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In the next century, the world's en ergy needs may rise 
as much as a thousandfold. Looking toward these 
needs, scientists are now trying to put a peaceful har· 
ness on the hydrogen atom, a source of energy that 
abounds in the oceans. But hydrogen's nuclear power 
can only be released at fantastic temperatures-tem
peratures as high as those found inside t he sun. How 
can such heat be created, contained, and controlled? 

One group of scientists is' closing in on these problems 
by building miniature "stars," in which hydrogen is 
heated while held in the grip of a powerful magnet. As 
the experiments continue , the scientists pred ict and 
then analyze the resu lts on IBM computers. These 
com puters help speed the day when 

IBM our far-fl ung oceans may supply the 
energy needed in tomorrow's world. 

® 
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VARIAN INSTRUMENTS AT WORK. 
VARIAN associates 
INSTRUMENT DIVISION. PALO ALTO. CALIFORNIA 
IN EUROPE, VARIAN A.G .• ZUG, SWITZERL AND 

Electromagnets 
frequently the heart

' 

of a physics experiment, 
often thwart the efforts of 
exper i menter s by varying 
their fiel d strength random ly 
with changes in ambient temperature 
and line power, or with the placement 
of the experiment in the air gap. These 
deviations are most obvious and trou
blesome during experiments which 
require a high degree of field stability 
or linearity of field sweep. 
yarian's new FIELDIAL * magnetic 

field regulator virtually eliminates 
these frustrating field shifts. It also 
p�ovide� more than an order of mag
nItude Improvement in the stability 
and control of the magnetic field com
pared with conventional current regu
lation methods. 

FIELDIAL regulators employ feed
back from a sensor located in the 
magnet air gap to control magnet cur
rent input, thereby reducing unwanted 
fluctuations to zero almost instantly. 
This unique sensor, based on the well
known Hall-effect principle, is the 
result of an extensive crystallography 
research program at Varian. 

In addition to improving internal 
field control, the FIELDIAL regulator 
(as its name implies) provides direct 
dialing and digital readout of the 
�esired field intensity. It also permits 
lInear field sweeps despite non-linear 
current input. Field values dialed 
y�sterday or last year can be repeated 
With the assurance that hysteresis will 
not affect field values selected. 

. 
The �IELDIAL regulator is compat

Ible with previous Varian elecfromag
nets, thus making the instrument 
available for conversion of existing 
systems. Bob Abler, Instrument Mag
net Products, has a new brochure 
if you wish further information. 

* TM Varian Associates 

Current Rea:ulatllf Dial Settina: 

Atomic clocks 
whose precision and 
stability are unsurpassed 
in the world of measure
ment, are an outstandi ng ex
ample of how basic scientific 
principles translate into practical in
struments. 

Varian scientists started with a com
plex laboratory experiment which was 
evolved into our rubidium vapor fre
quency standard. In this instrument 
electron transfer between energy level� 
is monitored during optical pumping. 
These transition frequencies are so 
stable that they provide an ultra-reli
able reference against which crystal 
OSCillators are calibrated. Formerly, 
these crystal oscillators were the last 
word in frequency control. 

To evolve a routinely produced in
strument from this elaborate prototype 
:-vas a taxing but scientifically reward
Ing challenge. The result was that to
day rubidium frequency standards are 
pe

.
r�orming 

.
impressively in many 

cntlcal applIcations which involve 
measurement and control of time and 
frequency. 

Missile tracking and timing systems 
use them to recover range and velocity 
data

.
on deep�space probes; VLF prop

agatIOn studies and communications 
control systems find them helpful ; 
they are also valuable as laboratory 
standards because they give drift-free 
stability (parts in 1011) and have the 
reliability of proven solid-state sys
tems. 

Frequency comparison is now the 
�ost precise method for making phys
Ical measurements ; atomic standards 
a:e the best way to compare frequen
cies. Naturally, these precise instru
ments demand sophisticated circuitry 
and packaging techniques and, as a 
result, cost more than typical crystal 
units. Scientists who make measure
�ents in �elds which demand excep
tIOnally high accuracy are convinced 
that the results justify the expense. 
Gordon Harper, Instrument Special 
Products, will gladly tell you more. 

The chemistry 
of a product often 
determines how durable it 
will be, how effective even 
h ow safe f or human use: Hun
dreds of exam ples immedi
ately come to mind in the areas of 
food products, drugs, paints oils 
insecticides, and fertilizers. 

' , 

Ma�u�acturers must strive constantly 
to elImInate any chance of error in 
chemical composition. Ethics, com
petition, certain patents, and often 
government regulation demand rigid 
quality control. 

Research chemists have long used 
the analytical capabilities of Nuclear 
Magnetic Resonance (NMR) to iden
tify the precise chemical structure of 
compounds by determining the num
ber and location of hydrogen atoms 
within the molecule. 

Scientists recognized that the same 
techniques could be used to monitor 
finished products, but that this would 
put too large a work load on the re
search instrument. Varian therefore 
developed the A-60 Spectrometer as a 
less �xpensive instrument designed 
speCifically to handle fast, routine, 
non-destructive analyses. 

With the easy-to-operate A-60, re
sults are reproduced on pre-calibrated 
charts, so that technicians can perform 
hundreds of analyses a day and check 
the readings against known spectra. 

You can see the A-60 at work in any 
of our three Applications Laboratories 
located in Pittsburgh, Pa.; Zurich, 
Switzerland; and Palo Alto, Calif. For 
more information briefly describe 
your interest in a letter to Wayne 
Lockhart, Analytical Instruments. 
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only the language changes! 
assiclirazione di qllalita ... qllalite assuree ... waal"borg VOOI" kwaliteit ... calidad segura ... calidad asegurada ... 

"Quality assurance" has the same precise meaning 
in Texas Instruments plants around the world, regard
less of the language spoken in the area they serve. 
Rigid emphasis on reliability and quality assurance 
procedures is part of every step from processing of 
basic material to final life-tests of finished products. In 
TI's 10 international plants as in its Kentucky, Texas 
and Massachusetts facilities, these strict quality control 
procedures serve as the common denominator in assuring 
identical quality from plants continents apart. 

For example, electrical controls produced in Italy meet 
the same stringent requirements imposed by automatic 
test equipment as do their counterparts manufactured 
in Argentina, Australia, Brazil, Canada, France, Holland, 
Mexico, and the U.S.A. This demand for strict attention 
to product quality has kept pace with the planned ex
pansion of TI's international manufacturing operations. 

Although Texas Instruments has served international cus
tomers for more than 30 years through its geophysical 
exploration activities, it was only in late 1957 that it 
established its first overseas semiconductor manufactur
ing facility, in Bedford, England. Now, less than six years 
later, TI facilities outside the U. S. consist of manufac
turing plants in nine countries. 

Overseas support for both domestic and international 
activities is maintained by 39 Texas Instruments sales 
and operations offices in 23 countries. TI products range 
from basic materials, electronic components and systems 
to worldwide services - including electrical circuit design 
assistance, technical consultation and training, and appli
cation of the earth sciences for government and industry. 

For information how these TI capabilities can help YOli 
please write to Information branch. 

RELY ON TI 
MATERIALS 

COMPONENTS 

ASSEMBLIES 

SYSTEMS 

SERVICES 

�'.; . TEXAS INSTRUMENTS 
rul INC 0 R P 0 RAT E 0 

P. o. BOX 5474 • 0 ALL A 5 22, T E X A 5 
15 PLANTS IN 10 COUNTRIES . OFFICES IN 75 PRINCIPAL CITIES OF THE WORLD 

- -
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THE API 

OPTICAL METER· RELAY 

Continuous indication 
and control 

-without contacts 

API's new optical meter· relay is a truly 
remarkable instrument ... the first to 
combine fiber optics, the d' Arsonval 
movement, and solid·state electronics 
in a sensitive and reliable indicating and 
control device. Operating without con· 
tacts, it requires no amplification and 
will respond to signal changes as small 
as 0.0125 ua or mv (or 0.750°F. as a 
pyrometer). 

Set'points are fiber·optic light pipes; 
there are no other movable parts in the 
control phase. The measuring element 
is unrestricted at all times. 

The optical meter·relay can monitor 
and control any variable that is electric· 
ally measurable. Control action is pro· 
duced by the interruption of a beam of 
light (see below). Through a solid·state 
output module, the meter·relay can pro· 
vide on·off, time'proportioning, or modu· 
lating (SCR) control. All are fail·safe. 
Full·scale sensitivity is as low as 5 ua 
or mv in taut·band models. Seven sizes 
are available from 31/;" to 6" in API's 
new Stylist/Panelist line. 

For more information on the most 
talked about control instrument today, 
request Bulletin 33. 

4 

ASSEMBLY PRODUCTS, INC. 
Chesterland 5. Ohio 

PHOTOCONOUCTOR 

Light passes through fiber· optic light pipes 
and is reflected by disc on signal coil to 
complete a normally·closed light circuit. As 
meter pointer reaches set· point, black seg· 
ment on reflector interrupts light circuit, 
changing photocell conductivity and actu· 
ating load relays through an isolated solid· 
state output module. Light source is operated 
at well below rated power to provide ex· 
tended service life. 

SA 2792 

THE COVER 

The aerial photograph on the cover symbolizes thc theme of this issue of 
SCIEl\TIFIC AMEHlcAK: technology and economic development. The photo
graph shows the great semicircle of Hoover Dam, on the Colorado River 
2.50 miles northeast of Los Angeles. The black area above the dam, which 
is 726 feet high, is a small part of Lake Mead, the dam's huge reservoir. To 
the left and right of this area are two straight overflow dams. The four 
round objects immediately above the main dam are the intake towers of its 
hydroelectric generators. The greenish tinge on the water below the dam 
indicates the turbulence of the water flowing through the generators. The 
geometrical arrays on the left side of the photograph are power substations. 
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This is a picture of something you can't see 

.Polaroid lO,OOO-speed Land Film can record traces too fast for the human ey e. 
Polaroid 10,000-speed Land Film is ting a finished picture on the spot was a gives YOli an immediate record you can 

the most sensitive photognlphic mate- big advantage even in the days when it analyze 01' file for future reference. And 
rial you can buy. took a full minute. because the film is so sensitive you can 

It not only l·ecords, it can discover But now, of course, it only takes 10 use small camera apertures and low in-
things. seconds. Simply fit your scope with any tensity settings. You get a sharp, high-

In the field of oscillography, for ex- one of :;everal different oscilloscope contrast image that is easy to read. 

ample, it makes it possible for you to cameras equipped with a Polaroid Land PolaScope 10,000-speed film is one of 

study phenomena such as this scintilla- Camera Back. Then make your setup 8 different emulsions in 17 film types 

tion pulse with a rise time of less than and snap the shutter. 10 seconds later which are providing on-the-spot pic

five nanoseconds. you can take a finished picture out of tures in almost evel"}' branch of science 

Though this film is fairly new, the camera back. and industry. For more information, 
Polaroid Land films and oscilloscope re- PolaScope film h a s  advantages write to Polaroid Corporation, Techni-
cording are old working partners. Get- whether you can see the trace or not. It cal Sales Dept., Cambridge 39, Mass. 

New Polaroid PolaScope Land film for oscillography. POLAROID' 
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FOUR LANGUAGES 
serving business and industry around the world. 

for complete, timely management reports. Automation knows no language barrier. Shown above are four 
automation languages which can be read and processed by on 
NCR Computer. In fact, NCR's total systems data processing 
provides complete electronic control from original to final report. 

NCR Cosh Registers, Accounting, Bookkeeping, or Adding 
Machines are first used to capture vital input data automatically 
as a by-product of original entries. This information is automati
cally recorded in Optical Font Printing, MICR (Magnetic Ink Char
acter Recognition), Punched Tope, or Punched Cords. Any of 
these media can then be quickly processed by on NCR Computer 

NCR's extensive research programs search for better ways to 
serve the world's business community. A typical example, NCR 
Paper-a unique product capable of providing up to eight 
copies without carbons! Other fields of NCR research include 
encapsulation, micro-photo-chromics, and loser light techniques. 

NCR is constantly seeking new ways to help meet the needs 
of world commerce. NCR's goal, to provide more. efficient data 
processing and collecting systems for business, banking, govern
ment and industry. 

NCR PROVIDES TOTAL SYSTEMS - FROM ORIGINAL ENTRY TO FINAL REPORT
THROUGH ACCOUNTING MACHINES. CASH REGISTERS OR ADDING MACHINES, AND DATA PROCESSING 

The National Cash Register Co.·l,133 offices in 120 countries· 79 years of helping business save money 

9 
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DURING RE-ENTRY. JOHNS_MANVILLE INTERNAL INSULATION AUGMENTS THE MAIN HEAT SHIELD TO GIVE OUR ASTRONAUTS ADDITIONAL PROTECTION 

Re-entry? No sweat. 
EVEN THOUGH THE SKIN OF HIS SPACECRAFT MAY GLOW AS HOT AS 1300°F. 

Mercury, Gemini, Oyna-Soar .. . wherever manned 

space projects have reached the materials specifica

tion stage, you'll find Johns-Manville insulations. 

Simply because they do the impossible. 

For instance, J-M cooked up a bonded structure 

reinforced with asbestos and containing appreciable 

quantities of particulate matter. They called it Min-K®. 
Scientists called it magnificent. Min-K, you see, has a 
thermal conductivity lower than that of still air ... an 

achievement considered theoretically impossible just 

a short time ago. 

Then there's Thermoflex®, a blanket-like material 
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of ceramic fibers that stands up to temperatures 

which will melt the fibers of practically any other 

known material. 

And Dyna-Quartz, a unique glass fiber so heat

resistant it's been specified to insulate Dyna-Soar's 

primary internal structure. During re-entry, Dyna

Soar's outer skin temperature is expected to reach 

more than 2000°F. 
It all adds up to one thing. Johns-Manville insu

lation systems are literally out of this world. Which 

explains why so many people feel they're getting the 

best protection on earth when they use Johns-Manville 
insulations. 

MIN·K ... used to protect 
the ducting for the reac
tion control system aboard 
Mercury and the struc
tural ribs aboard both 
the Mercury and Gemini 
spacecraft. 

THERMO FLEX .. . used 
between outer and inner 
shells of spacecraft to help 
keep cabin temperature 
safe for astronauts and to 
attenuate noise aboard 
Mercury and Gemini. 

DYNA-QUARTZ ... the 
only known lightweight 
material which will main· 
tain its dimensions when 
subjected to the severe 
heat expected on coming 
Dyna-Soar flights. 

Johns-Manville IJ� 
22 EAST 40TH STREET, NEW YORK 16, N. Y. PR O Due T S 
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When your project requires 
crystal or solid state technology 

it9s tiIn.e to contact HARSHAW 

Harshaw Crystal-Solid State Division Capabilities: 

1 
Nuclear Radiation 

Detectors 

Ha rshaw prod uces Sci ntil
lation Crystals for the de
tection of Alpha and Beta 
particles, and Neutron and 
Gamma radiation. 
Silicon Surfa ce Barrier 
Charge Particle Detectors 
and Gas-F il led Radiation 
Detectors (boron-10 trifluo
ride neutron counters and 
halogen-quenched G-M 
tubes) are offered to com
plete the line of radiation 
detectors. 

Lithium Fluoride Thermo
luminescent Do simeter 
Powder is available for 
medical research and X-ray 
therapy dose measure
ment. Lithium-6 Fluoride, 
a n d  Lithium-7 Fluoride 
Thermoluminescent Dosi
meter Powder provides dis
crimination between neut
ron dose and gamma dose 
received in a mixed radia
tion field. 

2 3 
Thin Film Solid State 

Technology 

Harshaw is marketing radi
ation-resistant, flexible 
cadmium sulfide solar cells 
offering longer space life, 
more watts per pound, and 
lower fabrication cost. Flex
ibility of these thin cells per
mits a wide variety of com
pact configurations which 
may be readily assembled 
or unfolded in space. 

At present we are engaged 
in development ,studies on 
photoconductors, phos
phors, thermistors, thin film 
transistors, and other solid 
state effects. 

Infra Red & Ultra Violet 

Transmitting Materials 
ROUGH BLANKS AND 

POLISHED OPTICS. 

Har s h aw Al kali Halide 
Crystals span the wave
length range from the far 
vacuum ultra violet to the 
far infra red. Harshaw high 
purity vacuum-grown lithi
um fluoride has the short
test known cut-off wave
length, approximately 1040 
Angstroms, while cesium 
iodide and thallium bro
mide-iodide offer transmis
sion out to about 40 mi
crons. Windows, prisms 
lenses, and polarizing ele· 
ments are available from 
Harshaw'S Optical Polish· 
ing Facility. Now available 
... T-12, a new crystalline 
compound transmitting 1 
to 12 microns. Developed 
specifically to resist ther
mal and mechanical shock. 

4 
Materials 

II·VI Compounds-Cad mi
um Sulfide, Cadmium Se· 
len ide, Zinc Sulfide, Zinc 
Selenide, and Zinc Tellu
ride are offered in both 
powder and single crystal 
form. As a service, single 
crystals will be provided 
with the desired orienta
tion. 

Laser Crystals-CaF2 and 
Ba F 2 ra re ea rth activated. 
Tungstate and molybdate 
crystals are also available. 
In-house research on new 
Laser materials is continuo 
ing. 

You are i n v i ted to c o n t a c t  
CRYSTAL·SOLID STATE DIVI· 
SION, the Harshaw Chemical 
Company if any of your present 

or future endeavors embrace 
the science of crystal or solid 

state technology. Our large 
staff of physicists, scientists, 
and technicians will be pleased 
to work with you. 

CRYSTAL SOLID STATE DIVISION 
THE HARSHAW CHEMICAL COMPANY 

1945 E. 97th Street, Cleveland Ohio·Zip Code 44106 Area Code 216 RAndolph 1·8300 
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The ear/It pli% graphedfrom space during Project Mercury JUglll. 

Round-the-World Tours Start at 320 Park Avenue Every Business Day 
Why not take a fresh look at our 
little planet? To do that, you might 
start where global explorations are 
all in a day's work-from pole to 
pole and from the oceans' depths to 
the wastes of space. At ITT World 
Headquarters in New York City. 

From this point ITT pursues its 
corporate goals on a planetary scale 
for the benefit of its shareholders 
and employees. And for the benefit 
of this and 48 other nations on six 
of the earth's continents in which 
the ITT System works, builds and 
does substantial business. 

Whatkindof business?Communi
cations and electronics. ITT believes 
in the concept of a small, intimate 
world-one in w hich informa
tion and icleas flow freely, quickly, 
abundantly. The 48 companies of 

ITT build the needed hardware. 
Some examples: In Vienna, an 

ITT company manufactures inter
com equipment. From Antwerp 
come integrated, mechanized postal 
systems. From Copenhagen, mobile 
and maritime radio-telephone 
equipment. In Paris, an ITT com
pany is prime contractor for a highly 
sophisticated troposcatter commu
nication system extending 8,500 
miles-from Norway to Turkey. 

An ITT company in Stuttgart 
manufactures air-navigation and 
transmission systems. Another, in 
Milan: microwave equipment. In 
the Hague: teleprinter exchanges. 
In Oslo: wire and cable. In Lisbon: 
radiosondes for weather prediction. 
In Madrid: telecommunication 
cable and marine navigation aids. 

In Stockholm: telephone switching 
equipment. In Zurich: pneumatic 
ticket tube systems. In Croydon, 
England: teleprinters. In London: 
the undersea cables and repeaters 
that link continents by voice. In 
Chicago: military and industrial 
communication systems. 

Radio and television sets are built 
by ITT companies in Buenos Aires 
and Rio de Janeiro. Firms in San
tiago and Mexico City make tele
phone receivers. And operating 
subsidiaries of ITT are providing 
comprehensive telephone service 
in Chile, Puerto Rico, the Virgin 
Islands, Brazil, and Peru. 

A broad range of communica
tion equipment is manufactured by 
ITT companies and licensees in 
Australia, New Zealand, and Japan. 

Their products are sold throughout 
the Far East in a vast marketing 
operation based in Hong Kong. 

iTT's busy everywhere: at home, 
where 22,500 people are at work in 
55 locations from Fairbanks, Alaska 
to Houston, Texas, and in Africa, 
Canada and the Arctic. In all, 
23,000,000 sq uare feet of ITT Sys
tem plants, labs and offices-em
ploying more than 150,000 persons 
-are humming with activity around 
the world. This cosmopolitan com
pany is, in fact, the largest interna
tional supplier of electronics and 
telecommunication equipment on 
the face of our globe. 

International Telephone and 
Telegraph Corporation, World 
Headquarters: 320 Park Avenue, 
New York 22, New York. 
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This is the WILO* M-20 1 
RESEARCH MICROSCOPEI 

This is the WILO* M·20 with: 
DRAWING TUBE CINETUBE CAMERA 2 POLAROID 

LAND BACK 
INCIDENT LIGHT 

ATTACHMENT 

Nowhere is there an instrument so versatile, so precise, so conveniently adapt
able to all observation methods. Nor so admirably suited to your field of research 
or scientific investigation. 
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"The first name in Surveying Instruments, 
Photogrammetric Equipment and M icroscopes. 

WILDe 
H EER B R U GG 

WILD HEERBRUGG INSTRUMENTS, INC. 

PORT WASHINGTON, Naw YORK 
Full In Canada: Wild of Canada Ltd •• 

Factory Services 881 Lady Ellen Place, Ottawa 3, Ontario 

LETTERS 

Sirs: 
In the interesting article by Arthur L. 

Schawlow ["Advances ill Optical Ma
sers," SCIENTIFIC AMElUcAK, July 1 there 
are several inaccuracies in the table of 
laser types that could be misleading to 
the uninitiated. 

Specifically, three groups of solid 
lasers are stated to operate continuously 
at 20 degrees centigrade. In fact, all of 
these should have the same designation 
as gallium arsenide in the same table, 
namely pulsed at 20 degrees C. and con
tinuous at - 196 degrees C. To the best 
of my knowledge there is still only one 
solid material that will operate con
tinuously (direct current) at room tem
perature: neodymium 3+ in calcium 
tungstate (L. F. Johnson, C. D. Boyd, 
K. Nassau and R. R. Soden, Physical Re
t;iew, Volume 126, pages 1406-1409; 
1962), which was not included in 
Schawlow's listing. 

K. NASSAU 

Bell Telephone Laboratories 
Murray Hill, N.J. 

Sirs: 
I am grateful to Dr. Nassau for pOint

ing out this error in our table. It arose 

Scientific Amcl"icun. September, 1963; Vol. :209, 
No. 3. Published monthly by Scientific American, 
Inc., 415 Madison A\'cnllc. New York 17, N.Y.: 
Gerard Piel, president: Dennis Flanagan, yicc
president; Donald H. Aliller, Jr .. vice-president 
and treasurer. 

Etliltll'ial correspondence should be addressed to 
The Editors, S OENTH"IC Ai'll _1lI";A�, 415 .\Iadison 
A\CIlUC, New York 17, N.Y. Manuscripts are 
submitted at the author's risk and will not be 
returned unless accompanied by postage. 

