity? 

Even working scientists must some
times resort to common-law arguments. 
This came clearly to light in a recent 
report ( published as Observation and 
Interpretation) of a meeting at the Uni
versity of Bristol, where a group of 
physicists and philosophers were dis
cu,ssing problems of quantum theory. 
Since the two sides of the main dispute 
disagreed even about the basic accept
ability of quantum mechanics in its 
present form, they could not conduct 
their argument within the framework 
that it might otherwise have provided. 
Instead, the rival physicists began citing 
"old saws and modern instances"
countering each other's arguments with 
such statements as "I'm only doing the 
sort of thing Maxwell did when he 
talked of 'displacement current,' " or "Be 
careful not to end up as Duhem did, 
when he ridiculed J. J. Thomson!" In 
this way they illustrated a point that 
Popper himself has frequently empha
sized-the part that is played by tradition 
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The actual ways in which scientific 
ideas have succeeded one another are in 
fact often surprising, and scarcely any 
of the stories to which we find Popper 
referring-atomism, "ultimate princi
ples" and so on-has been told fully and 
perceptively enough. Yet many of the 
surprises are those for which a knowl
edge of evolutionary biology might have 
prepared us. Functionless variations in 
a group of organisms have turned into 
structures of extreme adaptive impor
tance to their descendants, and if one 
looks at the concept of "atomic number" 
one finds a similar tale. When the 19th
century chemists ordered the elements 
according to their atomic weight, they 
wrote down the integers on the left-hand 
margin for convenience of reference. To 
begin with, these numbers were mere 
ciphers, with no more significance than 
the numbers one might allot to species 
of plants in a botanical handbook; if 
there had been 92 letters in the alphabet 
these might have been used instead. Yet 
this same idea of atomic number acquired 
after H. C. J. Moseley and Niels Bohr 
an absolutely central position in atomic 
theory. What had been only their index 
numbers became, subject to a few 
amendments, the most important charac
teristics of the chemical elements. These 
integers were now interpreted as the 
numbers of unit electric charges of the 
atomic nuclei, which determined the 
number and arrangement of the satellite 
electrons characteristic of each sub
stance, and so its chemical properties. 
Rummy thing, science! 

This sort of development is surely one 
with which no formal "logic of scientific 
discovery" can cope. Frontline theories 
in science are always so much in process 
of change and development that even 
Popper's notion of corroboration is too 
cut-and-dried to meet the case. (When, 
for instance, was the place of atomic 
number in physical theory adequately 
justified? ) Perhaps the esthetic analogy 
was not so bad after all. For the art his
torian studies not the vagaries of popular 
preference, but the ways in which cre
ative artists themselves have worked at 
different periods. Art criticism properly 
informed by a knowledge of art history 
is far more illuminating than the sub
jective reactions of contemporary art 
journalists-to say nothing of those geo
metrical theories that were once sup
posed to determine what "must" be 
beautiful in art. Science criticism is also 
a matter for appreciation, not calcula
tion; informed analysis, not a priori legis
lation. The future task for the philosophy 

The Russians' 
Own Story of 

Artificial Satenites 

"Singularly free of propaganda • • •  One of 
the best surveys of astronautics published 
in any country." WILLY LEY 

Just published, this comprehensive new 
account of Russian theoretical and practical 
progress in the field of astronautics is writ
ten by a leading Soviet space scientist and 
now appears in English in the official U.S. 
Air Force translation. Here is the definitive 
history of the Soviet satellite program, with 
actual photographs, drawings, tables and 
technical data - much of it based on the 
author's own original research. Among the 
contents are: Plans for a Revolutiona.ry 
"Fixed Star" Satellite, Construction of a 
Space Platform, Scientific Objectives of Space 
Flight, Design and Construction of Space 
Ships, Survival of Man in Space, Flights to 

the Moon, Problems of 
R e-e n t r y  i nt o  t h e  
Earth's Atmosphere, 
and many others. 
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AN I NV ITATI ON  
TO JO I N  ORO 

Pioneer In 
Operations Research 

Operat ions Research is a young 
science, earning recognition rapidly 
as a significant aid to decision-mak
ing. I t  employs t he services of 
mathematicians,  physicists, econo
mists, engi neers, pol itical scientists, 
psychologists, and others working 
o n  teams to synthesize all phases of 
a problem. 

At ORO, a civilian and non
governmental organizat ion, you 
will become one of a team assigned 
to vital mil itary problems i n  the 
area of tactics, strategy, logist ics, 
weapons systems analysis and 
communications. 

No other Operations Research 
organization has the broad expe
rience of O RO. Founded in 1 948 by 
Dr. Ell is  A. Johnson, pioneer of 
U. S .  Opsearch, O RO's research 
findings have infl uenced decision
making o n  the h ighest m i l itary 
levels.  

ORO's professional atmosphere 
encourages those with init iative and 
imaginat ion to b roaden their scien
tific capabil ities. For example, staff 
members are taught to "program" 
thei r own material for the U nivac 
computer so that they can use its 
services at a ny t ime 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 att ract visitors to 
Washington, D. C. are but  a short 
drive from the pleasant Bethesda 
suburb in which ORO is  l ocated. 
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 
OFF ICE � 

The Johns Hop k i n s  Un iversity 
6 9 3 6  A R L I N G T O N  R O A D  
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of science, which Popper could only hint 
at in Logik del' FOl'schullg, has in the 25 
years since its first appearance become 
both clearer and more urgent. 

Short Reviews 

A HISTORY OF TECHNOLOGY, VOL . V, 
. . edited by Charles Singer, E .  J .  

Holmvard, A.  R .  Hall and Trevor 1 .  Wil
liams . Oxford University Press ( $26.90 ) .  
The readers who have been following 
this  admirable work, who have gained 
immense satisfaction from its authorita
tive, richly varied content, and who 
have anticipated with pleasure the ap
pearance of each of its elegantly printed, 
beautifully illustrated volumes, will reo 
gret that with this volume the survey 
comes to a close. It is not often the stu
dent of the history of science can enjoy 
such a repast. The period covered in this 
last installment is the last half of the 
1 9th century. Many of the technologies 
were introduced in earlier volumes, and 
are now described in their later phases 
of development. In this category are 
metallurgy, the steel industry, the steam 
engine, food production and preserva
tion, shipbuilding, cartography and aids 
to navigation, the chemical industry, 
textile manufacture, ceramics, glass 
technology, printing and related trades .  
But in  these 50 years innumerable tech
nological innovations-processes, crafts, 
methods, machines-which drastically 
transformed the world made their first 
appearance . Among those here discussed 
are aeronautics ; high explosives ;  inter
nal -combustion engines; the generation, 
distribution and utilization of electricity ; 
photography; railway engineering; teleg
raphy and telephony. In many of these 
advances that were to change men's lives 
more than they had been changed in the 
whole preceding history of technology
altering their food habits, their homes, 
their methods of travel and communica
tion, their war-making, their social and 
economic status-there is reflected the 
growing influence of science upon tech
nology . Systematic assaults were being 
made upon phYSical problems such as 
the structure of matter, the properties of 
materials, the behavior of gases, the na
ture of heat, light and electricity ; and 
the results of the various breakthroughs 
in knowledge were incorporated in hun
dreds of industrial arts. No one can be
gin to understand the great political cur
rents of the 19th and 20th centuries 
without considering the social and eco
nomic background, and this in turn is 
incomplete unless it is animated by the 
constant movement of science and tech
nology.  A History of Technology is not 
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an interpretive survey. It was not de
signed for this purpose and does not 
achieve it. Moreover, it is a great pity 
that the history ends with the last cen
tury; one might have wished that it 
would carry through to our time, even 
though the task of reporting the tech
nology of the past 50 years might well 
have required an additional three or 
four volumes. But it is ungracious to 
grumble over what has been given us. 
For the serious student and specialist, no 
less than for the average educated read
er, these books will be a source of joy 
and meticulous instruction; and for those 
intrepid enough to take on the formi
dable task of interpretation, as well as 
those who may continue where the pres
ent editors have left off, this work will 
serve both as an inspiration and an in
comparable source. 

DRINKING AND INTOXICATION, edited 
by Raymond C. McCarthy. The 

Free Press ( $7.50 ) . "To drink," wrote 
William Congreve, "is a Christian diver
sion / Unknown to the Turk or the Per
sian." He was wrong on all counts. 
Drinking is an ancient social custom
as is getting drunk-practiced in almost 
all cultures. To "y-wet one's jolly whis
tle" ( as Chaucer wrote in The Canter
bury Tales) moderately or gluttonously 
was an indulgence already well estab
lished in Neolithic times: Stone Age 
beer jugs have been discovered. Many 
ancient records refer to alcoholic bev
erages; the word alcohol itself comes 
from the Arabic al kohl, which originally 
meant a fine powder of antimony used 
to color the eyelids. The Egyptians, Per
sians, Creeks, Romans and Hebrews all 
imbibed various kinds of fermented bev
erages. So did, among others, the Gauls, 
the people of Ultima Thule, the Span
iards and the Portuguese, the Ligurians, 
the Lusitanians, the Ethiopians, the 
Tyrrhenians, the Etruscans, the Balearic 
islanders ( when they could get wine; 
usually having none, "they desired it all 
the more" ) ,  the Carthaginians, the 
Babylonians, the Scythians, the Ger
mans. The Numidians, however, were 
abstemious, as were the Moors, who 
lived a severe life without any bread, 
wine or, in the words of Procopius, "any 
other good thing." Over the centuries 
drinking habits have ebbed and flowed 
in different SOcieties-mostly flowed. 
This volume of selected readings pre
sents a very informative survey of social 
practices, attitudes and controls. It con
siders the phYSiological and psychologi
cal effects of alcohol; drinking in the 
classical world, among nonclassical peo
ples, in Central and South America, in 

The Developmental 
Biology Conference Series 

PAUL WEISS, Co-ordinating Editor 

Spons01'ed by the National A cademy of Sciences-National Re
search Council. A uthoritative summaries of the Developmental 
Biology Confe1'ences held in 1 .956. 