AJ\�'l"tising cOI'respondence sholllJ be addressed 
to �lartin 1\1. Davidson, Advcrtising Manager, 
SCIENTIFIC AMEI!ll.AN, '115 l\ladisoll A,'cnue. 
York 17, N.Y. 

Suhscl'illtion corl'es)londcnce should be ad. 
dlesscJ to Jerome L. Feldman, Circulation l\Jan· 
a:,;:er, SCIENTIFIC A MERIt.:AN, 415 '\Iadisoll :\\'CJllI('. 
Ncw York 17, N.Y. 

OfI)lI'int cUl'l"cs)londclI('c and ortlers sholild be 
addressed to \V. H. Freeman and CompallY. 
660 1\Jarkel Street. San Francisco 4. Calif. 

Subscl'illtion rates: one year, 56; two years. Sll; 
three years, S15. These rates apply throughout 
the world. Subscribers in the United Kingdom may 
remit to l\lidlund Bank Limited, 69 Pall )Jall, Lon· 
don SW 1, England, for the account of Scien· 
titlc American, Inc.: one year, two pounds four 
shillings; two years, three pounds 19 shillings; 
three years. five pounds eight shillings. 

C11uflge of address: please notify us four week! 
in advance of change. If available. kindly furnish 
an address imprint from a recent issue. Be Slife to 
give both old and new addresses, including postal 
zone numbers, if any. 
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eREI home study 

programs in 

electronics help 

Defense 

Electronics, Inc. 

cut recruitment 

costs. 

"In an organization expanding as rapidly as 

ours-we grew from five employees to over 

300 in three years-recruitment costs can be 

substantial. We keep costs in line by up

grading promising employees. CREI's ad

vanced technical education helps us do this. 

We design and manufacture advanced RF 

communications, surveillance, telemetry, data 

handling equipment and systems. Our prod

ucts are used on all major missile ranges, 

NASA installations, and AEC test areas. 

CREI has tailored programs to meet our very 

special technical requirements. We regard the 

CREI curriculum as one of the very finest in 

the nation and our company-sponsored 

employee Educational Program pays for a 

substantial part of the tuition upon satis

factory completion of the program." 

MILLER S. REDDEN, JR. 
Vice President and Chief Engineer 
Defense Electronics, Inc. Rockville, Md. 

CREI currently provides advanced technical 

educational services to employees of more than 

1,700 organizations in industry and govern

ment. Programs cover every major field of 

electronics including space and nuclear engi

neering technology and meet the needs of 

every level of electronics man-from the tech

nician to the graduate engineer who must keep 

abreast of new developments. Programs are 

available on an individual basis or are devel
oped to meet specific training objectives. 

A CREI Field Service Representative will be 

glad to discuss CREI Programs with you or your 

employees. For a visit or information, write on 

company letterhead to H. E. McCallick, Execu
tive Vice- President, The Capitol Radio 
Engineering Institute, 3224 Sixteenth St., 

Washington 10, D. C. 
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some of our projects are 

.• . all are critical 

1. One of the largest antenna arrays ever designed 2. Effective management of a missile range 

terminus 3. Advanced studies of space concepts 4. Facility management for an arctic circle 

research project. 

We treat every job as critical to the client. On some jobs we handle 
design and engineering; on others, management and operations. We fre
quently provide services for advanced technology. Our background is strong 
in turnkey construction.�A competent engineering firm should be selected 
early in your planning. Write for our new qualification record brochure: 
Project Development, Holmes & Narver, Inc., 828 South Figueroa Street, 
Los Angeles 17, California. 

HOLMES & NARVER, INC. since 1933 

••• , ••• � • �.,�",ro., 

I inadvertently during an effort to reduce 
a longer table to concise and readable 
form. The error in temperature is an un
fortunate matter of terminology. For the 
ionic materials, which are numerous, 
only the highest operating temperature 
was reported, whether it corresponds to 
pulsed or continuous operation. Usually 
only pulsed operation is attained at the 
highest temperatures. Semiconductor la
ser materials are not yet as numerous and 
so we were able to distinguish explicitly 
between the temperatures for pulsed 
and for continuous maser operation. 

ARTHUH L. SCHAWLOW 

Stanford University 
Stanford, Calif. 

Sirs: 
Since I came to Iowa six years ago I 

have been watching the changing moire 
patterns that show in the wire corncribs 
when one travels past the local farms. 
The cover of your May issue immediate
ly caught my eye, and I was delighted 
with the article by Gerald Oster and 
Yasunori Nishijima ["Moire Patterns," 
SCIENTIFIC AMERICAN, May J. I should 
like to add a few words about an engi
neering application of moire patterns. 
They are used in the determination of 
strain analysis. In this country A. J. Du
relli of the Illinois Institute of Tech
nology, among others, has conducted re
search on this aspect of moire patterns. 

ENZO O. MACAGNO 

Institute of Hydraulic Research 
University of Iowa 
Iowa City, Iowa 

Sirs : 

There is an error in Martin Gardner's 
department "Mathematical Games" for 
July. Gardner defines chromatic number 
as follows: "The chromatic number is the 
maximum number of regions that can be 
drawn on the surface in such a way that 
each region has a border in common with 
every other region." According to com
mon mathematical usage the chromatic 
number is defined as it is by E. M. Patter
son (Topology, lnterscience Publishers, 
1959, page 15) : "The minimum number 
of colours required to colour a map on 
a given surface is called the chromatic 
number of the surface." 

DALE ,,,rOODS 

Kirksville, Mo. 

© 1963 SCIENTIFIC AMERICAN, INC



OUR MOST EXCITING PRODUCT 

Long lists of achievements are fine, 
and we are proud of ours ... but at 
ALLIS·CHALMERS we tend to be 
still more enthusiastic about what 
is coming next. 

* New products, improvements in 
existing products, better ways of 
ser v ing our customers ... these 
are the definite w ays in which 
Al lis-Cha lmers does its share to 
help you share in a better future. 
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Scene: The Space Environment Simulation 
Chamber at General Electric's Valley Forge 
Space Technology Center. NIMBUS, the first 
earth-oriented weather satellite, perches atop 
a frictionless platform anchored to a spher
ical bearing . . . a bearing that moves in a 
pressure medium of carbon dioxide from a 
Liquiflow* system. 

Inside the chamber, NIMBUS encounters 
the simulated conditions of a 500-mile-high 
orbit for 60 consecutive days. Structure con
trols, cameras and radiometers react to the 
bone-snapping cold of outer space, the in
tense light of the sun, the proximity of warm 
Planet Earth. 

NIMBUS' flight maneuvers are simulated 
with the aid of the carbon dioxide-lubricated 
stainless steel bearing. This unique method 
of lubrication helps to maintain the required 
thermal vacuum . . .  any gas escape from the 
bearing freezes on the walls of the chamber 
as dry ice. . 

The gas bearing has proved to be the most 
trouble-free component of the testing system. 
Reliability has been achieved by General 
Electric with the help of Liquid Carbonic 
Sales Engineers. 

Look to Liquid for professional assistance 
on any problem involving controlled applica
tions of carbon dioxide, oxygen, nitrogen, 
argon, helium. We are at your service. 

* Registered tradenw"rk of Liquid Carbonic' 8 low�pre88UTe COt 8Ystem. 

LIQUID CARBONIC 
OIVISION OF GENERAL DVNAMICS 
a Major Producer of Cryogenic Gases 
135 South LaSalle Street, Chicago 3, III. 
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FROM TOLEDO SCALE: A WORLD OF PROGRESS IN THE WORLD OF WEIGHING 

MIX CONTROL BOARD: Programmed Formulaboard func· 
tion is locked in lower center panel. Solid state circuitry 
created and produced by Toledo's unique capabilities 
assures highest reliability and long life. 

LOSS-IN-WEIGHT MIX FACILITY: All three ingredient in· 
puts are in position. Oxidizer tote is in tilt position on load 
cells; premix can in foreground rests on load cells. Curing 
agent handling mechanism is behind premix can. Pro
pellant mixing can is simulated beneath installation. 

MASTER CONTROL CONSOLE: Typewriter logs record of 
operations performed through each mix control board. 
Key lock functions are also located at master control 
console. Color coding and unique concepts in operating 
logic are applied to achieve the highest order of man
machine integration. 

20 

Will help cut cost, boost reliability of the Minuteman 
first-stage engine: Preparing solid propellants for missiles is 
ticklish business. It calls for proportioning, mixing and blending of 
ingredients to a precise formulation for rigid control of physical 
characteristics and burning rate. Errors are unthinkable. 

This digitalized Toledo Automated Batch Mixing System (ABM) 
was developed for Thiokol Chemical Corporation, leading manufac
turer of sol id propellants. It provides the accuracy, automation and 
quality control so vitally needed, with a 25% production increase 
over previous batch mixing methods. But, more than that, it is a 
breakthrough that makes possible development of solid propellant 
motors many times more powerful than those we have today. 

The System permits accurate proportioning of ingredients by con
trol and automatic check of each ingredient's weight to a fraction 
of a pound within thousand·pound lots. The Toledo plug-in Formula
boards allow changing the weights and ratios of ingredients to pro
duce any number of propellant formulations. A continuous operating 
log is prepared automatically by electric typewriters, and inter
locking key controls prevent unauthorized changes in programming. 

This advanced system for Thiokol is typical of our unique capabilities 
in the world of weighing. We'd like to tackle your problems, too, any
where in the world. Call us, or write today to learn how we can meet 
your needs-for everything from standard bench or platform scales 
to complete, automated systems. 

TOLEDO SCALE 
Division of Toledo Scale Corporation . 1451 Telegraph Road, Toledo 12, Ohio 

(Toledo Scale Co. of Canada, Ltd., Windsor, Ontario) 

Prime source for weighing ,i., equipment and technology 
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How will we go 

about our first explorations 

of Mars? 
... another example of the com plicated 

problems Douglas and t he aerospace 

industry are helping NASA to solve 

You are 600 miles from Mars, and 
dropping to the surface in yOUt' 
landing module ... 

You have just left the orbiting 
mother spacecraft on which you 
made a six-months-long voyage from 
Cape Canaveral. This bulbous, nu
clear-powered ship will wait in orbit, 
outside the Mars atmosphere, for you 
to return in your excursion module 
and start your trip back to Earth. 
The stars shine brightly in the black
ness of space, but the sun seems only 
about two-thirds the size it appears 
from Earth. 

Below you, scarred by marks that 
astronomers called canals when first 
discovered in 1873, circles the red 
planet.  Its  cool surface,  almost 
devoid of  atmosphere, awaits your 
exploration. 

Fantastic? Ten years ago, yes. Five 
years ago, perhaps. Today, just one 
of the realities to which Douglas engi
neers and other scientists in the aero
space industry are devoting all-out 
effort. In fact, the rocket that is a big 
step toward boosting our astronauts 
to Mars is already in being. 

This is Saturn, a giant among 
rockets-nearly 16 stories high. Its 
first stage has already been success
fully fired down the Cape Canaveral 
range. The second, or S-IV stage-

now being built by Douglas-has had 
a completely" A-OK" firing in a 
static test bed at Sacramento, Cali
fornia. Another version, the Douglas 
S-IVB, is being developed as the 
third stage of a still more powerful 
rocket-the gigantic Saturn V,a 35-
story, 6,000,000 pound space vehicle 
scheduled for flight tests in 1965. 

How does one go about designing 
. and building so vast and complex a 
machine? 

You begin, as Douglas began, by 
assigning a team of tough-minded 
visionaries to the project-men with 
the courage to think years ahead of 
the times, and the tenacity to stick 
with seemingly hopeless assignments 
to the successful end. 

You need specialists in human 
engineering, to make sure the ma
chine is suited to man's use-since 
man· is the one part of the great com
plex it is difficult to modify. You need 
metallurgists to select and fabricate 
rna terials, elec tronic engineers, 
propulsion specialists, chemists to 
develop fuels or new heat-resistant 
plastics. Name any craft, art o r  
science imaginable. Chances are it's 
part of the Douglas Saturn team, 
applied in some of the most modern 
a n d  e x t e n s i v e  f a c i l i t i e s  in the 
aerospace industry. 

/ 
DDUG� 

Major Douglas Divisions are located in Santa Monica and Long Beach, 

California, Tulsa, Oklahoma, and Charlotte, North Carolina 
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BEFORE HYCAR 4021, 
NO RUBBER 

COULD PASS THIS TEST 
When oil temperatures pass the 300°F 

mark, exposed rubber parts get hard and 

useless within a few hours, with one ex· 

ception-those parts molded of Hycar 

polyacrylic rubber. 

The seal shown above in oil at 400°F 

is made of Hycar 4021. This remarkable 

polymer stays flexible, does its job in hot 

oils, including sulfur· bearing extreme· 

pressure lubricants, in oil·field service, 

and anywhere that heat, oil, sulfur, and 

oxygen make ordinary rubber impractical. 

If this sounds like your problem, find 

out about Hycar 4021 rubber. Write to 

B.F.Goodrich Chemical Company, Depart· 

ment CA·9, 3135 Euclid Ave., Cleveland, 

Ohio 44115. In Canada: Hv�-,® 
Kltchener, Ontario. IT - -

�alkad� 
B.F.Goodrich Chemical 
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THE AUTHORS 
ASA BRIGGS ("Technology and Eco

'nomic Development") is professor of 
history and dean of the School of Social 
Studies at the University of Sussex in 
England. A native of Yorkshire, Briggs 
received an M.A. in history from the 
Uni"ersitv of Cambridge in 1941 and 
studied economics at the University of 
London before entering the British In
telligence Corps in 1942. In 1945 he 
jOined the faculty of the University of 
Oxford, where he became Reader in 
Recent Social and Economic History. 
Briggs came to the U.S. in 1953 to 
spend a year at the Institute for Ad
vanced Study in Princeton, N.J. He left 
Oxford in 1955 to become professor of 
modern history at the University of 
Leeds, and in 1961 he joined the faculty 
of the University of Sussex. Since 1958 
he has served as president of the "Vork
ers' Educational Association of the Royal 
West of England Academy. Briggs is the 
author of several books on the history of 
economic development, including H is
tory of Birmingham (1865-1938), pub
lished in 1952. 

KINGSLEY DAVIS ("Population") 
is professor of sociology and chairman 
of International Population and Urban 
Research at the University of California 
at Berkeley. He was graduated from the 
University of Texas in 1932 and ac
quired an M.A. and a Ph.D. from Har
"ard University in 1933 and 1936 re
spectively. After teaching for a year at 
Clark University he joined the faculty of 
Pennsylvania State College, where he 
was made head of the sociology depart
ment. In 1942 he went to Princeton Uni
versity to work in the Office of Popula
tion Research; he was a member of the 
Princeton faculty until 1948, when he 
was appointed associate director and 
later director of the Bureau of Applied 
Social Research at Columbia University. 
From 1946 to 1952 he was a member of 
the joint committee on South Asia of the 
Social Science Research Council and 
from 1952 to 19.54 he directed a research 
project on population trends and demo
graphic behavior in Jamaica. He joined 
the Berkeley faculty in 1955. Davis 
served as U.S. representative to the 
United Nations Population Commission 
from 1955 to 1961. 

NEVIN S. SCRIMSHAW ("Food") 
is professor of nutri tion and head of the 
Department of Nutrition and Food Sci-

ence at the '\.[assachusetts Institute of 
Technology. A graduate of Ohio Wes
leyan University, Scrimshaw received an 
M.A. and a Ph.D. from Harvard Uni
versity in 1939 and 1941 respectively. 
He did postdoctoral work in nutrition 
and endocrinology at the University of 
Rochester and received an tvl.D. from 
that university's medical school in 1945. 
After interning at Gorgas Hospital in the 
Canal Zone he returned to the University 
of Rochester in 1946 to do research in 
the department of obstetrics and gyne
cology. In 1948 he went back to Panama 
to do field research on nutrition and 
pregnancy and shortly thereafter be
came chief of the Nutrition Section of 
the ""orld Health Organization's Pan 
American Sanitary Bureau. From 1949 
to 1961 Scrimshaw served as director 
of the Institute of Nutrition of Central 
America and Panama. He acquired a de
gree in public health from Harvard in 
1959 and was adjunct professor of public 
health nutrition at the Columbia Uni
versity College of Physicians and Sur
geons from 1959 until 1961, when he 
took up his present post. Scrimshaw has 
served as adviser on world nutrition 
problems to various Government and 
United Nations agencies. At '\1..LT. he is 
currently engaged in studies involving 
the effect of stress on nutritional require
ments and the effect of nutrition on re
sistance to infection and on mental de
velopment. 

ROGER REVELLE ("Water") is 
University Dean of Research at the Uni
versity of California and director of that 
university's Scripps Institution of Ocea
nography. Revelle began his long associ
ation with the Scripps Institution in 1931, 
two years after acquiring an A.B. in 
geology from Pomona College. He re
ceived a Ph.D. from Scripps in 1936 and 
was professor of oceanography there in 
1951, when he became the first alumnus 
of that institution to be appointed its di
rector. During World War II Revelle 
served as a commander in the U.S. Navy 
and immediately after the war joined the 
Office of Naval Research as head of the 
Geophysics Branch. In 1946 he organ
ized the oceanographic expedition asso
ciated with the atomic bomb test in 
Bikini Lagoon, measuring the diffusion 
of radioactive waters and their effects 
on marine organisms. During the early 
1950's he led several other expeditions 
to the central and southern Pacific, de
veloping new methods for measuring the 
How of heat out through the Hoor of the 
ocean. He served as president of the first 
International Oceanographic Congress 
held by the United Nations in 1959, and 
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• With the quality of the components which you select, 
you automatically establish the "quality" of your product. 
Consequently, there's no surer way of making certain 
of optimum performance than by using Allen-Bradley 
electronic components. Such stable characteristics insure 
against catastrophic failure, and conservative ratings are 
way beyond the "promise" of any similar products. 
Hundreds of customers of many years standing have 
learned from their experience with Allen-Bradley hot 
molded resistors, that today's shipments are as uniform 
in quality as they were ten or twenty years ago -and 
such uniform quality can always be expected. 

Remember also that with billions of A-B resistors in 
use, there is not one instance of catastrophic failure on 
record! Allen-Bradley's exclusive hot molding process re
sults in such uniformity that long term resistor perform
ance can be accurately predicted. 

Then there's the compact Type G potentiometer. The 
solid, hot molded resistance element assures exceptionally 
smooth control throughout its long life - there are never 
any abrupt resistance changes during adjustment. The 

QUALITY ELECTRONIC COMPONENTS I 

noise factor is remarkably low initially, and it actually 
decreases with use. 

Allen-Bradley's Type R adjustable fixed resistors are 
also made by this same hot molding process-resistance 
element, terminals, and insulating base are all molded 
into a solid unit. Stepless adjustment is provided, and 
the moving element is self-locking at its "setting." 

In the higher frequencies-up to 1,000 mcps-A-B 
ceramic feed-thru and stand-off capacitors' unique dis
coidal design eliminates all parallel resonance effects. 

Entirely new answers to design problems are possible 
with A-B's broad line of ferrites ... reducing product 
size, weight, or cost, and improving performance. They 
can be supplied in a wide range of shapes and sizes
while maintaining extremely uniform electrical and me
chanical characteristics. 

For more details on all A-B quality electronic com
ponents-types, ratings, dimensions-please send for 
Publication 6024: Allen-Bradley Co., 1204 S. Third St., 
Milwaukee 4, Wisconsin. In Canada: Allen-Bradley 
Canada Ltd., Galt, Ontario. 

ALLEN - BRADLEY 
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BEFORE YOU BUY 
ANOTHER STEEL 
OR IR N TUBE 
... SEE IF YOU'RE GETTING THESE ADVANTAGES 

D 

D 

D 

D 

D 

Wide size ranges? ACIPCO CERAM-SPUN 
tubing offers O.D.'s from 2.25" to 52" 
and wall thicknesses from .25" to 8". 

Exact lengths? ACIPCO CERAM-SPUN tub
ing is produced in lengths from 4' to 20' 
- longer lengths are made by welding. 

Specific analyses? ACIPCO CERAM·SPUN 
tubing produces all alloy grades in steel 
and cast iron, including heat and corro
sion resistant stainless steels, carbon 
steel and special analyses. 

Complete facilities? ACIPCO CERAM-SPUN 
tUbing provides complete "under one 
roof" facilities for casting, heat treating, 
welding and fabricating, and, machining, 
including honing and grinding. 

Quality control? ACIPCO's complete testing 
facilities, including radiographic inspec
tion, are your assurance of specification 
quality at its highest. 

If you design, manufacture, or use parts 
requiring tubular metal stock as a com
ponent ... write now on your letterhead 
for your free copy of "ACIPCO STEEL 
PRODUCTS" to ACIPCO STEEL TUBING, 
Division of American Cast Iron Pipe Com
pany, Birmingham, Alabama. This 34-page, 
fact-fi lied brochure descri bes complete 
facilities and unique benefits of ACIPCO 
CERAM-SPUN® ... shows you how to save 
the cost of unnecessary metal waste with 
this new ceramic mold process. 

ACIPCO CERAM" SPUN® 
STEEL TUBING 
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in 1961 he bccame the first man to hold 
the post of science adviser to thc Secre
tary of the Interior. Revelle is currcntly 
president of the Committee on Oceano
graphic Research o� the International 
Council of Scientific Unions and a mem
ber of the U.S. Commission to the 
UNESCO Office of Oceanography. 

SA�l H. SCHUHH ("Energy") is di
rector of the Energy and Mineral He
sources Program of Hesources for the 
Future, Inc., a private research organi
zation sponsored by the Ford Founda
tion. Schurr acquired his B.A. and M.A. 
degrees from Hutgers University in 1938 

and 1939 respectively and shortly after
ward joined the staff of the National13u
reau of Economic Hesearch. During 
\Vorld \Var n he served in the Office of 
Strategic Services and on the '''Iar Pro
duction Board. From 1946 to 1949 he 
did research on the economic aspects of 
atomic power for the Cowles Commis
sion for Research in Economics at the 
University of Chicago. He was appoint
ed chief of the manufacturing and min
ing branch of the U.S. Bureau of Labor 
Statistics in 1949 and a year later be
came chief economist for the U.S. Bu
reau of Mines. Schurr spent a year as 
chief of economic research for the Rand 
Corporation before taking up his present 
post in 19.54. 

JULIAN \V. FEISS ("Minerals") is 
staff assistant for metals to the Assistant 
Secretary of the Interior for Minerals 
and Fuels. He is also assistant to the di
rector of the U.S. Geological Survey. 
Feiss was graduated from Princcton Uni
versity in 1927 with honors in geology 
and did graduate work at the Arizona 
School of .'.lines before going to Africa 
as field geologist with the Hhodesian 
Congo Border Concessions in 1929. Hc 
returned to this country three years later 
to become consulting engineer with the 
firm of Crowell and Murray. This work 
took him to mine sites in northern Cana
da, Chile and Peru. In 1938 he hecame 
geologist at the Climax Molybdenum 
Company's mine in Climax, Colo.-the 
largest underground metal mine in the 
U.S. During '''Iorld "'Iar II Feiss served 
in Kenya and Ethiopia as liaison officer 
to the King's African Rifles. After the 
war he was editor of M illillg Congress 
Journal for two vears before joining the 
U.S. Bureau of .'.lines in 1947. From 
1952 to 1961 he worked as geologist for 
the Kennecott Copper Corporation. 