Immunology and 
Development 

Edited by MAC V. EDDS, Jr. Im
munological techniques used to dem· 
onstrate specificity at the molecular, 
tissue, and organ levels. $2.60 

( ytodifferentiation 
Edited by DOROTHEA RUDNICK. 
Cytodifferentiation vis-a ... vis :  con
stancy of cellular identity. cellular 
behavior in culture, cellular behavior 
as governed by cell chemistry. $8.75 

Embryonic Nutrition 
Edited by DOROTHEA RUDNICK. 
Nutrition and metabolism. enzyme 
formation and activity. protein syn:. 
thesis, chemical bases of develop
ment. $3.25 

Environmental Influences 
on Prenatal. Development 

Edited by BEATRICE MINTZ. Ex
amples of embryonic alteration when 
the mother is subjected to X ... rays. 
vitamin deficiencies. dietary limita
tions. $3.00 

Dynamics of 
Prolifl!rating Tissues 

Edited by DOROTHY PRICE. Vari
ables in proliferation and differentia
tion. requirements and upsetting fac
tors, rates and ratios, techniques for 
studying tissue growth and function. $3.25 

Regeneration 
in Vertebrates 

Edited by CHARLES S. THORN
TON. Cell regeneration in the verte
brate eye, tail, and limbs; the in
fluence of nerves and hormones on 
regeneration. $8.25 

Wound Healing 
and Tissue Repair 

Edited by W. BRADFORD PATTER
SON. Healing processes in lower 
animals, cellular changes of tissue 
reconstruction. biochemistry and ab.
normalities of healing. $2.75 

Mitogenesis 
Edited by HOWARD S. DUCOFF 
and CHARLES F. EHRET. Biophys
ical concepts of abnormal cell divi ... 
sion. $3.25 
Endocrines in Development 

Edited by RAY L. WATTERSON. 
The relation between endocrines and 
development is re-examined in the 
Jight of recent work in purification. 
crystallization, and synthesis of hor
mones. $4.00 

Physiology of 
Insect Development 

Edited by FRANK 1... CAMPBELL. 
A review of genetic research on in ... 
sects, studies of hormones, nutrition, 
and metabolism. $4.00 

A Symposium on Molecular Biology 
Edited by RAYMOND E. ZIRKLE. Twenty examples of im
portant current research in molecular biology illustrate the 
diversity of the problems facing research workers and their 
methods of attacking them. $7.50 

Water Witching U. S. A. 
By EVON z. VOGI and RAY HYMAN. Why has the magical 
practice of looking for water with a divining rod continu'ed 
in our scientific age ? Here is an enlightening excursion into 
contemporary folkways and a remarkable example of the 
scientific methqd at work. With a chapter on scientific methods 
of locating ground water by H. E. Thomas of the U. S. Geolog
ical Survey. Illustrated. $4.95 
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"If you would like to be a member 
o f  a s e l e c t  c o r p s  o f  E n g i n e e r s, 
working for an interesting, grow
i n g  c o m p a n y  . .  in one o f  t h e  
country's most stimulating areas 
. .  I invite you to write to Temco. 
T e m c o ' s  g r o w t h  is s o u n d  a n d  
planned, its products are diversi
fied and challenging, our facilities 
are modern. Every benefit, for you 
p rofessionally and in good living 
for you and your family, is  here. 
B elow are some of the areas in 
which j obs are open now." 

MISSILE WEAPONS SYSTEMS 
(Senior Sales Engineer) 
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o rd i nat ing the preparation of company 
proposa l s ,  a n d  present ing the propos· 
als to the prospective c u stomer. 

ELECTRONIC PRODUCTS AND SYSTEMS 
(Sales Engineer) 

O p po rt u n ity exists for g ra d u a te E l ec· 
tronics Engineer with eight to ten years' 
of i n d u st ry a n d  m i l i t a ry service back· 
g ro u n d  in sales a n d /or design of elec· 
t ro n i c  p rod u cts and syste m s ,  e m pha· 
s i z i n g  r a d a r, a nt e n n a e ,  and c o m put· 
ers .  As Sales Engineer ,  h e  w i l l  contact 
m i l i ta ry agenc ies  and c o m m e r c i a l  or· 
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India, China and Japan, in old and new 
Russia, in France, England, Canada and 
the U. S . ;  drinking among high school 
and college students today ; the motiva
tional patterns; group influences; cultur
al, religious and ethical factors; at
tempts at controls in Sweden, Finland 
and the U. S. Useful supplementary 
reading lists are attached to each sec
tion. The editor concludes that the prob
lem itself is a complex feature of a com
plex social structure, requiring much 
more study and certainly not to be solved 
by such piecemeal and often absurd 
measures as restrictive legislation, au
thoritarian fiat, "appeals to in telligence 
or to spiritual motive," increased prices 
for beverages, arrests and sentences for 
drunkenness, increased taxation on the 
beverage industry. After all, as long as 
many men believe that drinking "keeps 
the unhappy from thinking / And makes 
e'en the valiant more brave," it will be 
a hard practice to stamp out, even as
suming that absolute temperance is a 
good thing. 

THE ETRUSCANS, by Raymond Bloch . 
Frederick A. Praeger, Inc. ( $5 ) .  Man 

knows next to nothing about his past, 
and even in the little he knows are im
bedded profound mysteries. Of these 
none is more profound than the mystery 
of the Etruscans. For some six or seven 
hundred years, from about 700 B .C .  to 
a short time before the Christian era, 
they spun their history on the Italian 
peninsula. At the zenith of their power 
they dominated Italy from the plain of 
the Po to Campania, with Tuscany the 
heart of their empire . They warred with 
the Greeks over the hegemony of the 
Mediterranean; they subjugated the 
Romans. They built great cities. They 
exploited large mineral deposits-iron, 
copper, zinc and tin-which were at the 
root of their wealth and power. They 
had a literature; they practiced a most 
elaborate ritualistic religion; they pro
duced sculpture, paintings, intaglios and 
jewels of the highest artistic value. All 
this we know from the writings of Livy, 
Virgil and other Latin and Greek au
thors, from the remains of Etruscan cit
ies and tombs, and from the many ex
amples of their arts and crafts brought 
to light over the centuries in chance dis
coveries and systematic excavations. Yet 
the gaps in our knowledge about the 
Etruscans are almost incredible. Where 
did they come from? What were the 
roots of their culture? What language 
did they speak? These remain unan
swered questions, en igmas "which com
bine to give to these first inhabitants of 
Tuscany a strange and secret air." Their 

literature has vanished without trace, 
except for occasional epigraphic docu
ments. Even these cannot be read, be
cause the language, despite long, per, 
sistent attempts, has resisted deciphel 
ing-"One of the most astonishing fail
ures of modern linguistic studies." Nev
ertheless Etruscan studies have yielded 
a good deal of information about this 
remarkable Civilization, information that 
is lucidly summarized in this faSCinating 
book. The author, a leading French 
archaeologist who has made important 
field discoveries in Italic cultures, dis
cusses the history of Etruscology, the 
conflicting theories as to the origins of 
the Etruscans and their history, the re
searches on their language, their institu
tions, customs, literature, religion and 
art. The story is supported by a collec
tion of superb illustrations. A jewel of a 
book, in the delightful and distinguished 
Ancient Peoples and Places series edited 
by Glyn DanieL 

O RIGINS : A SHORT ETYMOLOGICAL 
DICTIONARY OF MODERN ENGLISH, 

by Eric Partridge. The Macmillan Com
pany ( $ 16 ) .  This latest work by a 
learned and indefatigable lexicographer 
traces the origins of the 1 2,000 "com
monest words .of the English language" 
from the indefinite article "a" to the pre
fix "zyzzo-." With the aid of cross refer
ences the field has been considerably 
widened to include altogether about 
20,000 terms. A treat for amateur or 
professional philologists who, as Cowper 
wrote : 

" . . . chase 
A panting syllable through time and 

space, 
Start it at home, and hunt it in the 

dark, 
To Gaul, to Greece, and into Noah's 

ark ." 

THEORY OF RELATIVITY, by W. Pauli . 
Pergamon Press ( $6 ) .  The late Wolf

gang Pauli's famous article on relativity 
was written for the German Mathemat
ical Encyclopedia 38 years ago, when 
he was only 21 .  It now appears in an 
English translation for the first time, 
with 25 pages of supplementary notes 
prepared by Pauli at Princeton in 1956,  
covering selected information about 
later developments connected with rela
tivity theory and giving his personal 
views upon some "controversial ques
tions" such as the cosmological problem 
and unified-field theories. 

PHILOSOPHY OF STRUCTURES, by Ed
uardo Torroja. University of Califor

nia Press ( $ 12.50 ) .  A long essay on 
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Creative-Thinking Engineers Needed 
To Design and Develop Radar Systems 
Crosley's heavy surveillance radar program covers all aspects 

-from the original advanced concepts to the production of 

equipment. 