FREDERICK HAHBISON ("Edu
cation for De,-elopment") is professor of 
economics and director of the Industrial 

Relations Section of Princeton Univer
sity. He was graduated from Princeton 
in 1934 and acquired his Ph.D. there in 
1940. During World War II he served as 
consultant to various Government agen
cies dealing with labor and manpower 
problems. In 1945 he ,,-ent to the Uni
versity of Chicago to become professor 
of economics and executive officer of 
that university's Industrial Rela[iolls 
Center. He held both posts untJ! 1955, 

when he joined the Princeton faculty. In 
1962 Harbison was in Geneva as a mem
ber of a committee to explore methods 
of forecasting world manpower and edu
cation recluirements for the International 
Labor Organization. He returned to Ge
neva early this year as a delegate to the 
United Nations Conference on the Ap
plication of Science and Technology for 
the Benefit of the Less Developed Areas. 
Harbison is currcntly a member of the 
Special Commission on Education, Sci
ence and Culture of the Alliance for 
Progress and consultant to various Gov
ernment and international organizations, 
including the National Planning Associa
tion, the U.S. Department of Labor, the 
Agency for International Development, 
the Organization for Economic Co-op
eration and Development, UNESCO and 
the Peace Corps. 

WASSILY LEONTIEF ("The Struc
ture of Development") is Henry Lee 
Professor of Economics and director of 
the Economics Hesearch Project at Har
vard University. Born in St. Petersburg, 
Hussia, in 1905, Leontief was graduated 
from the University of Leningrad with 
the title of "Learned Economist" in 
1925. He did research in economics at 
the University of Kiel and at the Uni
versity of Berlin, receiving his Ph.D. 
from the latter institution in 19:28. In 
1929 he went to Nanking as economic 
adviser to the Chinese government and 
two vears later came to this countrv to . . 
do research at the National Bureau of 
Economic Hesearch. He jOined the Har
vard faculty in 1931. During '''Iorld War 
II Leontief served as consultant to the 
U.S. Department of Labor, where he 
applied his "input-output" system of 
analysis to the problems created by the 
impending shift from a war to a peace
time economv. He has also served the 
United Nations as consultant on the eco
nomic aspects of disarmament and on 
the economic developnient of newly 
emerging countries. 

WOLFGANG F. STOLPER ("The 
Development of Nigeria") is professor of 
economics at the University of i\lichigan. 
He is currently on leave from that uni-
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lew HARnLE GXD refractory teams best properties 
of alumina and silicon carbide 

By combining Alcoa® Alumina and sili

con carbide for the first time, Harbi

son-Walker Refractories Company has 

developed HARTILE GXD, a remark

able new refractory that brings out the 

best performance of both materials_ 

It equals or surpasses normal sili

con carbide furniture in strength and 

thermal shock resistance_ It is highly 

resistant to oxidation growth_ It pro
tects against spotting or staining of 

the ware_ 
A significant breakthrough in the 

science of ceramics, HARTILE GXD 

answers the big need for improved re

fractory furniture in kilns working 

very fast schedules at 2,500· F or less 

-where most china, sanitary ware, 

grinding wheels and structural clay 

products are fired_ 

Alcoa does not make refractories, 

but we do supply the high-grade 

aluminas that make modern refrac

tory performance possible_ We shall 

be happy to send more information_ 

Please write Aluminum Company of 

America, Chemicals Division, 949-J 
Alcoa Building, Pittsburgh 19, Penna_ 

Alcoa Presents THE HUNTLEY-BRINKLEY Report _ _  _ 
Every Monday and Alternate Wednesdays on NBC -TV 

ALCOA 
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NOli 1 OREAl 
ELOEEI-OLYMPUS lOOM 
SIEREO MICROSCOPE 

IN 3 OREAl VERSIONS! 

ElGEET'S FAMED STANDARD MODEL 
Zooms through a range 
from 1:4 • . .  while offering 
7.5 to 30X magnification! 
Internal prism system pro· 
vides sharp images through 
all stages! With lOX wide 
fi eld paired eyepieces 
(with 20X wide field op· 
tional). $382.00 with hard· 
wood carry case, lock and 
key. 

NEW! ON ELEVATED BASE! 
Ideal laboratory or educa· 
tion model (with mirror be· 
neath the glass stage). 
Bases may be purchased 
individually. On base with 
mirror, $418.00. 

NEW! ON UNIVERSAL STAND! 
For inspection sta· 
tion and production 
line installations
counter·balanced uni· 
versal stand! For elec· 
t r o n i c  a s s e m b l y, 
other micro·miniature 
problems. Microscope 
and universal stand 
• • .  $ 411.50. Stand 
separately - $79.50. 
Write for detailed lit· 
erature SZ·163. ; 

ElqeefoPTlCAL ; 
303 Child £��::��� l��NCy: 
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versity and is doing research at the Cen
ter for International Affairs of Harvard 
University. Stolper was born in Vienna 
in 1912 and studied at the universities of 
Berlin, Bonn and Zurich before coming 
to this country in 1934. He received an 
M.A. and a Ph.D. from Harvard in 1935 

and 1938 respectively and afterward 
taught at Harvard and at Swarthmore 
College before joining the Michigan 
faculty in 1949. Stolper first worked on 
problems of economic development in 
1946 when he co-authored, with Chiang 
Hsieh, the report Social Policy in South
east Asia for the International Labour 
Office. On leavc from Michigan during 
the academic year 1955-1956, he did 
research at the Center for International 
Studies at the Massachusetts Institute 
of Technology that resulted in a book, 
The Structure of the East German Econ
omlj. In 1960 he was appointed head of 
the Planning Unit of the Nigerian Min
istry of Economic Development and 
spent most of the next two years in 
Lagos, working out Nigeria's first eco
nomic-development plan. Earlier this 
year Stolper was in Malta as chief of the 
United Nations Economic Mission to 
that country; next month he expects to 
go to Ethiopia as an adviser to the Eco
nomic Commission for Africa. 

PITAMBAR PANT ("The Develop
ment of India") is Chief of the Perspec
tive Planning Division of the Indian 
Planning Commission. 

CELSO FURTADO ("The Develop
ment of Brazil") is head of the Super
intendency for the Development of 
the Northeast (SUDENE) and min
ister without portfolio in the Minis
try of Planning Affairs of the Joao 
Goulart government. Furtado was born 
in the city of Pombal in the state of 
Paraiba in 1920 and was graduated from 
the National Faculty of Law of the Uni
versity of Brazil at Rio de Janiero. He 
received a Ph.D. in economics from the 
University of Paris in 1948 and did re
search for a year at the University of 
Cambridge before joining the permanent 
team of economists attached to the 
United Nations Economic Commission 
for Latin America in 1949. He later be
came chief of the Development Division 
of ECLA and worked on problems of 
economic development in Brazil, Mexico 
and Venezuela. In recent years Furtado 
has served the Brazilian government as 
Minister for Economic Planning and De
\'elopment and as Director of the Na
tional Bank for Economic Development. 

ARTHUR GOLDSCHMIDT ("The 

Development of the U.S. South") is 
Director for Special Fund Activities in 
the United Nations Department of Eco
nomic and Social Affairs. Goldschmidt 
was born and raised in Texas and was 
graduated from Columbia University in 
1932. A year later he jOined the newly 
formed Federal Relief Administration 
and subsequently worked for various 
other Government agencies, including 
the Senate Committee on Interstate 
Commerce, the National Bituminous 
Coal Commission, the National Power 
Policy Committee and the Department 
of the Interior. During this period he was 
one of a group of southerners in Govern
ment who prepared the "Report on Eco
nomic Conditions in the South" discussed 
in the present article. In 1944 he was 
appointed director of the Division of 
Power in the Department of the Interior. 
He served on the National Commission 
for UNESCO in 1949 and was U.S. dele
gate to the UN Scientific Conference for 
the Conservation and Utilization of Re
sources. Goldschmidt joined the UN 
Secretariat in 1950 as a director in the 
Technical Assistance Administration and 
was appOinted to his present post in 
1959. His work has taken him to most 
of the developing countries of Asia, 
Africa and Latin America. He wishes to 
make clear that the views expressed in 
this article are personal and not neces
sarily those of his institution. 

EDWARD S. MASON ("The Plan
ning of Development") is Lamont Uni
versity Professor of Economics at Har
vard University. A graduate of the Uni
versity of Kansas, Mason received an 
M.A. from Harvard in 1920 and a B.Litt. 
from the University of Oxford in 1923. 

He returned to Harvard later in the same 
year to become instructor in economics, 
acquired his Ph.D. from that university 
in 1925, and has been a member of the 
Harvard faculty ever since. Over the past 
25 years Mason has served as economic 
consultant to various Government agen
cies, including the Department of Labor, 
the Office of Strategic Services and the 
State Department. In 1947 he was ap
pointed chief U.S. economic adviser to 
the Moscow Conference of Foreign Min
isters. From 1947 to 1958 he was dean 
of the Harvard Graduate School of Pub
lic Administration. 

ERICH FROMM, who in this issue 
reviews C. G. Jung's Memories, Dreams, 
Reflections, recorded and edited by 
Aniela Jaffe, is professor of psychology 
at two universities: the National Uni
versity of Mexico and the Universitv of 
Michigan. 
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multiple gears, TpC 
with one Geneva • springs and shutters 

The CPPC Counter uses an extremely simple mechanism as compared to the 
nested drums and complex gearing of other 360· counters. 

The major contributing factor to simplicity and smaller size is the totally new 
concept used in presenting the 10's and 100's of degrees. Further details 
of this concept are available upon request. 

Due to the elimination of complex gearing, the Clifton counter has a more 
normal spacing between numbers than other counters- thus requiring a 
smaller instrument panel opening and providing easier reading. 

In the CPPC Counter, the drive shaft is coupled directly to the units counting 
wheel-hence backlash is eliminated. Shaft extension may be right, 
left or both. 

Rotation is reversible and continuous with clockwise rotation of the input 
shaft extending right resulting in an �creasing readout value. 

Because the message units are captively supported and forcibly driven, these 
angle counters operate in any attitude and are highly resistant to shock 
and vibration. 

For further information: Sales Dept. 5050 State Road, Drexel Hill, 
Pennsylvania, 215 MA 2-1000, TWX 215 623-6068-or our Representatives. 

CLIFTON PRECI'SION PRODUCTS CO., INC. 

TYPE AWH-17Q.OOl 

Numeral Size . . . 250· high, white on 
black drums and plates ' 

Torque . .  1 oz:jn max. at 20°C 
Input Shaft 
Speed . . . . . . . .  450 RPM Continuous 

1000 RPM Intermittent 
Life . . .  . .... 5 million revolutlons'min. 

Temperature . . + 125°C to -55°C 
[' Operating 

Weight . 1.5 oz. 

I.m 
Mil Spec. . .... Designed to meet Mil-E-

5272 "C" ' 
...",.��,=,,"""""" "'" 

Clifton Heights, Pa. 
Colorado Springs, Colo. 

© 1963 SCIENTIFIC AMERICAN, INC



TAKE A 
CLOSER 
LOOK 

Project Stratoscope II will do 
just that. From an 80,000-
foot-high balloon platform, 
a b o v e  96% o f  t h e  e a r t h's 
dusty and turbulent atmos
phere, its precision telescope 
will provide a photographic 
resolution three times greater 
than earth-based instruments. 

S t r a t o s c o p e, d i r e c t e d  by 
Princeton University and 
sponsored by the National 
Science Foundation, Office of 
Naval Research and NASA, 
may help answer many basic 
questions about the universe
What is the composition of 
Mars' atmosphere, the nature 
of Venus' cloud patterns? 
What clues to stellar evolu
tion and the formation of the 
sun lie hidden in the core of 
nebulae and star clusters? 

The Stratoscope telescope, a 
forerunner of satellite observ
atories, was designed and built 
by Perkin-Elmer. New con
cepts were employed to de
vise its complex command 
and telemetry, precise guid-

ance and optical systems. 

Thi s  t e l e scop e  sys t e m  i s  
another example o f  Perkin
Elmer's dedication to the de
velopment of instruments and 
techniques for precise meas
urement for industry, science 
and defense. The Perkin
Elmer Corporation, Norwalk, 
Connecticut. 

March 1-2, 1963. Stl'atoscope 
II, on its first flight, success
fully obtained infrared data 
on the composition of Mars' 
atmosphere. 

PERKIN-ELMER 
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West Germany: A Bliss arrest
ing gear "catches" a landing 
U. S. A. F. jet fighter on the 
runway after a brake failure. 

Memp his: Antiquated fire 
alarms are replaced by a 
modern, more extensive Bliss
Gamewell coded alarm system. 

technologies 
for better, 
safer living 

India: Vitally-needed alumi
num strip comes whirling 
off a new Bliss cold mill near 
Calcutta. 

Brazil: Auto body sections are 
stamped out on huge Bliss 
mechanical presses at a plant 
in Sao Paulo. 

Chicago: A Bliss Mackintosh
Hemphill roll is readied for 
service in a rolling mill at a 
giant steel plant. 

Cape Canaveral: Bliss-built 
nozzles and engine parts help 
guide a Minuteman missile 
5,000 miles down range. 

Tampa: Revolutionary Bliss
Eagle traffic control system 
uses an electronic brain to 
synchronize traffic flow_ 

Even as these events are taking place, others are in the making. Bliss breaks ground for a new press

building plant for Israel _ . _ ships a complete can-making machinery line to a big food packer _ _  . 

announces a new plant in Canada to manufacture precision timers and other products _ _  . negotiates a 

contract for prototype production of parts for an advanced rocket system_ 

Everywhere in this growing, changing world, you'll find Bliss _ _  . growing 

and changing with it. Write for our 20-page booklet of Bliss activities_ 

E.W. BLISS COMPANY • Canton, Ohio 
BLISS 

SINCE 1857 ® 

Facilities in: Canton & Salem, Ohio; Hastings, Michigan; Pittsburgh, Midland & Drexel Hill, Pa.; Worcester and Newton Upper Falls, 
Mass.; Portland, Maine; Moline, Illinois; Davenport, Iowa; Baraboo, Wisconsin; Canada; England; France; West Germany; Israel; Australia. 
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Where no metal but Platinum 
Platinum catalyst plays key part in manufacture 
of nitric acid for production of crop fertilizers 
at Mississippi Chemical Corporation. 
The Mississippi Chemical Corporation's new nitric acid 
plant is designed to produce 57% nitric acid at the rate of 
280 tons per day on a 100% basis. 

This new plant features high-efficiency conversion of 
ammonia to nitric acid-one of the most important starting 
materials in the production of ammonium-nitrate fertiliz
ers. The Platinum-100/0 Rhodium alloy used as the catalyst 
is in the form of 17 layers of circular gauze 48%" in diam
eter. Why Platinum-100/0 Rhodium gauze? Because its 
high conversion efficiency as a catalyst, its assurance of 
product purity, and its stl'ength and corrosion-resistance 

at temperatures up to 930°C combine to make it the most 
economical catalyst possible for nitric acid production! 

It could pay you to use a Platinum Metal 
Your problem might be readily and economically solved 
with a Platinum Metal - where peak catalytic efficiency is 
required, as in the production of nitric acid ... where supe
rior electrical properties are required, such as in grid wires 
... where high temperature corrosion and spark erosion are 
involved, such as in aircraft sparkplugs ... where wear
resisting, non-tarnishing surfaces are required, such as 
for printed electrical circuits ... where a combination of 
severe corrosion and erosion must be met, as in the case of 
spinnerettes for rayon production ... or where product pu
rity must be retained despite high temperatures, as in the 
case of lens glasses ... the Platinum Metals have proved to 
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will do the job as well ... 
be the most economical for certain critical equipment. 

Industry is going to higher temperatures and higher 
pressures. Perhaps your own progress has been blocked by 
the limitations of materials to withstand such severe con
ditions. The Platinum Metals have removed many barriers. 
Have you considered them for your problems? 

Platinum, palladium, rhodium, ruthenium and iridium 
have unique potentials, well worth your attention. Special
ists 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 out
standing characteristics and successful applications of the 
six Platinum Metals and their alloys-indicating your field 
of interest or how we might be of assistance. 

CAN THESE PROPERTIES OF THE 
PLATINUM METALS HELP YOU? 

High Temperature Stability 
Exceptional Chemical Inertness 
Superior Wear Resistance 
Peak Catalytic Activity 
Low Vapor Pressure 

The six Platinum Metals are: 

PLATINUM· PALLADIUM· RHODIUM 
RUTHENIUM· IRIDIUM· OSMIUM 

(��� PLATINUM METALS, The International Nickel Company, Inc., 67 Wall Street, New York 5, New York 
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BRO\NN & ROOT- BUILDERS OF MEN 

BROWN&ROOT�. 
ENGINEERS . CONSTRUCTORS 

-POST OFFICE BOX 3, HOUSTON I, TEXAS 

NEW YORK • LONDON • MONTREAL • WASHINGTON 

EDMONTON. SAO PAULO. CABLE ADDRESS: BROWNBILT 
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The operators of these giant whirly cranes, among the 
world's largest, are Thais. Brown & Root trained them, 
along with hundreds of other Thailand nationals, to oper
ate complicated, intricate machines. When the project is 
completed, the country's reservoir of trained technicians 
will be considerably richer. 

For more than four decades Brown & Root's engineering 
and construction projects have taken the Company's per
sonnel and equipment to remote segments of the earth. 
In every instance, Brown & Root has employed untold 
numbers of untrained nationals and developed them into 
journeymen in various important crafts. 

This export of training, tools and techniques will undoubt
edly help to accelerate the development of these various 
countries ... help sustain economic stability, prosperity, 
growth and increased well-being. 

In future overseas projects Brown & Root pledges continu
ance of this policy to further the ultimate fulfillment of 
the cause of international industrial revolution. 
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UNCOMPLICATED, UNCOMMON- UNCANNY 
This is Reliance Digital Control. Basically, all it does is count. 
Simple? Of course, but this simplicity can control the cutting of 
things like sheet steel or corrugated board to length with un· 
canny accuracies ... from 1/64 of an inch to .0001" at prac· 
tical process speeds . •  This is a fragment of its total value. 
Reliance Digital Control solves production time and cost prob· 
lems on machines and in processes. It controls speed, position, 
length, and establishes ratios with the accuracy of a computer. 
• It operates from programmed tape, punched cards or manual 
control. It has made possible automatic warehousing and dis· 
patch, and industry is busy using it in many new ways. 

Your people should meet our people. Between us, we can 
employ Reliance's ability to improvise, innovate and apply not 
only Digital Control, but our industrial drive systems, machine 
and mill controls, and electric motors ... all pointed at reo 
solving your cost factors. We suggest you call your nearest 
Reliance office, or, if you prefer, write us direct for the infor· 
mation you need and want. Reliance Electric and Engineering 
Company, Dept. 389A, Cleveland 17, Ohio. Canadian Division: 
Toronto, Ontario. 

. 

R ELI A NeE ���I�!ERR:;G A �o� • 
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New OVUlE refrigeration panels 

save $25,000 and 30 working days 

Five men erected the walls and roof of this 116,000-cubic
foot freezer warehouse in only five days! It was built with 
DYLITE@ Refrigeration Panels for the Columbus, Ohio, 
branch of S. M. FLICKINGER, INC. 

All the wall and roof panels were shipped to the job 
site ready to erect. Each consists of exterior and interior 
facing material, with a molded-in-place insulating core of 
DYLITE expandable polystyrene-a rigid, closed cell foam 
plastic that is one of the most effective insulators known 
for this kind of construction. Because these panels are 
load bearing, there's no need for perimeter steel framing, 
decking, or masonry. The builder estimated that conven
tional construction would have cost $25,000 more, plus 
an additional 30 days' building time. 

Koppers makes DYLITE Refrigeration Panels for any 
size refrigerated facility, from walk-in coolers to large 
warehouses. Check the coupon. 

Wood that fights fire 

solves corrosion problem 

Bulk fertilizer corrodes a metal warehouse. You can 
eliminate the corrosion problem with wood, but with 
ordinary wood you have to install a complex sprinkler 
system to comply with fire regulations. SMITH-DoUGLASS 
COMPANY, INC., solved both the corrosion and fire pro
tection problems when they built their new warehouse in 
Danville, Va., with NON-COM@ fire protected lumber. 

NON-COM lumber is pressure i.mpregnated with chemi
cals that provide permanent fire protection. At tempera
tures well below the ignition point of wood, the chemi
cals produce carbon and water vapor that choke off any 
flame and prevent fire spread. NON-COM lumber also is 
protected against termites, rot and decay. The insurance 
industry has approved NON-COM lumber as a full alter
nate for noncombustible materials in many applications. 
Check the coupon. 

Shipping damage claims cut 50% 
with mOistureproof corrugated boxes 

BUD ANTLE, INC., grows and markets nearly 10,000 rail
road carloads of lettuce every year. When the company 
switched from wooden crates to corrugated boxes, they 
not only cut their packaging material costs, but also re
duced damage claims by 50%. Hard knocks don't shatter 
the corrugated boxes as they did the crates. And because 
the corrugating adhesive is based on Koppers Resorcinol, 
it is waterproof; the boxes resist damage from water and 
humid atmosphere. 

If you've been missing the cost savings offered by 
corrugated boxes because you're troubled about possible 
moisture damage in shipping or storage, your problem 
may be solved by corrugated containers made with re
sorcinol-based waterproof adhesives. Moisture cannot 
break down the glue line, weaken the box, nor unfurl the 
corrugated paper. Check the coupon for more informa
tion about resorcinol-based waterproof adhesives. 
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Savings as high as $1 .28 per package ! 

When GENERAL RADIO COMPANY, West Concord, Mass. ,  
redesigned eleven of their electronic and industrial instrument 
packages, they selected DYLITE® expandable polystyrene as 
the packaging material to do the job. The new foamed plastic 
packages molded from DYLITE provide better protection for 
the items, cut unit packaging time in half, in most instances, 
and reduce shipping weight and cube. Each new DYLITE 

package costs less than the package it replaced. Savings are as 
high as $1.28 per package. 

DYLITE expandable polystyrene makes a lightweight, rigid 
foam package that has high shock resistance. DYLITE can be 
molded to almost any size or shape to fit any product. Because 
they look attractive, DYLITE packages frequently double as 
display cases as well as shipping containers for consumer 
products. Check the coupon for information about how 
DYLITE can lower your packaging costs. 
Packages molded by PREFERRED PLASTICS CORP . ,  North G rOS\'eflortiaJe, COlln.  

KO P P E RS 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

P ittsb u rg h  1 9, Pen nsylvania 

Divisions: Chemicals &. Dyestuffs 

Engineer ing &. Construction 

Metal Products • Plastics 

Tar Products • Wood Prese rving 

I oternat ional  

f.'I D Y l I T E ® R E · L...J F R I G E R A T I O N  
P A N E L S  - f a c t o r y ·  
made,  i n s u l ated wa l l s.  