Crosley has interesting assignments in the fields of ECM, 

CCM, radar receivers, transmitters, indicators, micro-wave, 

plumbing, antennas, wave propagation, computers, primary 

power systems, and all aspects of radar equipment. 

Mr. James T. Dale 
Director, Scientific and Technical Personllel 
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structural design by a noted Spanish 
engineer and architect. The book con
tains lucid discussions of problems of 
stress, uses of materials, construction 
methods, design of bridges, dams, aque
ducts and domes, and explains the non
esthetic justification for the many 
unusual forms adopted in modern archi
tecture. Instructive and thoughtful;  good 
illustrations. 

N UCLEAH EXPLOSIONS AND THEIH EF -

FECTS . Publications Division of In
dia ( $4 ) .  Revised and enlarged edition 
of an authoritative and unbiased com
pendium on the nature and effects of 
nuclear explosions. It contains a copious 
amount of technical information on 
physical and biological phenomena, and 
is an invaluable reference guide for the 
specialist. But even the average reader 
willing to take thought will have no dif
ficulty comprehending what it has to say 
about the hazards of global fallout and 
the dreadful prospect of nuclear war. 

I-I ISTOHY UKEAHTHED, by Sir Leonard 
Woolley. Ernest Benn, Ltd. ( 30 

shillings ) .  The noted excavator of U r of 
the Chaldees presents a picture book, 
with its text reduced to a minimum, of 
18 archaeological sites throughout the 
world, among them Nimrud, Troy and 
Mycenae, Maiden Castle , the Fayum 
and Oxyrhynchus, Anyang, Knossos, the 
tomb of Tutankhamen, Jericho, Serin
dia, Kara Tepe, Piedras Negras, the 
frozen tombs of Pazarik. The brief intro
ductions to each subject and the picture 
captions are admirable; the photographs 
are very well chosen but not always well 
reproduced. Altogether an absorbing 
popular survey. 

Notes 

THE PHILOSOPHY OF SPINOZA, by 
Harry Austryn Wolfson. Meridian Books 
( $ 1 .95 ) .  A paper-back reissue of a com
prehensive critical evaluation of Spino
za's Ethics, published in 1934. The index 
of references has been omitted; other
wise this edition is complete. 

A HISTORY OF PUBLIC HEALTH, by 
George Rosen. MD Publications, Inc. 
( $5 .75 ) .  A readable and authoritative 
account of community-health action 
from its beginnings in the Greco-Roman 
world to its present state of develop
ment in economically and technological
ly advanced countries, especially Great 
Britain, France, Germany and the U. S. 

BEHAVIOR AND EVOLUTION, edited by 
Anne Roe and George Gaylord Simpson. 

Yale University Press ( $ 10 ) .  A collec
tion of papers presented at two confer
ences of the American Psychological As
sociation and the Society for the Study 
of Evolution, dealing with the relation 
and interaction between evolution and 
behavior. Simpson's stimulating epi
logue, summarizing and weaving to
gether the views of the various contribu
tors, adds considerably to the value of 
the book. 

GODEL'S PROOF, by Ernest Nagel and 
James R. Newman. New York Univer
sity Press ( $2.95 ) .  A much enlarged 
version of an essay that first appeared 
in this magazine, explaining this epochal 
achievement of modern logic to the non
speciali st. 

A HISTORY OF PHILOSOPHY, by Wil
helm Windelband. Harper and Brothers 
( $3.50 ) .  This paper-back reissue of a 
justly esteemed history of philosophy is 
perhaps the best single work of its kind. 
Another of the exceIlent Harper Torch
books. 

LIVING RE SOUHCES OF THE SEA, by 
Lionel A. Walford. The Ronald Press 
Company ( $6 ) .  A most intelligent and 
wide-ranging discussion of the sea's in
comparable resources, many of which 
we have only barely glimpsed, much less 
begun to exploit. Any one of several 
chapters in this book, for example the 
one on farming brackish waters or on 
poisonous marine organisms, is of ex
traordinary interest and importance. 

THE ILLUMINATED BOOK : ITs HISTOHY 

AND PHODUCTION, by David Diringer. 
Philosophical Library ( $25 ) .  A general 
account, fully illustrated, of the art of 
book-illumination, which made the me
dieval book one of the glories of creative 
imagination. A rich and varied volume. 

BIOGHAPHY MEMOIRS OF FELLOWS OF 

THE ROYAL SOCIETY, VOL. IV. The Royal 
Society ( 30 shillings ) .  Commemorative 
notices of 27 Fellows of the Royal So
ciety, among them Viscount Cherwell, 
Walter Elliot, Douglas Hartree, John 
Graham Kerr, Irving Langmuir. Most of 
these memoirs give full accounts of the 
subject's life and work; each is accom
panied by a photographic portrait. 