O N O N - C O M ®  F I R E  
PROTECTED WOOD

provides permanent,  b u i lt
i n  fi re protect i o n .  

O R E S O R C I N O L - B A S E D  0 D Y l I T E ® E X -
A D H ES I V ES-for water· PANDABLE POLY-

proof b o n d i n g  of c e l l u l o s i c ,  S T Y  R E N E  - F a a m 
res i n  and p la st ic  mate r i a l s .  p last ic  for packaging.  

Fred C .  Foy 7-2 
Chairman of the B oard 
Koppers Company, Inc.  
Room 1 434A, Koppers Bldg.  
Pittsburgh 1 9, Pa.  

P l ease send me a d d i t i o n a l  
i nformation a b o u t  the Kop
pers  products or  services 
that I have checked.  

Name ____________________________________________ __ 

C ompany __________________________________________ __ 

T i t l e  ____________________________________________ _ 

Street ____________________________________________ _ 

C ity & Zone __________________________ State __________ __ 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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50 AND 100 
YEARS AGO 

MERI£AN 

SEPTEMBER, 1913: "That the para
chute may become a factor as a life
saving device for aviators was dem
onstrated at Ch:1teaufort recently by 
the noted French airman M. Adolphe 
Pegoud. Pegoud's experiment consisted 
of leaping from his monoplane at a 
height of about 900 feet and descending 
slowly and safely to the ground by means 
of a specially constructed parachute, the 
invention of M. Bonnet. Pegoud is the 
aviator who is reported as having recent
ly accomplished the daring feat of fly
ing an aeroplane upside down and again 
righting the machine." 

"In a paper presented before the Bir
mingham meeting of the British Asso
ciation for the Advancement of Science, 
Mr. C. R. Enock maintained that the 
economic problems before the world at 
the present time call for the establish
ment and exercise of a comprehensive 
and constructive science whose aim 
would be to evolve and teach the prin
ciples undet· which economic equilib
rium in the life of communities may be 
attained. It was argued that the real 
science of living on the earth, or 'human 
geography,' the adaptation of natural 
resources and national potentialities to 
the life of the community, has never 
been formulated. The congestion of the 
population in towns, the desertion of the 
countryside, the high cost of living, low 
wages, unemployment and so forth are 
related phenomena, intimately connect
ed with the conservation and develop
ment of natural resources. The axiom 
was advanced that the world is capable 
of supporting all its inhabitants in suffi
ciency, and its failure to do so is due to 
the non-emergence so far of an organiz
ing science whose deliberations would be 
aloof from egoistic or partisan influences. 
It was affirmed that the teaching and 
operation of such a science are necessary 
if social security is to be maintained and 
civilization advanced; and it was sug
gested that to give effect thereto an in
stitution should be established which 
would bear the same relation to the sci-

38 

ence of living as their corresponding 
institutions do to physical, geographical, 
medical and other sciences." 

"At a recent meeting of the old-time 
Telegraphers' Historical Association at 
Mount Clemens, Mich., Thomas A. Edi
son sent a message over the wire to 
President Wilson. The occasion was of 
special interest because Mr. Edison stood 
upon the same site and used the same 
instrument he used 51 years ago when, 
as a boy of 14, he sent his first message 
over the lines of the Grand Trunk Rail
way. Back in the pre-telegraphic days, 
when Edison was only a newspaper boy 
on the railway, he showed his youthful 
enterprise by printing and selling a small 
newspaper containing the news along 
his route. He kept a little font of type 
in the baggage-car and printed the paper 
on the train, so its items were strictly 
up to the minute. It was during this peri
od that a trainman lifted him by the 
ears, which later caused the deafness 
that now blurs his hearing." 

"The St. Petersburg correspondent of 
the Parisian sporting journal Aero tele
graphs to his paper that Igor Sikorsky, 
recently a student at the technical high 
school of St. Petersburg, has built what 
is probably the biggest aeroplane which 
has thus far appeared. Sikorsky's ma
chine is a biplane, the upper surface of 
which is somewhat larger than the lower. 
The span of the biplane is 27 meters and 
its total lifting surface is 130 square 
meters. The aeroplane weighs 3,000 
kilogrammes and has an enormous lifting 
capacity. Besides 10 passengers it is de
signed to carry provisions, fuel for 20 
hours and a miscellaneous load of 800 
kilogrammes. As might be expected, the 
power plant is huge. Four engines, each 
of 100 horse-power and each driving a 
screw propeller, are mounted in the 
machine. The fuselage is of wood and is 
shaped to form an observation cabin, a 
spacious pilot house with glass windows 
for two pilots, a rather large cabin for 
passengers, stores, tools, a corridor and 
finally another cabin in which a couch 
is actually to be found for those who 
wish to sleep." 

SEPTE�'lBER, 1863: "The struggle 
for the possession of Charleston still goes 
on between our forces and the rebels. 
The army, under the able generalship of 

Gillmore, and the iron-clads are each 
endeavoring to subdue the rebellious foe 
and are making encouraging progress. 
In relation to the monitors themselves 
there can be no criticism upon their 
value as impenetrable and serviceable 
ships for war purposes. Day after day 
they engage the heaviest ordnance and 
go into and come out of action with
out material damage; their turrets are 
bruised all over with honorable scars but 
they are still in good order. We hope to 
hear before many days that the way to 
the city of Charleston is open and that 
the grim and sullen-looking little moni
tors have their guns covering it so that 
further resistance will be useless." 

"A noted Eastern artist now on an 
expedition to the Rocky Mountains 
writes of the main buffalo herd of Kan
sas:-'The sight I saw there no money 
could buy from my memory. I always 
thought the Buffalo stories which we 
hear at the East and the pictures which 
we see must be greatly exaggerated. In 
truth they are underdrawn. For two 
miles on the table-land before me, 
and stretching sideways twice as far, 
the earth was overwhelmed with one 
deluge of stampeding buffaloes. It is lit
erally accurate to assert that one could 
not see the ground between them. I could 
think of nothing but a black sea, with 
humps for billows and the thunder of a 
shaking prairie for the music of its surge. 
I raised my field glass and far beyond 
the stampede saw the broad plateaus 
towards the White Rock Creek covered 
with quietly feeding bisons, as thick as 
on the prairie right before me. Flies 
on the head of a leaking molasses barrel, 
ants on a hill, ducks on a Florida lagoon, 
all familiar symbols of multitude, gave 
hopelessly out before the task of repre
senting that herd of buffaloes: " 

"The editor of the Scranton (Pa.) 
Republican says:-'We saw a curious 
embellishment the other day-a five-dol
lar bill on the Pottsville Bank which 
contains in one corner a vignette of 
James Buchanan. Some loyal person had 
bunged his eyes with red ink, drawn a 
gallows above his head from which a 
rope was suspended that went round his 
neck, and then branded his forehead 
with the word "Judas." This is but one of 
hundreds. The bank has had to call in 
all its issues with that portrait on it, so 
unmistakable are the manifestations of 
popular indignation against the man 
who, had he the will or the pluck, might 
have nipped this rebellion in the bud, 
as Jackson did before him:" 
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WHAT IS THE BELL SYSTEM? 

THE Bell System is cables and radio 

relay and laboratories and manufac
turing plants and local operating 

companies and millions of tele
phones in every part of the country. 

The Bell System is people ... hun
dreds of thousands of employees and 
more than two million men and 
women who have invested their sav

ings in the business. 

It is more than that. 

The Bell System is an idea. 

It is an idea that starts with the 

policy of providing you with the best 
possible communications services at 

the lowest possible price. But desire 
is not enough. Bright dreams and 

high hopes need to be brought to 
earth and made to work. 

You could have all the equipment 
and still not have the service you 
know today. 

You could have all the separate 
parts of the Bell System and not have 

the benefits of all those parts fitted 
together in a nationwide whole. 

It's the time-proved combination 
of research, manufacturing and oper
ations in one organization - with 

close teamwork between all three-

that results in good service, low 

cost, and constant improvements in 

the scope and usefulness of your 

telephone. 

No matter whether it is one of the 

many tasks of everyday operation

or the special skills needed to invent 

the transistor, the solar battery, or, 

with Telstar, to pioneer space com

munication - the Bell System has 

the will and the way to get it done. 

And a spirit of courtesy and serv

ice which has come to be a most 

important part of the Bell System 

idea. 

BELL TELEPHONE SYSTEM 

American Telephone & Telegraph Company • Bell Telephone Laboratories • Western Electric Company • New England Telephone & Telegraph 

Company • The Southern New England Telephone Company • New York Telephone Company • New Jersey Bell Telephone Company • The 

Bell Telephone Company of Pennsylvania • The Diamond State Telephone Company • The Chesapeake & Potomac Telephone Companies 

Southern Bell Telephone & Telegraph Company ' The Ohio Bell Telephone Company · The Cincinnati & Suburban Bell Telephone Company 

Michigan Bell Telephone Company · Indiana Bell Telephone Company . Wisconsin Telephone Company · Illinois Bell Telephone Company 

Northwestern Bell Telephone Company • Southwestern Bell Telephone Company . The Mountain States Telephone & Telegraph Com

pany • The Pacific Telephone & Telegraph Company • Bell Telephone Company of Nevada • Pacific Northwest Bell Telephone Company 
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/�����THINK 
�DESK-SIIED 
��OMPUTER 

• • 
• 

• 

• • 
• 

• 
• 

• • 
• •••• 

•• 
•• • • 

Why buy a giant-sized electronic computer? Why pay for computing capability that's far beyond your need-and your 

budget? A desk-sized, general-purpose digital unit from General Precision may meet your requirements nicely-and 

save you money, too. General Precision computers are performance-tested and value-proven in hundreds of applica

tions. They're solving tough problems in engineering departments, scientific laboratories, academic institutions, and 

varied business enterprises across the nation. Call, wire, or write today to learn which computer best fits your operation 

and your budget. Each purchase price and leasing plan includes use of an extensive program library covering most appli

cations. Begin now to think desk-sized! LGP* 21 General-Purpose Computer Low-cost, solid-state, stored-program 

digital computer. Practical for small firms or small departments of large firms. Disc memory: 4096-word capacity. Broad 

input/output flexibility. Plugs into any convenient standard outlet. LGP-30* General

Purpose Computer First-and most widely used-desk-sized, general-purpose 

digital computer. Performance-tested in scores of applications. An ideal student 

training aid. RPC*4000 Electronic Computing System Versatile system consisting 

of completely transistorized RPC 4010 digital computer and RPC 4500 tape-type

writer system. Magnetic drum memory: 8008 words. Can solve problems in engi

neering design, data reduction, statistical analysis, and advanced systems design. 

-Trademark, Genera! Precision, Inc. 
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COMMERCIAL COMPUTER DIVISION 

INFORMATION SYSTEMS GROUP 
101 W. Alameda Ave" Burbank, California 
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Why waste time ... 
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... when it's this easy to find and re-file drawings? ,• If you've ever tried to locate and puII an 

1 .  original drawing for prints, and then re-file 
. it, you know what an annoying waste of 

.. . time it is. Why do it? • Record your draw-
ings on microfilm, mount them in easy-to-handle aperture 
cards. From these cards a Xerox Copyflo® or 1824® Printer 
can produce crisp, clear, work-size prints in seconds on 
ordinary paper, for pennies! Or, make vellums or offset 
masters in the same quick, easy way . •  An aperture card 

can be found, used and re-filed in less than a minute! It's a 
time and money-saving system that makes real sense. Get 
all the facts from the leading specialists in reproduction 
from microfilm. For information write: XEROX CORPORA
TION, Dept. CF, Rochester 3, New York. Branch offices in 
principal U. S. and Canadian 
cities. Overseas: Rank Xerox 
Ltd., London, and Fuji-Xerox 
Co., Ltd., Tokyo. 

XEROX 
CORPORATION 
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ACCUTRON is the only timepiece guaranteed 99.9977% 
accurate on your wrist. It makes the finest watches

even electric watches-obsolete. 

The ACCUTRON timepiece 
keeps time by a revolutionary 
new principle. This miniature 
tuning fork, driven by a tran
sistorized electronic circuit, 
vibrates at a constant 360 

times a second. Result? ACCUTRON is 
the only timepiece that's guaranteed 
99.9977% accurate on your wrist. 

The ACCUTRON timepiece already 
has become the new world standard of 
accuracy. It was purchased by the U.S. 
Air Force for every X-15 pilot. It's 
approved for use by all major railroads. 
And it's the timepiece of leaders in 
science, industry and government. 

See ACCUTRON-the most distinctive 
timepiece you can own, the most unique 
gift you can give. Your choice of many 
distinguished waterproof' and shock-re
sistant styles, from $125 to $2500'. 

For name of nearest ACCUTRON 
dealer and free booklet, write Bulova 
Watch Co., Inc., Dept.SA.630 Fifth Ave
nue, New York 20, New York. Don't you 
owe it to yourself to wear ACCUTRON 
instead of a watch? 

Read the ACCUTRON guarantee of accuracy! 
ACCUTRON is guaranteed by Buloya not to gain or 
lose more than one minute a month in actual daily 
use on your wrist. For one full year from date of 
purchase, the authorized jeweler from whom you 
purchased your ACCUTRON timepiece will adjust 
it to this tolerance, if necessary, without charge. 

ACCUTRON "214" Brilliant stainless 

steel case, raised dial markers. $125· 

ACCUTRON A RESEARCH BREAKTHROUGH BY Bu LOVA 
C1963 Bulova Watch Company. Inc., New York, Toronto. Bienne. Milan. ·All prices plus tax -waterproof when case, crystal and crown are intact. 
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TRAIN OF THOUGHTS 

Transportation has always been the hand

maiden of communications. A new 

co-ordination was achieved with the 

advent of the railway post office. Pioneered 

in Great Britain in the 1830's, it was 

given its first official test in the U. S. in 

August, 1864 on a run between Chicago, 

Ill., and Clinton, Iowa. Sorting the mail 
en route shaved precious hours from 

the delivery time. 

Today's communication must be instan

taneous. REL scatter radio is. Emergent 

countries choose it for convenience and 

economy in telephone and telegraph 

transmission. Vau/ting over 500 -mile 

stretches of terrain, it is not halted by dense 

jungle, trackless desert, the wildest 

waters. That's why REL can help with 

your communications problems however 

mountainous they seem. Why not 

call REL today? 

Radio Engineering Laboratories· Inc 
A subsidiary of DynaJnics Corporation of America 

Long Island City 1, New York 

Creative careers at REL await a few exceptional engineers. 
Address r�sum�s to James W. Kelly. Personnel Director. 

) 

(1\ --

.I 
\ 

. I f.I\�· 
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EACH OF THESE JOBS IS DONE BETTER WITH NATURAL DIAMONDS 

The grinding and finishing jobs shown on these 

pages are being performed on alumina ceramic, 

tungsten carbide, and copper plating. Yet they all 

share one important detail: in every case diamonds 

are doing the job quickly-and economically. 

When you use diamonds, you get the unique 

combination of excellent cutting ability linked with 

fantastic endurance. Result: diamond tools last 

longer than any others. Your people spend more 

time producing, less time changing tools. 

If you cut, sharpen, grind or smooth anything in 
your business, you can probably use natural dia-

monds to advantage. Test them against the method 

you're using now. You'll discovar how efficient

and economical - a  diamond tool can be. 

BEST GRIT FOR METAL-BOND WHEELS 

DEVELOPED BY THE DIAMOND RESEARCH 

LABORATORY IN JOHANNESBURG 

A special impact crushing method for natural dia

monds is producing the strongest and most durable 

grit ever obtained for metal-bond wheels. Your tool 

and wheel manufacturer is ready to help you select 

the diamond tool that's right for your job. 

I NDUSTRIAL DIAMONDS CUT PRACTICALLY EVERYTHING ... ESPECIALLY YOUR PRODUCTION COSTS 

�} INDUSTRIAL DISTRIBUTORS (SALES), LTD., Johannesburg· London 
, World's leading supplier of diamonds for industry 
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Textile Machine Works, Reading, Pa., mounted a vitrified-bond natural 

diamond wheelan a pivot for grinding shapes on carbide-tipped or solid 

carbide cutting teeth of milling cutter. This unique setup makes it 

possible for the wheel to grind complex helical curves with little effort. 
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Copper-plated rollers of cast iron, steel or aluminum 

for gravure printing are smooth-finished in a single 

pass with natural-diamond lathe tool at Southern Gravure 

Service, Louisville, Ky. Surface finish of about 

six micro-inches results. No coolant is required. 

Tungsten-carbide is dry-ground experimentally 

with natural diamond wheel. Vacuum duct 

at left collects particles removed by the grinding 

operation, from which diamond dust can 

be recovered for study or reclamation. Diamond 

reclamation can normally recover about 

7% of the original cost of the grinding wheel. 

Sintered alumina ceramic insulators are ground 

with natural-diamond centerless grinder 

at Royal Worcester Industrial Ceramics, Ltd., 

South Wales, England. The 180-mesh-grit 

wheel has a taper of .003 inch on the first 
3/8 inch to facilitate entry of the 

insulators between diamond wheel (right) 

and fiber guide wheel (left). 

Tolerances of ± .0004 inch are ach ieved. 

Wheel speed: 3000 surface feet per minute. 
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Ant and new computer component at left 
I enlarged five times. Actual size shown here. . 

Eleetronie Bra'Wn 
There are two powerhouses in this picture: the ant and 
that tiny wafer he's toting-RCA's new metal oxide 
semiconductor. Like the ant, this new fundamental 
computer component is a giant for putting out work. 
It makes dynamic circuitry possible for miniaturized 
high-performance computers. 

Another result of advanced EDP engineering is RCA's 
new REALCOM 330 I, the first "all-purpose" com
puter. The 3301 is a super-fast business data processor. 

It is a scientific system. It is a communications processor. 
It is a real-time, on-line, system with priority interrupt 
and fast random access storage. And this new RCA 
3301 is in the medium price range. 

Brawn? Brains? Service? Support? RCA pinpoints your 
exact needs, then matches computer to workload to 
save you money. It's the customer-directed approach 
to EDP. It centers on you. Call us-and see! 

RCA ElECTRONIC DATA PROCESSING, CHERRY HILL, N.J • 

• The Most Trusted Name in Electronics 

© 1963 SCIENTIFIC AMERICAN, INC



They Journeyed into SPACE ... 

Astronaut 
Alan B. Shepard 
Suborbital Flight 

5 May 1961 

Astronaut 
Virgil 1. Grissom 
Suborbital Flight 

21 July 1961 

Astronaut 
John H. Glenn 
Three Orbits 

20 February 1962 

Astronaut 
M. Scott Carpenter 

Three Orbits 
24 May 1962 

Astronaut 
Walter M. Schirra 

Six Orbits 
3 October 1962 

Astronaut 
1. Gordon Cooper 

15-16 May 1963 

22 Orbits 

FREEDOM 
7 

LIBERTY 
BELL 

7 

� �tH�ORA 
v 

• • • and Safely Returned 

in Mercury Spacecraft 

��\!. . '. -0. 
'_. 

�. "",-
Designed and built under the leadership of the 
National Aeronautics and Space Administration by 

FIRST FREE MAN IN SPACE NlCDONNELL 

America's Experience in Manned Space Flight, and Ours, is the Same. 
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How do you help keep a Minuteman on the straight 
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and narrow? Borg-Warner knows how! 
� 1963, S·W Corp. 

One of our surest persuaders for peace 
is the Air Force Minuteman missile. 
Poised in underground silos around 
the country, it can carry a nuclear war
head more than 6,300 miles with 
deadly accuracy. 

Borg-Warner's Pesco Products Divi
sion supplies the hydraulic "muscles" 
for all three stages to steer Minute· 
man straight to the bulls-eye. 

Borg-Warner makes certain these 
"muscles"-intricate pumps and 

space with our astronauts, and stand
ing guard in supersonic jets and giant 
ICBM's. 

We hope Minuteman's hydraulic 

motors that power the missile's guid
ance system-will work every single 
time. Each unit is hand-assembled in 
"clean" rooms where environmental 
control keeps the air more dust-free 
than in a hospital's operating 
room, while holding the temper -

power units may never be called upon 
to help steer to an enemy tar· 
get. But if they are,  B o r g· 
Warner research and engineer· 
ing will make certain they'll get 
the job done. Borg-Warner Cor
poration, 200 South Michigan 
Avenue, Chicago 4, Illinois. 

ature and humidity constant. 
You'll find precision products 

from Borg-Warner also serving 
aboard oursleek new fleet of nu
clear submarines, roaring into 

m!n 
-

BORG W14RNER where research 
_ and engineering 

work wonders for you 
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Technology and Economic Development 

Pres en tin!!,' an lssue 
'-� 

devoted to the problem (�f how lIatiollS can attain 

a state (�f se(/-sllstain£ng f!.,To(\'th, This artie/ e olltl£nes the history 

(�f deve/opnzent and o.! the div£sion of n([tions into "rich" and "poor" 

A 
circumstance nC'w to history 
stretches the tensions of contem
porary world politics. This is the 

widespread awareness of the division of 
nations into two classes: "developed" 
and "underdeveloped" in the parlance 
of the day or, in plainer words, rich and 
poor. The contour lines of international 
economic inequality are easily drawn. 
To the class of the rich belong the na
tions of northwestern Europe and those 
elsewhere in the Temperate Zones that 
were settled and organized bv people 
of the same stock: the U.S., Canada, 
Australia and New Zealand. One non
European nation-Japan-should also be 
counted in the group, and recently an
other European nation, the U.S.S.R., has 
joined it. These nations, constituting less 
than a third of the human population, 
produce and consume more than two
thirds of the world's goods. Their output 
is increasing more rapidlv than their 
population, and they boast rising in
comes per capita. 

Income per capita hardly serves as a 
measure of the position of the nations 
of the poor. The overwhelming majoritv 
of their populations are occupied in sub
sistence agriculture and livc almost en
tirely outside the monetarv systems of 
their meager economies. For what the 
cconomic indices are worth, they show 
that between the poorest 1.5 billion 
people-the bottom half of the human 
population-and the average standard of 
living prevailing in the rich countries 
the disparitv is on the order of one to 
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by .'\sa Brj:.\�s 

10. More signincantly, the indices show 
that the disparity between the two 
classes of nations is widening. 

Poverty is not, of course, a new con
dition in human affairs. Some of the poor 
nations were once world powers and 
were hcld to be rich as well as power
ful. But even though thev have been 
placed at a disadvantage in recent years 
by the unfavorable terms of their rela
tions with the rich nations, the situation 
in which their peoples live is not much 
worse than before. The rich nation is the 
novclty, and the development that makes 
entire nations rich is itself the pivotal 
development of modern history. To un
derstand the increasing economic in
equalitv of nations one mllst look outside 
the boundaries of economic theOl·v. In 
the scarch for the causes, antecedents 
and "prcconditions" of development it is 
necessarv to turn to historv, and the 
bistorian has his choicc of starting points. 