A M ODEHN INTHODUCTION TO ETHICS, 

edited by Milton K. Munitz. The Free 
Press ( $7.50 ) . A skillful and discrimi
nating selection of readings from classi
cal and contemporary sources : John 
Dewey, Plato, Nietzsche, Bertrand Rus
sell, Gilbert M urray, Aristotle, Epicurus, 

Engineers, D&D 

Translate 

Non - Classical 

Techniques 

Into A dvanced 

Underseas 

War/are Systems 

S A M P L E  P R O B L E M :  How do you 
achieve maximum information 
transfer in an undersea commu
nications system capable of 
being used by two submerged 
missile-firing submarines - with
out a third submarine stationed 
in between being able to detect 
their presence? 

Secure Undersea Communications
One of  the Many Aspects of  

ASW Presenting Technical  Problems 
of Major D imensions 

With anti-submarine warfare en
tering a critical new era, projects 
now in progress at the Heavy 
Military Electronics Department 
offer a broadening challenge to 
men who can conceive and ap.
ply original technology for : 

* Long-Range 
Search Sonar Systems 

* Mine Warfare Sonar Systems 

-)!o Doppler Sonar Systems 

* Diverse Undersea 
Communications Systems 

If you are interested in the grow
ing complexity of sonar and ASW 
technology, you are invited to 
look into the many opportunities 
for advanced engineering in this 
field with HMED. 

Posit ions at Several Levels 

Mr. George B .  Ca l l e n d e r ,  Div.  59- M E  
Heavy Mi l itary Electronics D ept. 

G E N E R A L . E L E C T R I C  
Court Street, Syracuse, New York 
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John Stuart Mill, Kant, Schopenhauer, 
Santayana, Ernest Nagel, Sigmund 
Freud, Morris Cohen, G. E. Moore, A.  J .  
Ayer, Epictetus and many others .  

. 

STATISTICAL PHYSICS, by L. D. Lan
dau and E. M. Lifshitz. Addison-Wesley 
Publishing Company ( $ 12 .50 ) .  The 
fifth volume in the authors' nine-volume 
Course of Theoretical Physics, this book, 
translated from the Russian, is devoted 
to an exposition of statistical physics and 
thermodynamiCS . The first edition, pub
lished in 1938, contained only an expo
sition of classical statistics; the work has 
now been entirely rewritten to cover 
quantum statistics as well. 

100 YEARS OF RAILROAD CARS, com
piled and edited by Walter A.  Lucas. 
Simmons-Boardman Books ( $8.50 ) . Au
thentic pictures and draWings of more 
than 200 freight and passenger cars, 
taken from The Car Builder's Cyclope
dia and the files of Railway Age. A most 
interesting guide to one aspect of U. S. 
industrial life . 

ZOOGEOGRAPHY, edited by Carl L. 
Hubbs. American Association for the 
Advancement of Science ( $ 12 ) .  Fifteen 
papers from two symposia held in 1957, 
encompassing the field of zoogeography, 
with due attention to the underlying data 
of geomorphology, paleoclimatology, 
paleontology and phYSiology. 

BIOGHAPHICAL MEMOIRS, NATIONAL 

ACADEMY OF SCIENCES, VOL . XXXII. 
Columbia University Press ( $5 ) .  Robert 
Aitken, Francis Benedict, Benjamin 
Duggar, Wendell Latimer, Elmer Mer
rill, Henry Norris Russell, Thomas 
Vaughan and John von Neumann are 
among the scientists whose life and work 
are treated in these eloges. 

ELLIPTIC INTEGRALS, by Harris Han
cock. Dover Publications, Inc. ( $ 1 .25 ) .  
LECTUHES O N  THE THEOHY O F  ELLIP

TIC FUNCTIOi':S Ai':ALYSIS, by Harris 
Hancock. Dover Publications, Inc. 
( $2.55 ) .  Paper-back reprints of stand
ard monographs on this branch of ad
vanced calculus. 

MATHEMATICS OF PHYSICS AND M OD

EHN ENGINEEIUNG, by 1. S. Sokolnikoff 
and R. M .  Redheffer. McGraw-Hill Book 
Company, Inc. ( $9 .50 ) .  This volume, a 
successor to the senior author's Higher 
Mathematics fOT Engineers and Physi
cists, is an excellent text for the beginner 
in applied mathematics, and will be of 
considerable use to practicing engineers. 
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(EE, ME, Math or Physics Degrees) 

Which of these 3 assignments - on large-scale USAF Data 
Processing System with hitherto unrealized capabilities lies 

within your competence? 

'ill Construct mathematical models for information and reo 

.!.l. trieval system designed to transcend all present day concepts 

in MAN·MACHINE RELATIONSHIPS. 

C1))/ Develop and synthesize new concepts for extremely high· 

� volume, high·speed data processing system to greatly en· 

hance human prediction capabilities. 

C5)V Coordinate with computer engineers to assure optimum 

iJ) equipment applications. Prepare specifications. (Present 

state of equipment art will in no sense limit ultimate system.) 

These opportunities are with General Electric's Computer Dept.

now engaged in the design and development of a comprehensive 

DATA PROCESSING SYSTEM, handling problems which cannot 

be stated in terms of standard technologies. 

Staff expansion is under way. Immediate openings exist for opera

tions and systems analysts at both the Washington, D. C. office and 

the Phoenix, Arizona headquarters. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : .............. . 

Write for further information on the scope of the USAF Data Process
ing Program and the exceptional opportunities it offers for career 
development. 

Replies will be held in confidence. 
Mr. J .. E. Torrey, Div. 59·ME 

COMPUTER DEPARTMENT 

GENERAL . ELECTRfC 
13430 N. Black Canyon Highway, P.O. Drawer 270,Phoenix, Arizona 
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Cosmic ray (an iron nucleus) smashes a nucleus in 
a photographic emulsion exposed by Herman Yagoda 

of the Air Force Cambridge Research Center. Such 

events are a primary source of high-energy radiation. 
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This pin-sizell lIeviee is a true breakthroulh in computer components - one that will increase computer 
"thinking" speeds 10 to 20 times. A Ilass r.0II with magnetic coating, it serves both as a switch and infor· 
mati on-storage element, and operates reliably at 300'F. higher than do conventional components. Up to 
8000 bits of information can be stQJ"ed In a rod memory assembly the size of a cigarette package. This is 
one of many current NCR developments that will make future computers smaller, faster, more reliable. 

SOUTHERN CALIFORNIA POSITIONS NOW OPEN FOR: SENIOR COMPUTER ENGl· 
NEERS / Experienced in logical design, c'ircuit design and analysis, and core 
memories. Should have good knowledge of transistor·circuit techniques. 
SENIOR RESEARCH ENGINEERS / With background in solid state physics and 
magnetics for digital computer applications. SENIOR PRODUCT SPECiFICATION 
ENGINEERS / Experienced in analysis of business systems and in application 
of large·scale computers. SENIOR OP.ERATIONS RESEARCH SPECIALISTS / 
Experienced in mathematical formulation of business and management prob· 
lems and familiar with functions of electronic equipment in OR techniques. 
The "CR Electronics Oivision is one .f the nation's foremost digital computer systems R&O labora· 
tories. Here you can enjoy the broad freedom of a select research·design group and the stability 
afforded by a parent company of international stature. Activity is being stepped up sharply in both 
military and worldwide commercial markets, opening up excellent opportunities for creative people. 
Full benefits, excellent salary, education plan. Ultra·modern facility in an ideal suburban Los Angeles 
location. PLtASE SEND RESUME TO D. P. GILLESPIE, Director of Industrial Relations. Replies will be 
held in strict confidence. 

TO COMPUTER ENGI 
NEERS WHO LIKE TO 
WORK WITH NEW 
I 0 EAS 

- LIKE THE NCR ROD MEMORY THAT 
�h�!!�!IE�shl�eg�te�t�M� IE�n�§�FsOD���J 
1401 East EI Segundo Boulevard, Hawthorne, California 

*TRADEMARK REG. U. S. PAT. OFF. 

206 

. 
e/I:aIionat * 

ceedings of the National Academy of 
Sciences, Vol. 45, No. 1, pages 115-
129; January, 1959. 

COLOR VISION AND THE NATURAL IMAGE. 

PART II. Edwin H. Land in Pl'oceed
ings of the National Academy of 
SCiences, Vol. 45, No.4, pages 636-
645; April, 1959. 

SYMPOSIUM ON NEW DEVELOPMENTS IN 

THE STUDY OF COLOR VISION. PTO
ceedings of the National Academy of 
Sciences, Vol. 45, No. 1, pages 89-
115; January, 1959. 

SENSATION AND PERCEPTION IN THE HIS

TORY OF EXPERIMENTAL PSYCHOLOGY. 

Edwin G. Boring. Appleton-Century
Crofts, Inc., 1942. 

THE LATE BLIGHT 
OF THE POTATO 

THE BLIGHT, THE BLIGHTER, AND THE 

BLIGHTED. John S. Niederhauser in 
Transactions

'
of the New York Acade

my of Sciences, Series II, Vol. 19, No. 
1, pages 55-63; November, 1956. 

BLIGHT-RESISTANT POTATOES. Donald 
Reddick in Phytopathology, Vol. 18, 
No.6, pages 483-502; June, 1928. 

BREEDING FOR RESISTANCE TO LATE 

BLIGHT IN THE POTATO. F. J. Steven
son, E. S. Schultz, C. F. Clark, Lillian 
Cash, Reiner Bonde in Phytopathol
ogy, Vol. 27, No. 11, pages 1,059-
1,070; November, 1937. 