T n the summer of 1454, one year after 
the fall of Constantinople to the Otto

man Turks, Enea Svlvio Piccolomini 
(later Popc Pius II), who has been de
scribcd as one of the best-informed men 
in Europe, wrote gloomilv that he could 
not see "anything good" in prospect. 
Christendom was weak and divided, 
and internal conflicts as well as external 
challenges foretold likelv destruction. 
He did not add, as he might have done, 
that there had also been a downsweep in 
the medieval economy. This was not the 
language of the age. His modest human-

ist hope was that he would he proved 
entirely wrong and that posterity would 
call him a liar rather than a prophet. 

'''Iithin less than .'50 vears Europeans 
had pushed out adventurously far be
yond the confines of Europe around the 
coast of Africa, toward India and South
east Asia and across the Atlantic. All 
Indian historian has described everv
thing that has happened between th�n 
and our own times as the "Vasco da 
Gam;! epoch" in world llistory. The 
search for wealth outside Europe's 
boundaries preceded the full mobiliza
tion of wealth within. Long before our 
own times Adam Smith, writing on the 
eve of the great industrial changes that 
transformed both societv and men's wavs 
of thinking about it, declared that tilC 
discover\' of America and of a passage 
to the East Indics via the Cape of Good 
Hope were the twu most important 
events in the historv of mankind. 

'''Iithin less than 100 vears after 1454 
the great movements ;)f thought and 
feeling to which historians long ago at
tached the labels of "Henaissance" and 
"Reformation" hac! further extended 
and disturbed thc horizons of many Eu-

OEVELOPMENT IN NIGERIA is exem· 

plified by the ('onstl'lH·tion of a bridge a('roSS 

the Nigel' River, the (irst piers of whieh are 

seen in the aerial photograph on the op

posite page. The bridge, at Onitsha, win 

}!;reatly improve eommnniealion between 

Nigeria\ Eastern and Western regions. 
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CHILD APPRENTICE is instructed in the workings of the spin. 

ning machine she will tend. This early industrial photograph was 
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made in a U.S. textile mill. Child labor was an important source 

of the human capital invested in 19th·century industrialization. 
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ropeans. It is just as easy for 20th-cen
tury writers to place the beginnings of 
"modern times" in 15th- and 16th-cen
tury breaks with tradition as it was for 
Adam Smith. Those breaks now figure, 
however, less as spectacular events than 
as phases of processes, "preconditions" 
of what was to happen later. The inven
tion of the steam engine or the French 
Revolution, the one carrying with it a 
universal technology, the other a uni
versal ideology, mav todav look like 
even bigger breaks. It is part of the task 
of the historian to scrutinize old labels 
carefully, to qualify large-scale gener
alizations and to expose contradictory 
tendencies. Much that seems "modern" 
has origins more remote than the 18th 
century. Much that was old in the 15th 
and 16th centuries has survived on a 
massive scale. 

The least modern element in the first 
predatory phases of discoverv was that 
the underdeveloped countries of today 
then seemed to be the great centers of 
wealth: the "gorgeous East" and the 
South American El Dorado. The 17th
century English writer Thomas Mun, 
exaggerating and oversimplifying, main
tained that the world commerce of his 
day consisted in the exchange of the 
mineral wealth of the new Indies in the 
West for the luxuries and refinements of 
the old Indies in the East. Francis Bacon 
referred to South America as "the mon
ey-breeder of Europe." 

Between the beginnings of the age of 
world commerce, when new re

sources and markets were opened up, 
and the great industrial changes of the 
18th and 19th centuries, when new 

methods of production were introduced, 
the wealth of nations was determined 
in large part by the struggle for empire 
and power. That struggle, which led to 
the eclipse of Spain and Portugal, the 
rise of the Netherlands and the protract
ed contest between England and France, 
was world-wide in scale. American in
dependence was one aspect of it. Con
currently, within Europe, no less signifi
cant but less dramatic changes in eco
nomic life were under way, later to cul
minate in industrial revolutions and the 
postindustrial division of nations into 
developed and underdeveloped. 

By the early 18th century there were 
present in parts of Europe many of those 
economic and social ingredients whose 
absence is taken today as a sign or a 
cause of "backwardness." Among them 
were transport and credit facilities, 
many deriving from international trade; 
supplies of relatively skilled labor, some 

of it employed in industries with scat
tered and potentially expanding markets, 
and-not least-well-trained acquisitive 
attitudes, congenial to both enterprise 
and capital accumulation. R. H. Tawney 
is not the only historian of capitalism 
to go back for his basic evidence not 
to the age of industrialism but to the 
shifts of values in the three centuries 
that preceded it. 

It was during the last of these cen
turies that the "scientific revolution" 
created new climates of opinion. "The 
stream of English scientific thought, is
suing from the teaching of Francis Bacon 
and enlarged by the genius of Boyle 
and Newton," T. S. Ashton has written, 
"was one of the main tributaries of the 
industrial revolution." The statement 
cannot be disputed, even though many 
of the first inventors who transformed 
ways of production were men of little 
science. Practical and empirical, thev 
were more interested in solving an im
mediate problem than in speculating 
about nature. The technical ascendancy 
of science belongs to the 19th century, 
not the 18th. 

Britain was the center of the first 
industrial revolution. Throughout the 
first decades of the 19th century more 
than half of the world's industrial out
put was concentrated in an island with 
only about 2 per cent of the world's 
population. The British industrial rev
olution, the first in a sequence, became 
a classic model, even if it was a mislead
ing model. From it Karl Marx deduced 
that "the industrially more developed 
country presents to the less developed 
country a picture of the latter's future." 
The forecast, involving as it did both 
the premise of economic growth and the 
threat of social conflict, contrasts sharply 
with Adam Smith's preindustrial fore
cast of a "stationary state" in which the 
existing methods of production would 
have been "improved" as far as they 
could possibly be improved and eco
nomic growth would have ceased. 

The "causes" of the British industrial 
. revolution, therefore, have more than 

local interest. Historians are still arguing 
about the weighting of the various fac
tors that contributed to the upsurge of 
growth, particularly in the 1780's. What 
seems clear is that, in addition to the 
cumulative build-up of economic power 
on the high seas and overseas and the 
social development of a community that 
encouraged innovation and thrift, there 
were urgent challenges that had to be 
overcome before there could be an im
mense spurt in invention, investment, 

production and trade. The slowing down 
of a previous rate of agricultural expan
sion and the peculiar exigencies of un
precedented population growth mav 
explain difficult questions relating to 
timing. There are also long-term techni
cal questions, however, in relation to the 
exploitation of iron and the development 
of steam power. It has even been argued 
that Britain had to leap ahead if it was 
not to lumber back. 

Businessmen of the time often gave 
simple answers. "We want as many 
spotted Muslins and fancy Muslins as 
you can make," a Northern cotton spin
ner was informed by his London agents 
in 1786. "You have many competitors, 
we hear, coming forward ... . You must 
give a look to Invention. Industry you 
have in abundance . .. .  We expect to hear 
from you as soon as possible, and as the 
Sun shines let us make the Hay." There 
were no ways to increase output to meet 
rising demand without new processes 
and new forms of organization. As a 
knowledgeable Manchester man put it in 
1783: "No exertion of the manufacturers 
or workmen could have answered the 
demands of trade without the introduc
tion of spinning jennies." 

Thus at the very time American in
dependence was ratified Britain was 
finding new sources of economic strength. 
Between 178 1 and 1800 the imports of 
raw cotton quintupled, pig iron produc
tion quadrupled, foreign trade (whether 
measured in shipping tonnage cleared 
from the ports or in export and import 
values) nearly tripled and total indus
trial production doubled. 

A contemporary writer with a preco
cious statistical sense drew rhetorical 
conclusions. "An era has arrived in the 
affairs of the British Empire," wrote 
Patrick Colquhoun in 18 14, just before 
the last of the great wars between Britain 
and France came to an end, "when re
sources have been discovered which 
have excited the wonder, the astonish
ment and perhaps the envy of the civil
ized world." He moved from rhetoric to 
social generalization. "It is with nations 
as it is with individuals who are in train 
of acquiring property. At first, progress 
is slow until a certain amount is obtained, 
after which, as wealth has a creative 
power under skillful and judicious man
agement, the accumulation becomes 
more and more rapid, increasing often 
beyond a geometrical ratio, expanding 
in all directions, diffusing its influence 
wherever talents and industry prevail, 
and thereby extending the resources by 
which riches are obtained by communi
cating the power of acquiring it to thou-
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A 

STEAM ENGINE as modified by James Watt was the basic source of power for the British 

industrial revolution. In this drawing prepared by Watt for a 1769 patent specification the 

,·ylinder is at right and the separate condenser, one of his important contributions, is at the 

bottom. The downstroke of the piston exerted a downward force 011 the rocker arm (top). 

sands who have remained without wealth 
in countries less opulent." 

The term "industrial revolution" seems 
to have been invented by a French econ
omist, Jerome Adolphe B1anyui, in 1827. 
Before this, however, James Watt and 
Richard Arkwright had already been 
compared with Mirabeau and Robes
pierre, and smoke with propaganda. 
Something more had happened than 
mere acceleration of existing economic 
trends. Man's position had changed in 
relation to nature. Poets and prophets 
were as fascinated by steam power as 
millowners and ironmasters. Erasmus 
Darwin, the grandfather of Charles, 
wrote in 1792: 

Soon shall thy arm, UNCONQUER'D 
STEAM, afar 

D rag the slow barge, or drive 
the rapid car; 
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Or on lcide- u;aving wings expanded 
bear 

The flying chariot through the fields 
of air. 

Fair crews triumphant, leaning 
from above 

Shall wace their fluttering kerchiefs 
as they move; 

Or warrior bands alarm the gaping 
crowd, 

And armies shrink heneath the slwdolCY 
cloud. 

In the first flash of enthusiasm there 
was immense imaginative appeal in 
technical discovery, just as there had 
been in the discovery of America. It was 
the recognition that nature could be 
tamed and the environment controlled 
that distinguished the industrial revolu
tions of the 18th and 19th centuries 
from the only comparable revolution in 

human productivity, that of the neolithic 
world, when settled agriculture took the 
place of hunting and food-gathering 
and a new division of labor transformed 
social and cultural processes. 

The extent of the change can be meas
ured not only in statistics of material 
progress but also in 19th-century social 
comment from Jean Charles Sismondi 
and Claude Henri Saint-Simon to John 
Stuart Mill and Marx. Saint-Simon want
ed to change the words of the Marseil
laise from "enfants de la patrie" to 
"enfal1ts de l'industrie." Politics for him 
was "the science of production." In 1848, 
the year of revolution, Mill wrote: "All 
the nations which we are accustomed to 
call civilized, increase gradually in pro
duction and in population; and there is 
no reason to doubt that not only these 
nations will for some time continue so 
to increase but that most of the other 
nations of the world, including some not 
yet founded, will successively enter 
upon the same career." 

Only the word "gradually" is mis
leading. Industrialism was to establish 
itself in sharp bursts, and once estab
lished it was to develop unevenly 
through boom and slump. It was also to 
create new social conflicts. Later writers 
emphasized, as the elder Arnold Toyn
bee did in his pioneer study of the 
1880's, Lectures on the Industrial Revo
lution of the 18th Century in England, 
the social consequence of steam power
its effects on men's relations not with 
nature but with one another. 

Not only were owners of capital often 
pitted against owners of land-town 
versus country, competition versus mo
nopoly, progress versus tradition were 
some of the battle cries-but also there 
was a new division between "capital" 
and "labor." It was to this division that 
Marx turned his attention, maintaining 
that in the very processes of industrial 
expansion "classes" were being formed 
that were inexorably antagonistic. The 
rich would become richer and the poor 
poorer. Unlike traditionalist writers who 
bemoaned the decay of an old social 
order, Marx welcomed the transforma
tion and the social revolution he thought 
it would ultimately entail. The melan
choly conservative reaction was well 
expressed by Henri Frederic Amiel in 
1851: "The statistician will register a 
growing progress and the novelist a 

gradual decline . . . .  The useful will take 
the place of the beautiful, industry of art, 
political economy of religion, and arith
metic of poetry." 

These contrasting pictures of the fu
ture were painted at a time when Europe 
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was still primarily an agricultural con
tinent with no more than patches of 
industry. Even these patches were fre
quently to be found among forests and 
beside streams rather than in concen
trated industrial areas. Marx and the 
early British socialists before him might 
talk of a "working class," but in Europe 
craftsmen far outnumbered factory 
workers and even in Britain there were 
far more domestic servants than textile 
workers. When the Great Exhibition of 
185 1 was held in the specially built 
Crystal Palace to illustrate "the progress 
of mankind," there was no doubt that 

Britain was a workshop of the world. 

During the early stages of industrial-
ization the two master commodities 

were coal and iron. They took the place 
of wood, wind and water at the center of 
the new technology. The two materials 
were associated both geographically and 
economically; their close geographical 
proximity often created "black coun
try." Their economic interdependence 
was expressed most strikingly in the 
great symbol of early industrialization: 
the steam locomotive puffing its way 
over "iron roads." It is not surprising 

that contemporaries saw the building of 
railroads as the beginning of a new 
world. "We who lived before railways," 
wrote William Makepeace Thackeray, 
"and survive out of the ancient world, 
are like Father Noah and his family out 
of the Ark. The children will gather 
round and say to us patriarchs, 'Tell us, 
grandpa, about the old world.' " 

Others saw railroads as sinews of the 
economy and vitalizing influences on 
society. Heinrich von Treitschke, the 
ideologue of German nationalism, be
lieved that railways "dragged the Ger
man nation from its stagnation." Count 

INDUSTRIAL LANDSCAPE photographed in the Midlands of 

England about 1855 shows a mine with two shaft hoists and (cen-
ter) a steam-driven water pump. In the foreground is a steam loco

motive pulling a string of flatcars carrying loaded mine carts. 
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Sergei Yulievich \Vitte, the Russian en
gineer and exponent of industrialization, 
set out to make railroads the foundation 
of a new economy in Russia in the 
1890's; economic historians have been 
unanimous in pointing to Russian rail
road building as "the fulcrum round 
which the industrial level of the countrv 
was being rapidlv lifted" during that 
decade. 

The identification of industrialization 
with "carboniferous capitalism," which 
lVas si1nply one phase of industrializa
tion, has had lasting results. Along with 
a lVaste of economic resources there lVas 
a marked deterioration in the human en
vironment in the new industrial areas. 
At the very time that science lVas sug
gesting that "fate" lVas really amenable 
to social control, a new framework of 
social necessity was being constructed. 
The mill chimney and the slag heap 
dominated the horizon and set the scene 
for the social conflicts that also came to 
be identified with capitalism-conflicts 
centering not only on wages but also on 
status and authority, the length of the 
working dav and the right to security. 

\V hatever the technology that acti-
vates industrial revolutions, the dis

turbancc of old traditions and institu
tions and the imposition of unfamiliar 
rhythms of work and leisure are bound 
to bring social upheavals. But the coal
anti-iron technology of the first industrial 
revolutions accentuated all the human 
difficulties. It is not surprising that in 
19th-century Britain aesthetic and social 
protest converged in the writings of John 
Buskin and VVilliam Morris. The same 
tradition of protest continued to exert a 
powerful influence, however, even after 
iron had given way to steel as a master 
material and electricity had provided a 
new source of power. 

In this next age of technology Britain 
pioneered new schemes of social welfare 
but failed to hold its own economically. 
It was not onlv that other nations pos
sessed greater physical resources they 
could develop at lower cost; there was 
also a withering of enterprise in Britain. 
The rate of expansion slowed and British 
industry failed to participate fullv in the 
new developmcnts in steel-even though 
some of the basic inventions were 
British-in machine tools, electrical en
gineering and chemicals. 

Germany and the U.S. were the coun
tries that took the lead in these industries 
of the future. By 1886 the U.S. had re
placed Britain as the world's largest 
steel producer; Germanv too was ahead 
by 1900. In machine tools tIle U.S. set 
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a new pattern of standardization, the 
precondition of mass production. In the 
building of its electrical and chemical 
industries Germany, with the most ad
vanced European svstem of scientific and 
technological education, became a "new 
model" of industrialization. Output of 
sulfuric acid and alkalies rose eight times 
betwecn 1870 and 1900; that of dve
stuffs, in which Germanv held a near 
monopoly, rose four times during the 
same period. 

In both the U.S. and Germanv the big 
industrial concern came to dominate 
manufacturing industrv. The resulting 
conccntration of economic power con
tl'asted sharplv with the diffusion of 
economic power during the earlv stages 
of the British industrial revolution. 
There was talk in the U.S. of "titans" 
and in Germanv of "industrial Bis
marcks." Many of the grcat corporations 
of the 20th century had their origins in 
the last decade of the ] 9th. 

This was not the onlv difference he
tween the British industrial revolution 
and the industrial revolutions that fol
lowed. In Britain little reliance had been 
placed on the state; everything had de
pended on a partnership of inventors 
and businessmen. The theorv of the 
revolution-if there was a theorv-was 
sclf-help in the industrial sphere and 
free trade between nations. In Germanv 
the power of the state was harnessed to 
assist industrialization. In the U.S. the 
emerging industrial power enlisted the 
benevolent patronage of the Federal and 
state governments in the allocation of 
the continent's rich resources and the 
maintenance of a social and political 
climate congenial to its growth. 

There was a traditional sanction for 
the German reliance on the state, but 
it was given eloquent new expression in 
the late 19th century. As Gustav Schmol
IeI', an influential professor of economics, 
put it in 1884: "It was clem'lv those gov
ernments which understood best how to 
placc the might of their Beets and the 
apparatus of their customs and naviga
tion laws at the service of the economic 
interests of the nation with speed, bold
ness and clear purpose which therebv 
obtained the lead in the struggle an�l 
the riches of industrial prosperi tv." At 
the same time the riches of prosper
ity added to the power of the state. 
The newly unified German state grew 
stronger as the industrial economy 
grew stronger. Dependence on tariffs, 
the direct intervention by bankers in the 
structure and control of industry and 
the encouragement by the courts and the 
government of cartels and large-scale 

industrial organizations were all parts of 
the pattern. 

1,he idea of using political power to 
- hasten industrialization has become 

a commonplace in the 20th century. 
Protests against industrialism have been 
less vociferous than demands for more 
industrialization. Not only has national
ism come to be closelv associated with 
industrial strength and economic inde
pendence, but also socialism, which be
gan with industrial discontent, has dwelt 
increasingly on economic "planning." 
\Vhereas in 19th-century Britain trans
fers of political power followed indus
trialization as railroads followed factories 
and furnaces, in many 20th-centurv 
countries the existence of a "progressive" 
and "dvnamic" directing political power 
has come to be considered a precondition 
to industrialization, much as Witte held 
railroads to be. Economic and social his
torians have spoken increasingly of in
novating elites instead of entrepreneurs, 
the protagonists of classical economics. 
The more backward the economy, thev 
argue, the more directly the state has 
Ilad to intervene in the encouragement of 
industrialization, the greater has heen 
the pressure for large-scale plant and 
the most up-to-date technology, and the 
more necessary has it been to proclaim 
a gospel of industrialism. In the "neo
classic" industrial revolutions the incen
tive to "get rich quick" has seldom 
proved a sufficient motive; "develop
ment" has had to be advocated in more 
general terms. 

Even hefore 1914, when industrializa
tion was widening the income gap 
between the countries now classified 
as "developed" and "underdeveloped," 
Japan had joined Germany and the U.S. 
as a new center of industrial revolution. 
In Japan, as in Germany, economic and 
political processes ran together in close 
harness. As a result of political and social 
revolutions in the 1860's Japan was able 
to break with enough of its tradition to 
carry out a deliberate industrial revolu
tion. Samurai bureaucrats embarked on 
a sweeping "westernization," although 
they took care not to destroy existing so
cial structures. The state itself initiated 
strategic enterprises, facilitated the bor
rowing of advanced technology from 
abroad and pursued a fiscal policy that 
encouraged the businessman and fixed 
the burden of forced savings on the 
fanner. 

Between 1907 and 19 14 Japan 
achieved an annual growth rate of more 
than 8 per cent. "By 19 14," wrote Wil
liam W. Lockwood, the historian of 
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IRON AND STEEL PRODUCTION, charted here, tell the story of 

industrialization. In the era of iron (colored part of chart) Britain 

led the world. When steel technology supplanted iron, the U.S. and 

Germany began to move ahead. Over the years other nations de· 

veloped substantial steel industries, some (notably Communist 

China) only in the past decade. The logarithmic scale makes it pos· 

sible to compare rates of growth in production in different coun· 

tries: parallel segments of the curves show growth at similar rates. 
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LESS T H A N  $100 
Ic=J $100-$199 
[:=J $200-$299 
c=:J $300-$699 

UNDERDEVELOPED COUNTRIES are grollped here according 

to their average per capita incomes for 1957-1959, based on avail. 

able UN statistics and some estimates. Income, commonly accepted 

as a rough gauge of development, does not tell the whole story : 

Japan's spectacular development, "Japa
nese industrial capitalism was still weak 
and rudimentary by comparison with 
the advanced economies of the West. 
But it had now emerged from its forma
tive stage." During and after World War 
I it was to profit from its industrial lead 
in Asia as Britain had profited from its 
lead in Europe 150 years before. It was 
also to be in the vanguard of the third 
generation of industrial technology 
based on plastics, new metals and elec
tronics. 

Russia, which also increased its in
dustrial output by 8 per cent per year 
during its great forward leap of the 
1890's, relied on somewhat similar de
vices, notably fiscal pressure on the 
peasants and the acquisition of tech
nology from abroad. After the revolu
tion of 1917 and the economic vicissi
tudes leading up to the promulgation of 
the first and second Five Year Plans, 
there evolved a militant ideology of in
dustrializatio�. In the 18th century Brit-
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ain and France had offered different, 
if complementary, revolutions to the 
world; the first was economic, the sec
ond political. The U.S. S. R. sought to 
offer both in one package. The ideology 
of industrial change would appeal to 
"poor nations,"  it was felt, at least as 
strongly as socialist ideology had ap
pealed to poor individuals or classes in 
the stormy years of iron and coal indus
trialization. Speed and scale were both 
emphasized. So too was sacrifice-the 
deliberate concentration on heavy indus
try and capital investment and the forci
ble limitation of consumption. 