CARGO CULTS 

THE TRUMPET SHALL SOUND: A STUDY 

OF "CARGO" CULTS IN MELANESIA. 

Peter Worsley. Macgibbon & Kee, 
1957. 

TISSUES FROM DISSOCIATED 
CELLS 

THE COMPOUNDING OF COMPLEX MA
CROMOLECULAR AND CELLULAR UNITS 

INTO TISSUE FABRICS. Paul A. Weiss 
in Pl'oceedings of the National Acade
my of Sciences, Vol. 42, No. 11, pages 
819-830; November, 1956. 

ARTIFICIAL SATELLITES AND 
THE THEORY OF RELATIVITY 

EXPERIMENTELLE PRUFUNG DER ALL

GEMEINEN RELATIVITATSTHEORIE. V. 
L. Ginzburg in Fortschl'itte del' Physik, 
Vol. 5, Heft 1, pages 16-48; 1957. 
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INFRARED FINGERPRINTS 

for reconnaissance, interpretation and prediction 

Aerial reconnaissance systems of the future will depend on 
infrared detectors and scanners for operation around the 
clock. Each surveillance target or object of military or 
geophysical significance will have its own characteristic 
fingerprint in the infrared spectrum. 

Infrared scientists at Bendix Systems Division, backed 
by years of experience in these techniques, are developing 
important new approaches to the interpretation and pre
diction of infrared reconnaissance data. 

Extensive flight test data are being analyzed and 
catalogued to provide the guide to infrared interpretation. 
Also, test results are being correlated with laboratory 
techniques to predict the response of sensors and synthe
size the infrared pictures they will produce. Thus, it will be 

possible to plan missions exactly as they will appear to 
the infrared observer. 

Other infrared work includes target and background 
radiometric studies, detector studies, and infrared instru
mentation for geophysical satellites, seekers, search, 
track, fire control, early warning, aerial intercept, collision 
warning, communication, mapping, horizon sensing, and 
infrared augmentation for target drones. Progress in 
infrared research and development exemplifies Bendix 
leadership in "the systems of tomorrow." Major Pro
grams include the AN/AMQ-15 Weather Reconnaissance 
System and the Eagle air-to-air missile system. Inquiries 
are invited with respect to positions for better engineers 
and scientists. 

Bendix Systems Division �ncf� 
AVIATlOri CORPORATION 

ANN ARBOR, MICHIGAN 

208 

© 1959 SCIENTIFIC AMERICAN, INC



About two years ago, a Budd subsidiary-Tatnall Meas
uring Systems Company-acquired the services of a 
young French scientist who brought with him a unique 
method of stress analysis known as PhotoStress. This 
system is a highly refined use of photoelasticity for mak
ing surface strain patterns visible in any material sub
jected to stress. Dr. Felix Zandman, inventor of the 
method, has since refined it even further by developing 
instruments which make it easily possible to analyze the 
visual strain patterns quantitatively, and with great 
precision. 

In use, the structure to be stress-analyzed is coated 
with a special clear plastic that becomes doubly refrac
tive when stressed. Under polarized light the overall 
distribution of surface strains appears as black (iso
clinics) and color (isochromatics) fringes in the plastic. 
The technique differs from conventional photoelastic 
techniques in that a transparent plastic is bonded to an 
actual part and stresses are determined under the actual 
loading system instead of making models out of plastic. 
It acts, in effect, as an infinite number of strain gages of 
virtually zero gage length, uniformly distributed over 
the surface of the structure to be studied. 

To carry an analysis to completion, one reading of the 
black fringes is taken, with light penetrating the special 

plastic at normal incidence. This gives the value of the 
difference of principal.strains-therefore, the maximum 
shear strain (Y max -e 1 -e2). An additional reading of the 
colored fringes, with light penetrating the plastic at an 
oblique incidence, when combined with the normal 
incidence reading, gives the values and signs of the two 
principal strains, e l and e2. 

The convenience of the system lies in its two stages. 
First, liquid or sheet plastic can be applied quickly to a 
structure or component. Immediately upon the appli
cation of stress, strain patterns and directions become 
obvious to the observer. These can be preserved by 
simply making a color photograph of them. The second 
stage, or quantitative analysis with instrumentation, can 
be performed at the same time, or can be deferred until 
a later date, after strain patterns have been more thor
oughly analyzed. 

To date, the system has been highly successful in stress 
analyses performed upon such diverse structures as 
missiles, bridges, airplanes and machine components. 
In cases such as these, failure points have been predicted 
with great accuracy. 

Information about PhotoStress can be obtained from 
Tatnall Measuring Systems Company, P. O. Box 245, 
Phoenixville, Pa. 
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