This model, reinforced as it has been 
with the factual evidence of an ex

ceptionally high growth rate, has prob
ably had more appeal than the ideology 
of communism itself. The appeal has 
influenced quite different kinds of so
ciety, although the universal applicabil
ity of the model is just as much open to 
<luestion as the universal applicability 

of the British model was open to ques
tion in the 19th century. M ore recently 
economists have directed increasing at
tention to the place in economic growth 
not of heavy industry but of agriculture. 
They have also stressed the subtleties 
of development. Industrial revolutions 
require more than political enthusiasm. 
"Economic development is a process, " 
John K. Galbraith, then U. S. Ambassa
dor to India, told an Indian audience in 
196 1, "that extends in range from new 
nations of Africa only slightly removed 
from their tribal structure to the elabo
rate economic and social apparatus of 
Western nations. At each stage along this 
continuum there is an appropriate policy 
for further advance. What is appropriate 
at one stage is wrong at another. " 

In the changing context of argument 
and action the industrial experience of 
the richest industrial country in the 
world-the U. S.-has general relevance. 
Industrialization in the U. S. proceeded 
in a number of clearly defined spurts : 
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Japan, for example, is considered developed 

although its per capita income is not high. 

the first between 1837, a year of de
pression, and the Civil War; the second 
in the decade and a half following the 
end of the war; and the third in the 
1890's. Although there was a marked 
trend in each of these three periods to 
increase the relative share in production 
of producers' goods, equipment and ma
chines, emphasis in the 20th century has 
been increasingly placed on the great 
expansion of consumers' goods. The 
U.S., with its huge domestic market, has 
used the new technology to transform 
not only the standard of life of all its 
inhabitants but also their whole pattern 
of daily living. The consumer was delib
erately placed at the center of the indus
trial complex. The resulting dazzle of 
affluence contrasts sharply with the grim 
facts of poverty in underdeveloped coun
tries and with the compelling "puritan" 
philosophy of sacrifice based on invest
ment for investment's sake. 

Beyond doubt the problems centering 
on development and underdevelopment 

furnish the principal preoccupation of 
contemporary political, economic and 
social theory. Before World War I it 
was almost taken for granted that there 
was a natural division in the world be
tween manufacturing countries and pri
mary producing countries-the black and 
the green. This assumption did not sup
pose either that relative power within 
the group of manufacturing countries 
was fixed for all time or that the gap 
between the rich countries and the poor 
countries was destined to go on widen
ing forever. Yet it did close minds to a 
number of problems that are now felt 
to be fascinating as well as important. 

W ithin the developed countries the 
facts of inequality between societies 

have lately begun to shock. The body of 
world statistics, gathered for the first 
time by the technical agencies of the 
League of Nations and now powerfully 
amplified by the international civil serv
ice of the United Nations, has exposed 
not only inequality but also the ugly 
mechanism of the "Malthusian trap" in 
which two-thirds of mankind is im
prisoned. Kingsley Davis shows in the 
next article in this issue of Scientific 
American [ "Population," page 62] how 
the 20 or so developed nations ha ve made 
their escape and prays that increase in 
the rate of production may exceed the 
rate of population growth elsewhere 
and make it possible for other nations 
to follow. As for food, water, energy and 
minerals, the authors find that supply is 
a function of the dynamic international 
variable: technology. 

Yet although technology is interna
tional, political facts and attitudes re
main stubbornly national. The spell of 
nationalism is strongest in the ex-colonies 
of "developed" nations with empires. 
Political independence, it is felt, must be 
ratified by economic liberation. Any eco
nomic gains colonies may have secured 
through their place in the decaying em
pires are brushed aside, and the com
plicity of the rich in the poverty of the 
poor nations supplies the negative mold 
that shapes the plans of development. 
It is the "distortions" of colonialism that 
count, not its untapping of world re
sources. As Wassily Leontief shows in his 
article [ "The Structure of Development," 
page 148 ],  the underdeveloped econo
mies often present a "mirror image" of 
the developed. Nigeria, for example, ex
ports a few "single crop" products of 
plantation agriculture and imports the 
diversity of goods produced by the ad
vanced industrial economies. Other un
derdeveloped countries are engaged in 

shipping out their "lifeblood" in the 
form of irreplaceable mineral resources. 
Each of these countries in turn, ex
colony or not, now seeks to import the 
technology necessary to the building of 
an indigenous, diversified, self-sustain
ing industrial economy. 

Yet in spite of all the brave planning 
and even the beginnings of industrializa
tion in countries such as India, the in
equalities between nations are increas
ing. More than 90 per cent of the world's 
industrial output is still concentrated in 
areas inhabited by people of European 
origin. Even if underdeveloped countries 
were to increase their average incomes 
10 times faster than the economically 
advanced countries, the gap would still 
widen. Given both population pressure 
and political pressure, is it possible 
to live peaceably in a world where such 
inequalities are being aggravated rather 
than attenuated and where dreams of 
development are sometimes frustrated? 

Development is intimately bound up 
with 20th-century shifts in power and 
conflicts of power, with mainland China 
now taking the stage as well as the 
U.S.S.R. The dynamic forces of indus
trialization are as much an element in 
contemporary international politics as 
the quest for gold and spices was in the 
era of mercantile expansion. The coun
tries of the Temperate Zones once turned 
to the Tropics for riches. Now the 
Tropics-Brazil, for example, whose gold 
found its way through Portugal and 
Spain to finance the industrial revolution 
of Britain-turn to the temperate coun
tries for know-how that cannot be trans
ported in ships or by formula. 

Whether, as Abba Eban of Israel has 
proposed, the "new nations do not have 
to tread long and tormented paths . . . 
and can skip the turbulent phases through 
which Western industrial revolutions 
had to pass," depends in decisive part on 
the politics and social disposition of the 
developed nations. As Edward S. Mason 
shows in the concluding article of this 
issue [ "The Planning of Development," 
page 235],  the West is called on not only 
for "aid" but also for tolerance of the 
new modes in which the developing 
nations will assert their liberation from 
poverty. Attitudes deriving from inequal
ity can help or hinder such tolerance. 
Consciences can be stirred, but there 
are also built-in feelings of "inferiority" 
and "superiority." In balance, a 20th
century Piccolomini might see some 
good in prospect, provided, that is, that 
we have imaginations powerful enough 
to bridge the gulf between the different 
worlds of our own making. 
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POPULATION 

At the current growth rate the world's population -would multiply 

sixfold in a century. Recent history suggests, however, that the 

rate ,viII be cut by people actIng In their own private interest 

J
ust as the nation-state is a modern 

phenomenon, so is the explosive in
crease of the human population. For 

hundreds of millenniums Homo sapiens 
was a sparsely distributed animal. As 
long as this held true man could enjoy 
a low mortality in comparison to other 
species and could thus breed slowly in 
relation to his size. Under primitive con
ditions, however, crowding tended to 
raise the death rates from famine, disease 
and warfare. Yet man's fellow mammals 
even then might well have voted him the 
animal most likely to succeed. He had 
certain traits that portended future 
dominance : a wide global dispersion, a 
tolerance for a large variety of foods 
( assisted by his early adoption of cook
ing) and a reliance on group co-oper
ation and socially transmitted tech
niques. It was only a matter of time 
before he and his kind would learn how 
to live together in communities without 
paying the penalty of high death rates. 

Man remained sparsely distributed 
during the neolithic revolution, in spite 
of such advances as the domestication of 
plants and animals and the invention of 
textiles and pottery. Epidemics and pil
lage still held him back, and new kinds 
of man-made disasters arose from ero
sion, flooding and crop failure. Indeed, 
the rate of growth of the world popula
tion remained low right up to the 16th 
and 17th centuries. 

Then came a spectacular (luickening 
of the earth's human increase. Between 

MEXICO CITY, a part of which is shown 

in the vertical  aerial photograph o n  the 

opposite pa ge, displays the rapid population 

growth and the urbanization that character· 

ize much of the world today. In 1940 the 

pop ulation of the metropolitan area of the 

city was 1,758,000, in  1950 it reached 3,050,000 

and by 1960 it had jumped to 4,830,000. 

by Kingsley Davis 

1650 and 1850 the annual rate of in
crease doubled, and by the 1920's it had 
doubled again. After World War II, in 
the decade from 1950 to 1960, it took 
another big jump [see middle illustration 
on page 66]. The human population is 
now growing at a rate that is impossible 
to sustain for more than a moment of 
geologic time. 

Since 1940 the world population has 
grown from about 2.5 billion to 3.2 bil
lion. This increase, within 23 years, is 
more than the total estimated popula
tion of the earth in 1800. If the human 
population were to continue to grow at 
the rate of the past decade, within 100 
years it would be multiplied sixfold. 

Projections indicate that in the next 
four decades the growth will be even 
more rapid. The United Nations' "me
cHum" projections give a rate during the 
closing decades of this century high 
enough, if continued, to multiply the 
world population sevenfold in 100 years. 
These projections are based on the as
sumption that the changes in mortality 
and fertility in regions in various stages 
of development will be roughly like those 
of the recent past. They do not, of course, 
forecast the actual population, which 
may turn out to be a billion or two great
er than that projected for the year 2000 
or to be virtually nil. So far the UN 
projections, like most others in recent 
decades, are proving conservative. In 
1960 the world population was 75 mil
lion greater than the figure given by the 
UN's "high" projection (published in 
1958 and based on data up to 1955). 

In order to understand why the revo
lutionary rise of world population has 
occurred, we cannot confine ourselves 
to the global trend, because this trend 
is a summation of what is happening in 
regions that are at any one time quite 
djfferent with respect to their stage of 
development. For instance, the first step 

in the demographic evolution of modern 
nations-a decline in the death rate-be
gan in northwestern Europe long before 
it started elsewhere. As a result, although 
population growth is now slower in this 
area than in the rest of the world, it was 
here that the unprecedented upsurge in 
human numbers began. Being most ad
vanced in demographic development, 
northwestern Europe is a good place to 
start in our analysis of modern popula
tion dynamics. 

I n the late medieval period the average 
life expectancy in England, accord

ing to life tables compiled by the his
torian J. C. Russell, was about 27 years. 
At the end of the 17th century and dur
ing most of the 18th it was about 31 in 
England, France and Sweden, and in the 
first half of the 19th century it advanced 
to 41. 

The old but reliable vital statistics 
from Denmark, Norway and Sweden 
show that the death rate declined er
ratically up to 1790, then steadily and 
more rapidly. Meanwhile the birth rate 
remained remarkably stable ( until the 
latter part of the 19th century). The 
result was a marked increase in the ex
cess of births over deaths, or what 
demographers call "natural increase" 
[see illustration on page 68]. In the 
century from about 1815 until World 
War I the average annual increase in 
the three Scandinavian countries was 
H.8 per 1,000-nearly five times what 
it had been in the middle of the 18th 
century, and sufficient to triple the popu
lation in 100 years. 

For a long time the population of 
northwestern Europe showed little re
action to this rapid natural increase. 
But when it came, the reaction was 
emphatic; a wide variety of responses 
occurred, all of which tended to reduce 
the growth of the population. For ex-
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ample, in the latter part of the 19th 
century people began to emigrate from 
Europe by the millions, mainly to Amer
ica, Australia and South Africa. Between 
1846 and 1932 an estimated 27 millio;l 
people emigrated overseas from Europe's 
10 most advanced countries. The three 
Scandinavian countries alone sent out 
2.4 million, so that in 1915 their com
bined population was 11.1 million in
stead of the 14.2 million it would other
wise have been. 

In addition to this unprecedented 
exodus there were other responses, all 
of which tended to reduce the birth rate. 
In spite of opposition from church and 
state, agitation for birth control began 
and induced abortions became common. 
The age at marriage rose. Childlessness 
became frelluent. The result was a de
cline in the birth rate that eventually 
overtook the continuing decline in the 
death rate. By the 1930's most of the 
industrial European countries had age
specific fertility rates so low that, if the 
rates had continued at that level, the 
population would eventually have 
ceased to replace itself. 

I n explaining this vigorous reaction one 
gets little help from two popular 

cliches. One of these-that population 
growth is good for business-would hard
ly explain why Europeans were so bent 
on stopping population growth. The 
other-that numerical limitation comes 
from the threat of poverty because 
"population always presses on the means 
of subsistence" -is factually untrue. In 
every one of the industrializing countries 
of Europe economic growth outpaced 
population growth. In the United King
dom, for example, the real per capita in
come increased 2.3 times between the 
periods 1855-1859 and 1910-1914. In 
Denmark from 1770 to 1914 the rise of 
the net domestic product in constant 
prices was two and a half times the natu
ral increase rate ; in Norway and Sweden 
from the 1860's to 1914 it was respec
tively 1.4 and 2.7 times the natural in
crease rate. Clearly the strenuous efforts 
to lessen population growth were due to 
some stimulus other than poverty. 

The stimulus, in my view, arose from 
the clash between new opportunities on 
the one hand and larger families on the 
other. The modernizing society of north
western Europe necessarily offered new 
opportunities to people of all classes: 
new ways of gaining wealth, new means 
of rising socially, new symbols of status. 
In order to take advantage of those op
portunities, however, the individual and 
his children reyuired education, special 
skills, capital and mobility-none of 
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which was facilitated by an improvident 
marriage or a large family. Yet because 
mortality was being reduced (and re
duced more successfully in the childhood 
than in the adult ages) the size of fami
lies had become potentiall�' larger than 
before. In Sweden, for instance, the mor
tality of the period 1755-1775 allowed 
only 6.1 out of every 10 children born 
to reach the age of 10, whereas the mor
tality of 1901-1910 allo\\"ed 8.5 to sur
vive to that age. In order to avoid thc 
threat of a large famil�! to his own and 
his children's socioeconomic position, the 
individual tended to postpone or avoid 
marriage and to limit reproduction with
in marriage by every means available. 
Urban residents had to contend particu
larly with the cost and inconvenience of 
young children in the city. Rural fami
lies had to adjust to the lack of enough 
land to provide for new marriages when 
the children reached marriageable age. 
Land had become less available not only 
because of the plethora of families with 
numerous youths but also because, with 
modernization, more capital was need
ed per farm and because the old folks, 
living longer, held on to the property. As 
a result farm youths postponed mar
riage, flocked to the cities or went over
seas. 

In such terms we can account for the 
paradox that, as the progressive Euro
peall nations became richer, their popu
lation growth slowed down. The process 
of economic development itself provided 
the motives for curtailment of reproduc
tion, as the British sociologist J. A. Banks 
has made clear in his book Prosperity 
and Parenthood. We can see now that 
in all modern nations the long-run trend 
is one of low mortality, a relatively 
modest rate of reproduction and slow 
population growth. This is an efficient 
demographic system that allows such 
countries, in spite of their "maturity," to 
continue to advance economically at an 
impressive speed. 

Naturally the countries of northwest-
ern Europe did not all follow an 

identical pattern. Their stages differed 
somewhat in timing and in the pattern of 
preference among the various means of 
population control. France, for example, 
never attained as high a natural increase 
as Britain or Scandinavia did. This was 
not due solely to an earlier decline in the 
birth rate, as is often assumed, but also 
to a slower decline in the death rate. If 
we historically substitute the Swedish 
death rate for the French, we revise the 
natural increase upward by almost the 
same amount as we do by substituting 
the Swedish birth rate. In accounting 
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between 1958 and 1961 (bottom). Except for the countries of largest 

area the density has been averaged within the boundaries of each 

nation. The densities are given in terms of the number of people 

per square kilometer. The data are primarily from UN publications. 
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for the early and easy drop in French 
fertility one recalls that France, already 
crowded in the 18th century and in the 
van of intellectual radicalism and so
phistication, was likely to have a low 
threshold for the adoption of abortion 
and contraception. The death rate, how
ever, remained comparatively high be
cause France did not keep economic 
pace with her more rapidly industrializ
ing neighbors. As a result the relatively 
small gap between births and deaths 
gave France a slower growth in popu
lation and a lesser rate of emigration. 

Ireland also has its own demographic 
history, but like France it differs from 
the other countries in emphasis rather 
than in kind. The emphasis in Ireland's 
escape from human inHation was on emi
gration, late marriage and permanent 
celibacy. By 1891 the median age at 
which Irish girls married was 28 ( com
pared with 22 in the U.S. at that date); 
nearl), a fourth of the Irish women did 
not marr), at all, and approximatel), a 
third of all Irish-born people lived out
side of Ireland. These adjustments, be
gun with the famine of the 1840's and 
continuing with slight modifications until 
today, were so drastic that the), made 
Ireland the onl), modern nation to experi
ence an absolutc decline in population. 
The total of 8.2 million in 1841 was re
duced by 1901 to 4.5 million. 

The Irish preferences among the 
means of population limitation seem to 
come from the island's position as a rural 
region participating only indirectl), in 
the industrial revolution. For most of 
the Irish, land remained the basis for 
respectable matrimony. As land became 
inaccessible to ),oung people they post
poned marriage. In doing so the), were 
not discouraged b), their parents, who 
wished to keep control of the land, or 
by their religion. Their Catholicism, 
which they embraced with exceptional 
vigor both because they were rural and 
because it was a rallying point for Irish 
nationalism as against the Protestant 
English, placed a high value on celibacy. 
The clerg)" furthermore, were powerful 
enough to exercise strict control over 
courtship and thus to curtail illicit preg
nancy and romance as factors leading to 
marriage. They were also able to exer
cise exceptional restraint on abortion and 

POPULATION GROWTH of world from 

1650 to 1960 is  shown by curve at top of 

opposite page, proj ected to the year 2000. 

The middle chart shows the rate of growth, 

and the bottom chart the number of times 

the population would multiply in 100 years 

at  that growth rate for various periods. 

contraception. Although birth control 
was practiced to some extent, as evi
denced by a decline of fertility within 
marriage, its influence was so small as 
to make early marriage s),nonymous with 
a large family and therefore to be avoid
ed. Marriage was also discouraged by 
the ban on divorce and by the lowest 
participation of married women in the 
labor force to be found in Europe. The 
country's failure to industrialize meant 
that the normal exodus from farms to 
cities was at the same time an exodus 
from Ireland itself. 

Ireland and France illustrate contrast
ing variations on a common theme. 
Throughout northwestern Europe the 
population upsurge resulting from the 
fall in death rates brought about a multi
phasic reaction that eventually reduced 
the population growth to a modest pace. 
The main force behind this response was 
not poverty or hunger but the desire of 
the people involved to preserve or im
prove their social standing by grasping 
the opportunities offered b), the newly 
emerging industrial society. 

I s this an interpretation applicable to 
the history of any industrialized 

country, regardless of traditional cul
ture? According to the evidence the an
swer is )'es. \Ve migh t expect it to be 
true, as it currently is, of the countries 
of southern and eastern Europe that are 
finall), industrializing. The crucial test 
is offered by the onl), nation outside the 
European tradition to become indus
trialized: Japan. How closely does J a
pan's demographic evolution parallel 
that of northwestern Europe? 

1£ we superpose Japan's vital-rate 
curves on those of Scandinavia half a 
centur), earlier [see illustration on next 
page], we see a basically similar, although 
more rapid, development. The reported 
statistics, (luestionable up to 1920 but 
good after that, show a rapidly declining 
death rate as industrialization took hold 
after World War I. The rate of natural 
increase during the period from 1900 to 
1940 was almost exactly the same as 
Scandinavia's between 1850 and 1920, 
averaging 12.1 per 1,000 population per 
),ear compared with Scandinavia's 12.3. 
And Japan's birth rate, like Europe's, 
began to dip until it was falling faster 
than the death rate, as it  did in Europe. 
After the usual baby boom following 
World \Var II the decline in births was 
precipitous, amounting to 50 per cent 
from 1948 to 1960-perhaps the swiftest 
drop in reproduction that has ever oe
cured in an entire nation. The rates of 
childbearing for women in various ages 
are so low that, if they continued in-

definitely, they would not enable the 
Japanese population to replace itself. 

In thus slowing their population 
growth have the Japanese used the same 
means as the peoples of northwestern 
Europe did? Again, yes. Taboo-ridden 
Westerners have given disproportionate 
attention to two features of the change
the active role pla),ed b), the Japanese 
government and the widespread resort to 
abortion-but neither of these disproves 
the Similarity. It is true that since the 
war the Japanese government has pur
sued a birth-control policy more ener
getically than any government ever has 
before. It is also clear, however, that the 
Japanese people would have reduced 
their childbearing of their own accord. A 
marked decline in the reproduction rate 
had already set in b), 1920, long before 
there was a government policy favoring 
this trend. 

As for abortion, the Japanese are un
usual only in admitting its extent. Less 
superstitious than Europeans about this 
subject, the), keep reasonablv good rec
ords of abortions, whereas most of the 
other countries have no accurate data. 
According to the Japanese records, regiS
tered abortions rose from 11.8 per 1,000 
women of childbearing age in 1949 
to a peak of 50. 2 per 1,000 in 1955. 
\Ve have no reliable historical informa
tion from Western countries, but we do 
know from many indirect indications that 
induced abortion played a tremendous 
role in the reduction of the birth rate in 
western Europe from 1900 to 1940, and 
that it still plays a considerable role. 
Furthermore, Christopher Tietze of the 
National Committee for Maternal Health 
has assembled records that show that in 
five eastern European countries where 
abortion has been legal for some time 
the rate has shot up recently in a manner 
strikingly similar to Japan's experience. 
In 1960-1961 there were 139 abortions 
for cver:v 100 births in Hungar)" 58 
per 100 births in Bulgaria, 54 in Czecho
slovakia and 34 in Poland. The countries 
of eastern Europe are in a developmental 
stage comparable to that of northwestern 
Europe earlier in the centur),. 

Abortion is by no means the sole factor 
in the decline of Japan's birth rate. Sur
ve),s made since 1950 show the use of 
contraception before that date, and in
creasing use thereafter. There is also a 
rising fre(luency of sterilization. Further
more, as in Europe earlier, the Japanese 
are postponing marriage. The propor
tion of girls under 20 who have ever 
married fell from 17.7 per cent in 1920 
to 1.8 per cent in 1955. In 1959 onl), 
about 5 per cent of the Japanese girls 
marrying for the first time werc under 
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20, whereas in the U . S .  almost half the 
new brides ( 48 .5 per cent in the regis
tration area) were that young. 

Finally, Japan went through the same 
experience as western Europe in another 
rcspect-massive emigration . Up to 
\"lorld "Var 11  Japan sent millions of emi
grants to various regions of Asia, Oceania 
and the Americas. 

In short, in response to a high rate of 
natural increase brought by declining 
mortality, Japan reacted in the same 
ways as the countries of northwestern 
Europe did at a similar stage. Like the 
Europeans, the Japanese limited their 
population growth in their own private 
interest and that of their children in a 
developing society, rather than from any 
fear of absolute privation or any con
cern with overpopulation in their home
land. The nation's average 5.4 per cent 
annual growth in industrial output from 
1913 to 1958 exceeded the performance 
of European countries at a similar stage. 

As our final class of industrialized 
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countries we must now consider the 
frontier group-the U . S., Canada, Aus
tralia, New Zealand, South Africa and 
Russia. These counh'ies are distinguished 
from those of northwestern Europe 
and Japan by their vast wealth of 
natural resources in relation to their 
populations; they are the genuinely afflu
ent nations. They might be expected to 
show a demographic history somewhat 
different from that of Europe . In certain 
particulars they do, yet the general pat
tern is still much the same. 

One of the differences is that the rich
es offered by their untapped resources 
invited immigration. All the frontier in
dustrial countries except Russia received 
massive waves of emigrants from Eur
ope . They therefore had a more rapid 
population growth than their industrial
izing predecessors had experienced. As 
frontier countries with great room for 
expansion, however, they were also char
acterized by considerable internal migra
tion and continuing new opportunities. 

As a result their birth rates remained 
comparatively high. In the decade from 
1950 to 1960, with continued immigra
tion, these countries grew in population 
at an average rate of 2.13 per cent a 
year, compared with 1.76 per cent for 
the rest of the world. It was the four 
countries with the sparsest settlement 
(Canada, Australia, New Zealand and 
South Africa), however, that account
ed for this high rate; in the U.S. and the 
U . S.S.R. the growth rate was lower-
1.67 per cent per year. 

Apparently, then, in pioneer industrial 
countries with an abundance of resources 
population growth holds up at a higher 
level than in Japan or northwestern 
Europe because the average individual 
feels it is easier for himself and his chil
dren to achieve a respectable place in 
the social scale. The immigrants attract
ed by the various opportunities normally 
begin at a low level and thus make the 
status of natives relatively better. People 
marry earlier and have slightly larger 
families. But this departure from the 
general pattern for industrial countries 
appears to be only temporary. 

In the advanced frontier nations, as in 
northwestern Europe, the birth rate be
gan to fall sharply after 1880, and dur
ing the depression of the 1930's it was 
only about 10 per cent higher than in 
Europe . Although the postwar baby 
boom has lasted longer than in other ad
vanced countries, it i"S evidently starting 
to subside now, and the rate of immigra
tion has diminished. There are factors 
at work in these affluent nations that will 
likely limit their population growth. 
They are among the most urbanized 
countries in the world, in spite of their 
low average population density . Their 
birth rates are extremely sensitive to 
business fluctuations and social changes. 
Furthermore, having in general the 
world's highest living standards, their 
demand for resources, already stagger
ing, will become fantastic if both popula
tion and per capita consumption con
tinue to rise rapidly, and their privileged 
position in the world may become less 
tolerated. 

�t us shift now to the other side of 
the population picture: the nonin

dustrial, or underdeveloped, counh·ies. 
As a class the nonindustrial nations 

since 1930 have been growing in popu
lation about twice as fast as the indus
trial ones. This fact is so familiar and so 
taken for granted that its irony tends to 
escape us. When we think of it, it is 
astonishing that the world's most im
poverished nations, many of them al
ready overcrowded by any standard, 
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should be generating additions to the 
population at the highest rate. 

The underdeveloped countries have 
about 69 per cent of the earth's adults
and some 80 per cent of the world's chil
dren. Hence the demographic situation 
itself tends to make the world constantly 
more underdeveloped, or impoverished, 
a fact that makes economic growth dou
bly difficult. 

How can we account for the paradox 
that the world's pOOl'est reg"ions are pro
ducing the most people? One is tempted 
to believe that the underdeveloped 
countries are simply repeating history: 
that they are in the same phase of rapid 
growth the West exper�enced when it 
began to industrialize and its death rates 
fell. If that is so, then sooner or later the 
developing areas will limit their popu
lation growth as the West did. 

It is possible that t):lis may prove to 
be true in the long nih. But before we 
accept the comforting thought we should 
take a close look at the facts as tliey are. 

In actuality the demography of the 
nonindustrial countries today differs in 
essential respects from the early history 
of the present industrial nations. Most 
striking is the fact tbat their rate of hu
man multiplication is far higher than the 
West's ever was. The peak of the indus
trial nations' natural increase rarely rose 
above 15 per 1,000 population per year; 
the highest rate in Scandinavia was 13, 
in England and Wales 14, and even in 
Japan it was slightly less than 15. True, 
the U.S. may have hit a figure of 30 
per 1,000 in the early 19th century, but 
if so it was with the help of heavy im
migr�tion of young people (who swelled 
the births but not the deaths) and with 
the encouragement 'of an empty con
tinent waiting for exploitation. 

In contrast, in the present underde
veloped but often crowded countries the 
natural in<;rease per 1,000 population is 
everywhere extreme. In the decade from 
1950 to f960 it averaged 31.4 per year 
in Taiwan, 26.8 in Ceylon, 32.1 in Ma
laya, 26.7 in Mauritius, 27.7 in Albania, 
31.8 in Mexico, 33.9 in El Salvador and 
37.3 in Costa Rica. These are not birth 
rates; they are the excess of births over 
deaths! At an annual natural increase of' 
30 per 1,000 a population will double it
self in 23 years. 

The population upsurge in the back
ward nations is apparently taking place 
at an earlier stage of development-or 
perhaps we should say tmdevelopment 
-than it did in the now industrialized 
nations. In Britain, for instance, the peak 
of human multiplication came when the 
country was already highly industrial
ized and urbanized, with only a fifth 

of its working males in agriculture. Com
paring four industrial countries at the 
peak of their natural increase in the 19th 
century (14.1 per 1,000 per year) with 
five nonindustrial countries during their 
rapid growth in the 1950's (32.2 per 
1,000 per year), I find that the industrial 
countries were 38.5 per cent urbanized 
and had 27.9 per cent of their labor 
force in manufacturing, whereas now 
the nonindustrial countries are 29.4 per 
cent urbanized and have only 15.1 per 
cent of their people in manufacturing. 
In short, today's nonindustrial popula
tions are growing faster and at an earli
er stage than was the case in the demo
graphic cycle that accompanied indus
trialization in the 19th century. 

� in the industrial nations, the main 
.L generator of the population upsurge 
in the underdeveloped countries has 
been a fall in the death rate. But their 
resulting excess of births over deaths has 
proceeded faster and farther, as a com
parison of Ceylon in recent decades 
with Sweden in the 1800's shows [see 
illustration on next page]. 

In most of the underdeveloped nations 
the death rate has dropped with record 
speed. For example, the sugar-growing 
island of Mauritius in the Indian Ocean 
within an eight-year period after the war 
raised its average life expectancy from 

33 to 51-a gain that took Sweden 
130 years to achieve. Taiwan within two 
decades has increased its life expectancy 
from 43 to 63; it took the U.S. some 80 
years to make this improvement for its 
white population. According to the rec
ords in 18 underdeveloped countries, the 
crude death rate has dropped substan
tially in each decade since 1930; it fell 
some 6 per cent in the 1930's and nearly 
20 per cent in the 1950's, and according 
to the most recent available figures the 
decline in deaths is still accelerating. 

The reasons for this sharp drop in 
mortality are in much dispute. There are 
two opposing theories. Many give the 
credit to modern medicine and public 
health measures. On the other hand, the 
public health spokesmen, rejecting the 
accusation of complicity in the world's 
population crisis, belittle their own role 
and maintain that the chief factor in the 
improvement of the death rate has been 
economic progress. 

Those in the latter camp point out 
that the decline in the death rate in 
northwestern Europe followed a steadily 
rising standard of living. Improvemel1ts 
in diet, clothing, hOUSing and working 
conditions raised the population's re
sistance to disease. As a result many dan
gerous ailments disappeared or subsided 
without specific medical attack. The 
same process, say the public health peo-
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pie, is now at work in the developing 
countries. 

On the other side, most demographers 
and economists believe that economic 
conditions are no longer as important 
as they once were in strengthening a 
commu.nity's health. The development of 
medical science has provided lifesaving 
tecl1l1i(Jues and medicines that can be 
transported overnight to the most back
ward areas. A Stone Age people can be 
endowed with a low 20th-century death 
rate within a few years, without waiting 
for the slow process of economic devel
opment or social change. International 
agencies and the governments of the 
afHuent nations have been delighted to 
act as good Samaritans and send out 
public health missionaries to push dis
ease-fighting programs for the less de
veloped countries. 

The debate between the two views is 
hard to settle. Such evidence as we have 
indicates that there is truth on both sides. 
Certainly the newly evolving countries 
have made economic progress. Their 
economic advance, however, is not near
ly rapid enough to account for the very 
swift decline in their death rates, nor 
do they show any clear correlation be
tween economic growth and improve-
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ment iR life expectancy. For example , in 
Mauritius during the five-year period 
from 1953 to 1958 th ' per capita income 
fell by 13 per cent, yet notwithstanding 
this there was a 36 per cent drop in the 
death rate. On the other hand, in the 
period between 1945 and 1960 Costa 
Rica had a 64 per cent increase in the per 
capita gross national product and a 55 
per cent decline in the death rate . There 
seems to be no consistency-no signifi
cant correlation between the two trends 
when we look at the figures country by 
country. In 15 underdeveloped countries 
for which such figures are available we 
find that the decline in death rate in thc 
1950's was strikingly uniform ( about 4 
per cent per year) , although the nations 
varied greatly in economic progress
from no improvement to a 6 per cent 
annual growth in per capita income .  

O ur tentative conclusion must be, 
therefore, that the public health 

people are more efficient than they ad
mit .  The billions of dollars spent in  pub
lic health work for underdeveloped areas 
has brought down death rates, irrespec
tive of local economic conditions in thcse 
areas. The programs in stituted by out
siders to control cholera, mahria, plague 
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and other diseases in these countries 
have succeeded. This does not mean 
that death control in underdeveloped 
countries has become wholly or perma
nently independent of economic devel
opment but that it has become tempo
rarily so to an amazing degree. 

Accordingly the unprecedented popu
lation growth in these countries bears 
little relation to their economic condi
tion. The British economist Colin C.  
Clark has contended that rapid popula
tion growth stimulates economic prog
ress . This idea aC'1uires plausibility from 
the association between human increase 
and industrialization in the past and 
from the fact that in advanced countries 
today the birth rate ( but not the death 
rate) tends to Huctuate with business 
conditions. In today's underdeveloped 
countries, however, there seems to be 
little or no visible connection between 
economics and demography. 

In these countries neither births n or 
deaths have been particularly responsive 
to economic change. Some of the highest 
rates of population growth ever known 
are occurring in areas that show no 
commensurate econom ic advance . In 34 
such countries for which we have data, 
the correlation between population 
growth and economic gain during the 
1 950's was negligible, and the slight 
edge was on the negative side : - .2. In 
20 Latin-American countries during the 
period from 1954 to 1958 , while the an
nual gain in per capita gross domestic 
product fell from an average of 2 per 
cent to 1.3 per cent, the population 
growth rate rose from 2.5 to 2.7 per cent 
per year. 

All the evidence indicates that the 
population upsurge in the underdevcl
oped countries is not helping them to 
advance economically . On the contrary, 
i t  m ay well be in terfering with their 
economic growth. A surplus of labor on 
the farms holds back the mechan ization 
of agricultur e .  A rapid rise in the num
ber of people to bc maintained uses up 
income that might otherwise be utilized 
for lon g-term investmcnt in  education, 
e( luipment and other capital needs.  To 
put i t  in concrete terms, i t  is  difficult to 
give a child the basic education he needs 
to become an engineer when he is one of 
eight children of an i l l iterate farmer who 
must support the fami ly with the prod
u ce of two acres of groun d .  

By definition economic advance means 
an increase in  the amount of product per 
unit  of human labor.  This  cal l s  for invest
ment in  technology, in  improvement of 
the skills of tile labor force and i n  · ad

ministrative organization and planning.  

An econonlV that  must  spend a dispro-
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portionate share of its income in support
ing the consumption needs of a growing 
population-and at a low level of con
sumption at that-finds growth difficult 
because it lacks capital for improve
ments.  

A further complication lies in the 
process of urbanization. The shifts from 
villages and farmsteads to cities is seem
ingly an unavoidable and at best a pain
ful part of economic development. It is 
most painful when the total popula
tion is skyrocketing; then the cities are 
bursting both from their own multipli
cation and from the stream of migrants 
from the villages. The latter do not move 
to cities because of the opportunities 
there. The opportunities are few and 
unemployment is prevalent. The mi
grants come, rather, because they are 
impelled by the lack of opportunity in 
the crowded rural areas. In the cities 
they hope to get something-a menial 
job, government relief, charities of the 
rich. I have recently estimated that if the 
population of India increases at the rate 
projected for it. by the UN, the net num
ber of migrants to cities between 1960 
and 2000 will be of the order of 99 to 
201 million, and in 2000 the largest city 
will contain between 36 and 66 million 
inhabitants. One of the greatest problems 
now facing the governments of under
developed countries is what to do with 
these millions of penniless refugees from 
the excessively populated countryside. 

Economic growth is not easy to 
achieve. So far, in spite of all the 

talk and the earnest efforts of under
developed nations, only one country out
side the northwestern European tradi
tion has done so : Japan. The others are 
struggling with the handicap of a popu
lation growth greater than any indus
trializing country had to contend with 
in the past. A number of them now 
realize that this is a primary problem, 
and their governments are pursuing or 
contemplating large-scale programs of 
birth-limitation. They are receiving little 
help in this matter, however, from the 
industrial nations, which have so willing
ly helped them to lower their death 
rates. 

The Christian nations withhold this 
help because of their official taboos 
against some of the means of birth-limita
tion ( although their own people private
ly use all these means) . The Communist 
nations withhold it because limitation of 
population growth conflicts with official 
M arxist dogma ( but Soviet citizens con
trol births just as capitalist -citizens do, 
and China is officially pursuing policies 
calculated to reduce the birth rate ) . 
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The West's preoccupation with the 
technology of contraception seems un
justified in view of its own history. The 
peoples of northwestern Europe utilized 
all the available means of birth limitation 
once they had strong motives for such 
limitation. The main question, then, is 
whether or not the peoples of the present 
underdeveloped countries are likely to 
acquire such motivation in the near fu
ture. There are signs that they will. Sur
veys in India, Jamaica and certain other 
areas give evidence of a growing desire 
among the people to reduce the size of 
their families . Furthermore, circum
stances in the underdeveloped nations 
today are working more strongly in this 
direction than they did in northwestern 
Europe in the 19th century. 

As in that earlier day, poverty and 
deprivation alone are not likely to gen
erate a slowdown of the birth rate. But 
personal aspirations are. The agrarian 
peoples of the backward countries now 
look to the industrialized, affluent fourth 
of the world. They nourish aspirations 
that come directly from New York, Paris 
and Moscow. No more inclined to be 
satisfied with a bare subsistence than 
their wealthier fellows would be, they 
are demanding more goods, education, 
opportunity and influence. And they are 
beginning to see that many of their 
desires are incompatible with the en-

larged families that low mortality and 
customary reproduction are giving them. 

They live amid a population density 
far greater than existed in 19th-century 
Europe. They have no place to which to 
emigrate, no beckoning continents to 
colonize. They have rich utopias to look 
at and industrial models to emulate, 
whereas the Europeans of the early 
1800's did not know where they were 
going. The peoples of the underdevel
oped, overpopulated countries therefore 
seem likely to start soon a multiphasic 
limitation of births such as began to 
sweep through Europe a century ago . 
Their governments appear ready to help 
them. Government policy in these coun
tries is not quibbling over means or con
fining itself to birth-control technology; 
its primary task is to strengthen and 
accelerate the peoples' motivation for 
reproductive restraint. 

Meanwhile the industrial countries 
also seem destined to apply brakes to 
their population growth. The steadily 
rising level of living, multiplied by the 
still growing numbers of people, is en
gendering a dizzying rate of consump
tion. It is beginning to produce painful 
scarcities of space, of clean water, of 
clean air and of quietness. All of this 
may prompt more demographic modera
tion than these countries have already 
exercised. 
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FOOD 

The first task of a pOOl' country is to improve both the quantity 

and the quality of its nutrition. Basically this calls for education, 

not only in agriculture but also in food econon1ics and technology 

N
early half the world's population 

is underfed or otherwise mal
nourished. The lives of the peo

ple in the underdeveloped areas are dom
inated by the scramble for food to stay 
alive. Such people are perpetually tired, 
weak and vulnerable to disease-prison
ers of a vicious circle that keeps their pro
ductivity far below par and so defeats 
their efforts to feed their families ade
quately. Because their undernourish
ment begins soon after birth, it produces 
permanently depressing and irremedia
ble effects on the population as a whole. 
Malnutrition and disease kill a high pro
portion of the children by the age of 
four; the death rates for these young 
children are 20 to 60 times higher than 
in the U.S. and western Europe. Among 
those who survive, few escape physical 
or mental retardation or both. 

Obviously the Rrst necessity, if the 
underdevelo.ped countries are to de
velop, is more and better food. Much 
has been said about the need for indus
trialization of these countries as the 
quickest and most effective way to raise 
their incomes and level of living. But 
they cannot industrialize successfully 
without a substantial improvement in 
their nourishment and human efficiency. 
This must depend primarily on improve
ment of their agriculture and utilization 
of food. In these countries from 60 to 
80 per cent of the people are engaged 

CHICAGO STOCKYARDS are a focal point 

in the distribution of protein in the U.S., 

handling more than three million head of 

cattle, hogs and sheep a year. Only a few of 

its hundreds of pens appear in the aerial 

photograph on the opposite page. The 

brown cattle are Herefords; the black, An· 

gus; the white, Holsteins. Green areas are 

unused pens. Near center men are herding 

cattle out of a pen through long runway. 

by Nevin S. Scrimshaw 

in farming, but their productivity is so 
low that it falls far short of feeding the 
population. That stands as a roadblock 
against their advance. Unless they im
prove their food-producing efficiency, 
any diversion of their working force to 
industry will only make their food prob
lem more desperate. 

Moreover, during the coming decades 
their food requirements will rise astro
nomically, both because of their rapid 
population growth and because of the 
demand for a better scale of living that 
comes with industrialization. The Food 
and Agriculture Organization of the 
United Nations has estimated that to 
provide a decent level of nutrition for 
the world's peoples the production of 
food will have to be doubled by 1980 
and tripled by 2000. 

Can the developing nations make the 
grade? Is our planet capable of feeding 
the hungry half of the world and sup
porting its vast, growing population? 
This is a complex question that involves 
many issues other than the volume of 
food production. Just as important are 
the conservation of food, the kinds of 
foods produced and the ways in which 
food is used. Food supply is not merely 
a matter of the number of bushels of 
grain the farmer harvests or the number 
of chickens he raises. Other vital ele
ments in the equation are the selection, 
handling, processing, storage, transpor
tation and marketing of the food crops. 
Each factor allows opportunities for im
provement of efficiency that can greatly 
enhance the food supply. 

�t us consider what science and tech
nology have to contribute to the 

food problem. 
The simplest way to increase food 

production, one might suppose, is to 
bring more land under cultivation and 
put more people to work on it. The 

U.S.S.R. and some of the underdevel
oped countries have resorted to this 
straightforward approach, without no
table success. It contains several fallacies. 
For one thing, it usually means moving 
into marginal land where the soil and 
climatic conditions give a poor return. 
Cultivation may quickly deplete this soil, 
ruining it for pasture or forest growth. 
It is often possible, of course, to turn 
such lands into useful farms by agri
cultural know-how; for instance, a so
phisticated knowledge of how to use the 
available water through an irrigation sys
tem may reclaim semiarid grasslands for 
crop-growing. But the cultivation of mar
ginal lands is in any case unsuccessful 
unless it is carried out by farmers with 
a centuries-old tradition of experience 
or by modern experts with a detailed 
knowledge of the local conditions and 
the varieties of crops that are suitable 
for those conditions. Such knowledge is 
conspicuously absent in the underde
veloped countries. 

Furthermore, we know that the highly 
developed countries have not increased 
the number of acres under cultivation 
but on the contrary have abandoned 
their marginal lands and steadily re
duced the proportion of the population 
engaged in farming. Efficient farming 
calls for concentration on the most ef
Rcient lands, and it also results in greater 
production with fewer people. The U.S., 
for example, produces a huge surplus of 
food with only about 10 per cent of its 
people working on the farms. 

The problem of the underdeveloped 
countries, then, is to increase the pro
ductivity of their farms and farmers. 
This would allow them to industrialize 
and to feed their people more adequate
ly. It is not easy to accomplish, however. 
The peasant farmers are conservative 
and resistant to change in their methods 
of cultivation. The entire population 
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FOOD SUPPLIES available (gray bars) and needed (colored 
bars) vary widely in four underdeveloped regions, according to 

studies by the Food and Agriculture Organization (FAO). All the 

regions suffer from both shortages of food and badly unbalanced 
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AFRICA FOOD 
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diets. The lack of proteins i, particularly acute and plays an impor

tant role in malnutrition. Pulses include leguminous crops such 

as peas and beans. The relatively well-fed countries of Paraguay, 

Uruguay and Argentina arc omitted from the Latin America chart. 
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needs to be indoctrinated in the possibil
ities offered by scientific agriculture, in
cluding the officials who must provide 
the necessary funds, planning, legisla
tion, training and research programs. 
The underdeveloped countries are great
ly in need of studies and experiments to 
help them to adapt modern agricultural 
methods to their own conditions. 

During the past two decades some of 
these countries have increased their food 
production, but their populations have 
in the meantime grown faster; therefore 
they are farther behind than before. 
Furthermore, the food increase has been 
gained at the expense of using up mar
ginal lands. In productivity per acre or 
per man they have not gained at all. 

Meanwhile the efficiency of farming 
in the developed countries has pro

gressed phenomenally. In the U.S. the 
productivity per farm worker has tripled 
since 1940 [see illustration on page 
80]. With a 7 per cent reduction in 
the total acreage under cultivation, u.s. 
production of cereal grains has jumped 
50 per cent; the increase in the corn 
output, thanks to hybrid corn, has been 
even grea ter. 

The "secret" of these improvements 
can be summed up in a few words: 
chemicals, mechanization, breeding and 
feeding. 

Fertilizers are an old story to farmers, 
even in backward countries, but the 
practitioners of modern farming have 
raised the use of chemical fertilizers to 
a high art. To these they have added a 
pharmacopoeia of chemicals for speCial 
purposes: poisons to kill insects, fungi 
and other pests; plant-growth regulators 
to control weeds, force early sprouting, 
stimulate ripening and prevent prema
ture dropping of fruit; soil-conditioners 
to improve the physical characteristics 
of the soil. Most of these techniques and 
materials could easily be introduced on 
the farms of the underdeveloped areas. 
They require capital investment, but 
they would pay for themselves many 
times over in higher yields. 

The mechanization of farming has be
come so familiar in Western countries 
that we have forgotten the many changes 
it has brought about. It has released 
for human food a great deal of land 
formerly devoted to growing feed for 
draft animals. Feeding fuel to a machine 
is cheaper than feeding a horse, and the 
machine needs less care and mainte
nance. The machine not only plows and 
cultivates but also digs ditches and post
holes, loads and handles heavy mate
rials, harvests, threshes, chops forage, 

cleans vegetables and does many other 
things the intelligent horse could never 
do. It does all these things swiftly and 
virtually at a moment's notice, so that 
the farmer no longer has to worry about 
whether or not he can get a job done 
before threatening weather ruins his 
planting or his harvest. 

The machine has also facilitated the 
building and development of irrigation 
systems. It makes easy work of the con
struction of dams, the digging of water 
channels and the pumping of water. In 
the U.S. irrigation has made it possible 
to increase the crop yield of Western 
lands by 50 to 100 per cent. In the arid 
zones of India and the Middle East, 
which for centuries have been entirely 
dependent on irrigation for their farm
ing, extension of their systems with ma
chinery would be a great boon. In some 
areas where enough water could be fur
nished by irrigation, two or three crops 
a year could be produced and the crops 
could be diversified. 

Finally, a combination of selective 
breeding and efficient feeding has gener
ated astonishing bounties in both plant 
and animal production. For most of the 
major plant crops, thanks to modern 
genetics, we have seen the development 
of new varieties that give a higher yield 
and are more resistant to disease. The 
same is true of the animals that supply 
our meat, milk and eggs. "Hybrid vigor" 
has become a magic phrase in the U.S. 
farm belt. Furthermore, the farmer to
day can buy selected seeds he knows 
will do certain specific things with high 
reliability: produce plants that mature 
faster or are adapted to a wide range 
of conditions or grow to a uniform height 
and all ripen at the same time so that 
they can be harvested by machine. 

We now have wilt-resisting peas and 
cabbages, mosaic-resisting snap beans, 
virus-resisting potatoes, mildew-resisting 
cucumbers and lima beans, anthracnose
resisting watermelons and leaf-spot
resisting strawberries. We have new 
cereal grains rich in high-quality protein, 
special syuash rich in vitamin A, cotton
seed from which the toxic pigment called 
gossypol has been bred out. We have 
cows that give richer milk, hogs that 
grow exceptionally fast on less feed, hogs 
with more lean meat and less fat, poultry 
with a high ratio of lean meat. 

To improvement of the animal breeds 
the advanced countries have coupled 
scientific husbandry: finely calculated 
diets and rations, synthetic hormones, 
pesticides and sanitary stalls, drugs and 
vaccines to control disease and many 
other measures that have heightened the 

efficiency of production. The results are 
most strikingly shown in poultry raising. 
There are now breeds of hens that lay 
more than 200 eggs a year and broilers 
that grow to a three-pound market size 
within 10 weeks. Diseases, waste mo
tion and costs have been sharply reduced. 
Raised in individual cages arrayed in 
batteries of hundreds or thousands, the 
chickens minimize the expenditure of 
energy by themselves and their care
takers and facilitate record-keeping, so 
that the less productive birds can easily 
be eliminated. 

I n general it would not be difficult to 
apply most of the agricultural im

provements to the countries that need 
them so urgently. The main biological 
problem would be to select the right 
plants and animals for transfer to those 
countries. For instance, Temperate Zone 
varieties of corn and soybeans do not 
grow well in hotter areas; prize pigs 
from mild climates are often unable to 
nurse their young in the Tropics; plants 
and animals that are successful in one 
region may quickly succumb to diseases 
in another. But analysis of the ecologi
cal conditions and testing can resolve 
these problems. It is known, for exam
ple, that certain plants can readily be 
transplanted from areas in the u.s. to 
areas in Japan because the climatic 
conditions are much the same. The iden
tification and classification of such eco
logical analogues on a world-wide scale 
would greatly facilitate the transfer of 
agricultural techniques to the under
developed regions. 

Aside from more efficient methods, 
however, those countries need a sounder 
over-all policy, which is to say, in most 
cases, more diversification of crops. 
Many of the underdeveloped nations 
are enslaved by a single cash crop, such 
as rubber, hemp, cotton, coffee, tea, 
sugar or olive oil, with deadly effects on 
their basic food supply. It is true that 
the export of the single crop provides 
cash with which to buy food, but it 
places the country at the mercy of crop 
failure and price fluctuations in the 
world market. There have been periods 
when it has meant mass starvation for 
a whole region. 

Without giving up its profitable crop, 
each country should be able to expand 
its own food production and achieve a 
better-balanced agricultural economy. In 
some cases it could improve its food 
supply immediately without radical 
changes. For example, the cotton-rais
ing countries usually export the cot
tonseed-oil meal along with the fiber; 
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o MORE THAN 2,700 CALORIES 
D 2,200 TO 2,700 CALORIES 
D LESS THAN 2,200 CALORIES 
D NO DATA 

NUMBER OF CALORIES per person per day as estimated by 

the FAO in 1962 is plotted on a map of the world. Several heavily 

populated countries, such as India and China, fall into the low· 

est classification, which means that a large part of the world's 

instead they could keep the meal and 
use it for animal feed and even as hu
man food. 

Thus in their campaign against hun
ger the developing countries need first 
of all to increase their food production. 
The second way in which they could 
make great strides is by better food con
servation or preservation. In this field 
the advanced countries have achieved 
improvements fully as spectacular as 
in production. 

For food-raising Homo sapiens the per-
ishability of foodstuffs has always 

been a major problem. Gradually he 
learned that his food supply would go 
further if he kept it edible longer by 
smoking, drying or salting it, or by keep
ing it cool in caves, wells, snow or ice 
from ponds. With limited effectiveness, 
these devices have served man for many 
centuries. But general food conservation 
on a large scale did not begin until 
the 19th century, with the arrival of the 
insulated refrigerator. 
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Within the past two decades we have 
seen freezing become a major means of 
preserving food in the U.S. Still newer 
is the recent development of freeze
drying-a system of vacuum dehydra
tion of frozen food that makes it possible 
to store many foods without refrigera
tion and still retain their fresh flavor 
and characteristic properties. This meth
od is ideal for keeping food in tropical 
areas, but it is still comparatively ex
pensive. Vacuum-drying without freez
ing, however, is less costly and can pre
serve certain foods with little change in 
their flavor or texture. Also cheaper than 
freeze-drying is the new process of foam
mat drying, which is particularly good 
for fruit juices and purees. 

Sterilization of food by ionizing radia
tion, which once seemed very promising, 
now looks impractical, because it dam
ages the flavor and nutritional value. But 
irradiation with smaller doses, in the 
pasteurization range, may help to pro
long the storage life of foods, although 
they will have to be refrigerated. Bacon 

preserved by this process has recently 
been approved for sale in the U.S. An
other new technique is dipping the food 
in an antibiotic bath; this works well 
for fresh fish and meat. Of course there 
are also the chemical preservatives and 
other additives that have been used in 
food for some time, such as propionates 
to inhibit molds in bread, antioxidants 
to slow down the process by which fats 
become rancid, emulsifying agents, 
bleaching agents and so on. 

In many other ways, some obvious and 
some subtle, modern food industries 
have contrived to reduce the attrition 
of food between its harvesting in the 
field and its delivery to the consumer. 
These include scientific storage at the 
right temperature and humidity with 
protection from rodents and insects, pro
tective packaging (for which polyeth
ylene and other synthetic wrappings 
have been particularly useful) and rapid 
transportation in refrigerated ships, cars 
and airplanes. Today there is virtually no 
food that cannot be delivered fresh and 
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population is undernourished. While pro· 

dm·tioll is rising, so is the number of people. 

with only minor losses to consumers 
everywhere. 

Better food production and better 
food conservation are the prime re

quirements of the ill-fed countries. There 
is a third modern development that 
could also help them tremendously
artificial enrichment of their food with 
vitamins and other substances. 

Everyone knows the story of the dra
matic conquest of goiter in the U.S. and 
elsewhere by the simple device of add
ing iodine to the salt. Iodized salt in the 
1920's practically eliminated goiter in 
the U.S. Middle West and Switzerland, 
where iodine is missing from the normal 
inland diet. In recent years Guatemala 
by the iodization of salt has abruptly 
reduced the incidence of goiter to less 
than 10 per cent in areas where it was 
formerly 30 to 60 per cent, and Colom
bia has achieved similar results. Salt 
iodization is now an 'officially sponsored 
practice in a number of underdeveloped 
countries. 

Other deficiency diseases, such as 
pellagra and beriberi, can be eliminated 
by the simple addition of vitamins to 
wheat flour and polished rice. Here it is 
usually a case of restoring valuable food 
elements that are lost in the processing 
of the whole grain into the "refined" 
food. Since 1941 the enrichment of 
wheat flour with thiamine, riboflavin 
and niacin has been a general practice 
in the U.S. and Canada, and it is re
quired by law in Puerto Rico and the 
Central American countries. Such legis
lation should be adopted by all countries 
depending on refined wheat flour as a 
basic food. The same goes for polished 
rice. In a test on a large scale in the 
Philippines from 1948 to 1950 it was 
shown that enrichment of polished rice 
with vitamins was very effective in com
bating beriberi in this rice-eating popu
lation. Corn meal also needs to be en
riched; a diet consisting mainly of corn 
may produce pellagra, the disease re
sulting from a deficiency of the vitamin 
niacin combined with a diet low in thc 
amino acid tryptophan. 

Enrichment of a nation's wheat, corn 
and rice with the vitamins thiamine, 
riboflavin and niacin, plus calcium and 
iron, costs only a few cents per person 
per year. It would produce significant 
improvements in the health of most ilI
fed populations, and it is strongly recom
mended by international health organ
izations. 

A great part of the hungry half of the 
world suffers primarily from a deficiency 
of protein. In most vegetables and other 
plant foods the protein content is low in 
quantity and poor in quality-meaning 
that it is only partly metabolized by 
the body. High-quality protein is hard 
to come by. In many of the underde
veloped countries it would require the 
relatively wasteful allocation of land to 
pasture for animals, whereas it is often 
more efficient at present to devote the 
land to the direct growing of food for 
human beings. 

Fortunately, however, low-protein 
foods can be enriched economically by 
adding a source of the missing amino 
acids that are essential to the synthe
sis of proteins by the body. The nu
tritive value of corn meal, for example, 
can be greatly improved by adding to 
it a supplement of 3 per cent fish 
flour, 3 per cent egg powder, 3 per cent 
food yeast, 5 per cent skim milk, 8 per 
cent soybean flour or 8 per cent cotton
seed flour. Any of these supplements 
will supply material for protein synthesis 
and also improve the efficiency of utiliza
tion of the protein in the corn meal. 

A most promising development is the 

progress that is being made in the ar
tificial synthesis of amino acids them
selves. Synthetic methionine is already 
being fed to animals in the U.S. on a 
considerable scale. The addition of ly
sine to wheat flour or bread can raise 
the proportion of the wheat's usable pro
tein from about a half to two-thirds, 
and the amino acid threonine could 
make grain protein almost as fully usable 
as the proteins of meat and milk. The 
main problem so far is the cost of the 
synthetic amino acids. As more of them 
are synthesized and the price is brought 
down, these products of laboratory 
chemistry will make it possible to turn 
grain into meat for the meatless regions 
of the world. 

,\lready nutritionists, using only natural 
f\. sources, have concocted mixtures 
that can make a purely vegetarian diet 
richer in protein. The basic ingredients 
are a cereal grain, such as corn, rice 
or wheat, and an oilseed meal. This 
meal, or flour, is made from the cakes 
that are left when the oil is pressed out 
of the seed. It is conselluently less ex
pensive than comparable animal pro
tein because it is a dividend remaining 
after sale of the oil. It generally contains 
about 50 per cent protein. Good sources 
of oilseed meal are cottonseed, soybean 
seeds, sesame seeds, sunflower seeds and 
peanuts. 

When a properly processed oilseed 
meal is mixed with a grain in the ratio 
of one part meal to two parts grain, 
the combination contains about 25 per 
cent protein of meatlike quality. With 
the addition of a small amount of yeast 
and vitamin A it makes a highly nutri
tious food. In tropical and subtropical 
areas it could serve as a complete basic 
food lacking only vitamin C (which is 
supplied in abundance by tropical fruits 
and vegetables) and sufficient calories. 
The latter are obtained readily from 
sugar, starchy vegetables and such fruits 
as bananas and plantains. 

Low-cost mixtures of this kind have 
been developed by the Institute of Nu
trition of Central America and Panama. 
Under the generic name of Incaparina, 
they are already being manufactured 
and sold as basic foods in Guatemala, El 
Salvador, Mexico and Colombia and will 
soon be available in other Latin-Ameri
can countries. Incaparina has been found 
to be almost as good a protein source for 
young children as milk, and it has proved 
to be effective in preventing or curing 
protein malnutrition in children. Almost 
every region of the world either has al
ready or can grow the raw materials for 
this food. The basic formula is about 
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is 100,000 grams, or about 220 pounds. A hectare is 2.47 acres. 

Charts at right show production of selected cereals per capita 
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latter in.-lude, people living in both rural areas and small villages. 

55 per cent grain (corn, sorghum, rice, 
wheat or whatever other cereal is avail· 
able locally), 38 per cent oilseed meal, 
3 per cent torula yeast, 3 per cent leaf 
meal (as a source of vitamin A) and 1 
per cent calcium carbonate. 

Many other schemes for getting more 
protein from plants have been studied. 
One on which a great deal of work has 
been done is the growing in liljuid cul
ture of the single.celled alga Chiarella. 
Efforts have also been made to concen
trate or extract protein from grass, vege
tables, cereals and other plant materials. 
But so far all these investigations have 
been disappointing in one way or an· 
other; the food produced is either too 
expensive, unpalatable or low in nutri
tive value. 

Then there is the sea, whose tremen
dous population of fish and other edibles 
continues to excite the imagination of 
those concerned with the world's food 
problem. The main obstacle here is the 
cost of storing the catch of fish; such 
storage reljuires mechanical refrigera
tion, not generally available in the un
derdeveloped countries, The grinding 
of fish to make a protein-rich Bour looks 
like a promising answer to this problem, 
but it calls for technical skill and costs 
more than prOViding protein in the 
form of surplus dried skim milk or oil-
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seed meal. Moreover, large quantities 
of fish Bour are not attractive in a 
basic daily diet. All in all, it must be said 
that sea food offers possibilities one 
sbould not neglect but that it cannot be 
regarded as a panacea for prompt solu
tion of the world's food problems. 

Finally, there is the dream of manu
facturing completely synthetic foods at 
a cost low enough to end all food worries. 
After all, the essential nutrients man re
quires are basically chemicals whose for
mulas are well known. Most of them can 
be synthesized in the laboratory, either 
by direct cbemical manipulation or with 
the help of microorganisms. We already 
have ,synthetic vitamins, synthetic amino 
acids, hydrogenated fats, artificial Bavor
ing and coloring agents and so all. From 
a concentrate of soybean protein the skill 
of the food chemist can prepare a meat
like product that with proper Bavoring, 
coloring and molding can pass for 
pressed ham or chicken, 

The cost of such creations is still ex
orbitant. But the progress of chemistry 
is steadily reducing the cost, and almost 
certainly we shall eventually have syn
thetic foods that will compete in cost, 
palatability and nutritive value with the 
products of the farm. Although that day 
is too far away to promise relief of the 
present food crisis in the underdeveloped 

regions, it may help to forestall the crises 
threatened for the future by the growth 
of the world's population. 

'\ long with modern food technology go 
-� modern dangers. As man takes a 
more active hand in shaping and ex
tending his food supply he introduces 
new hazards in what he eats-mainly 
potentially dangerous new food addi
tives, Thus the safety of our food has 
becomc a paramount issue in the in
dustrial age. 

Indeed, it has always been something 
of an issue. We tend to overlook the 
fact that there are toxic substances in 
most of the plants we use for food, even 
the common ones. Fortunately they are 
usually eliminated or reduced to harm
less proportions by cooking or other 
processing. 

Many legumes (notably soybeans) 
contain an inhibitor that interferes with 
the action of the protein-digesting 
enzyme trypsin, Some also have sub
stances that clump the red blood cells, 
Cabbages and several other common 
vegetables contain materials that deny 
iodine to the thyroid gland and so tend 
to produce goiter. Certain vegetables 
and cereals have high concentrations of 
oxalates and phytates, which bind iron 
and calcium and prevent the use of these 
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minerals by the body. There are also 
common plants that harbor some of the 
deadliest poisons known to man. The 
cassava root contains cyanides; lima 
beans, the common vetch and the broad 
bean have a glucoside that gives rise to 
cyanides; the broad bean also contains 
a compound that causes hemolytic 
anemia; the chick-pea contains an un
known substance that produces the dis
ease lathyrism (spastic paralysis of the 
legs) . Consequently man has always 
had to be careful, and still needs to 
be, in his choice and processing of 
na tural foods. 

The new dangers arise from the in
creasing and necessary use of chemicals 
at all stages in the production and han
dling of food, from the planting of the 
seed to the packaging of the final prod
uct. The hazard begins with the pesti
cides and other poisons used to protect 
and promote the growth of the plant. 
(One may hope that another contami
nant-radioactive fallout from nuclear 
tests-will now effectively be elimi
nated.) After harvesting, grain and le
gumes become subject to poisoning bv 
molds unless they are properly stored. 
Then there is the potential toxicity of 
residues of the hormones and antibiotics 
that have become a standard part of the 
feeding of meat animals. Next come the 
chemicals added to foods during the 
processing for flavor, color and preserva
tive purposes. Along the way the food 
may pick up traces of toxic detergents 
that have been used to clean the tanks 
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or containers in which it is processed. 
Finally, the wrappings in which the food 
is packaged may inadvertently add some 
toxic contamination. 

The whole sequence is imperfectly 
known; no one can be quite sure just 
where all the dangers lurk. Gradual
ly the advanced countries have awak
ened to the need for vigilance in all 
stages of the handling of food. With re
spect to the chemical treatment of foods, 
U.S. legislation and the policy of the 
Food and Drug Administration are now 
based on the principle that "there are 
no harmless substances; there are only 
harmless ways of ilsing them." 

If the technically developed countries 
are concerned about the safety of their 
food supplies, obviously the less de
veloped ones must be even more so as 
they attempt a rapid modernization of 
their food-producing and food-process
ing methods. The control of food con
tamination has become a world-wide 
problem, and the World Health Organ
ization and the Food and Agriculture Or
ganization of the United Nations have 
initiated conferences, committees and 
periodic reports on control regulations 
in the various countries. International 
research and standards will be helpful, 
but each country must take the responsi
bilitv for guarding the safety of its own 
food supply. 

What can be done to help the hungry 
half of the world pull itself up from 

its undernourished state and speed up 

the developments that would enable it to 
feed itself decently? 

Even pessimists must note, first of all, 
that the prospects of the impoverished 
peoples are brightened by a most re
markable turn in human history. Where
as in the past men have been concerned 
only with feeding their own families and 
have fought long and bitter wars for 
food, we see today a new and remarkable 
world-wide concern for feeding the hun
gry wherever they are. Whether this 
arises out of advanced humanitarianism, 
the fears of the well-fed or the contest 
between the West and Communism is 
less important than the fact that thc 
wealthy countries are taking an interest 
in the peoples of the poor countries. 

During the past nine years the U.S. 
has sent more than $12 billion worth of 
its surplus food to these countries. The 
Food and Agriculture Organization, at 
the suggestion of Canada and the U.S., 
has launched an international effort for 
the same purpose with a $100 million 
fund as a starter, and it is now conduct
ing a five-year Freedom from Hunger 
campaign. 

This emergency help is not to be un
derestimated, and one hopes that it will 
be continued and even enlarged, pref
erably under international auspices. 

A second way in which the developed 
countries are helping substantially is by 
example and by technical advice and 
assistance to the developing areas. The 
example, again, is important. The U.S. 
Department of Agriculture has estimated 

NORTH 
AMERICA 

LATIN 
AMERICA 

AFRICA NEAR EAST OCEANIA 

UNEQUAL DISTRIBUTION of world's income, agrieultural land and agricultural produc

tion in relation to population shows up plainly on chart. Far East, with more than half the 

world's population, has less than 15 per cent of the income. Figures come from a study by 

the F AO in 1956. The category of Oceania embraces only Australia and New Zealand. 
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VAST IMPROVEMENT of agricultural product ion in U.S. demon· 

strates value of  modern techniques. At top left, index o f  farm·labor 

input ( block curve ) declined from 212 in 1910 to 85 in 1962, while 

the farm output index ( colored curve ) rose from 51 to 108. The 

,·hange was due in great part to in'Teased use of machinery ( to/1 

right, colored curve ) and ferti lizers and liming materials ( bluck 

curve ) .  The number of  persons supplied by one farm w orker 

in 1820 w a s  4. 1 2. By 1910 i t  had risen to 7 .07  ( bottom left ) and in 

1962 it  had jumped to 28.5 7 .  The number of acres needed to feed one 

person declined frol11 2.17 in 19 10 to 1.23 in 1962 ( bottom right ) .  

that at the present rate of progress in 
agricultural productivity the developed 
countries will be able to produce almost 
twice as much food as they need by the 
year 2000. Such an advance cannot fail 
to infect and stimulate the backward 
countries. 

Yet \vhen all is said and done, these 
countries must themselves generate the 
means for their emancipation from hun
ger. To do so they will have to change 
long-established habits and attitudes. 
Neither well-meant exhortations nor 
government decrees are likely to per
suade them-certainly not in a hurry. 
Concrete steps may, however, speed 
reforms by quickly convincing the peo
ple of their value. 

It is easy to list effective projects that 
the governments of these countries might 
undertake. Make available to the falmers 
the seeds and �tocks of improved plant 
varieties and animal breeds .  Build 
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chemical-fertilizer plants . Supply agri
cultural chemicals for pest control and 
other special purposes. Provide new im
plements and machinery suitable for the 
local types of farming. Extend credit to 
the farmers for their new seeds and 
e'luipment. Pay them subsidies to start 
urgently needed new crops. And above 
all, establish training programs that will 
show them how to handle . their new ma
terials and e(luipment and to farm more 
efficiently. 

Education must receive the first pri-
ority for the advancement of these 

countries. The development of each one 
of the ''''estern countries has been 
founded on the literacy and knowledge 
of its population. This applies to their 
progress in agriculture as well as to their 
achievements in industrial technology 
and professional services. To raise itself 
the underdeveloped country re(luires a 

population that understands modern 
agriculture and nutrition, is equippcd 
with teachers and experts in all the fields 
of food technology and is lediby political 
and administrative officials who appre
ciate the possibilities of science and 
technology. 

This will be a long and difficult pro
gram for some of the poorly educated 
and ill-fed nations . But investment in 
education is a far more practical and ef
fective program for them than invest
ment in big buildings, dams, roads and 
factories that are put up mainly as visible 
symbols of progre:;s. Just as the strength 
of the so-called developed countries lies 
in their educational systems and their 
culture, so the great hope and promise 
of the future for the underdeveloped 
countries resides in the fact that they 
too will come to share in the full wealth 
of mankind's knowledge and contribute 
to it themselves. 
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I �@@lIDfu reports on : I 
processing and pri nting long film by dampness • • •  a nice fluidized bed 

Just roll them up together 

This represents the principle of either intermittent or non
intermittent processing and printing of long rolls of film by 
dampness-mere dampness. The principle is quite s imple and 
not quite revolutionary any more. In its new manifestation 
it delivers not only an immediate positive but a first-class 
negative for future positives. Perhaps the message will strike 
right between the eyebrows of some reader who has been 
struggling hard with the pesky details of apparatus for photo
graphing our too rapidly shrinking planet for the ultimate 
purpose of making it more livable for our burgeoning species 
and/or of peace-keeping. (Probably the peskiness of the details 
has diverted his attention from ultimate purposes .) 

We are wide open. We can play guiding angel to this new 
but well proved technique for broadening the scope and fea
sibility of photographic surveys, supplying nothing more 

Thermoplastic flour 

billable than hospitality and encouragement, hoping that the 
eventual consumption of our negative materials will reward us 
for improving the quickness and quality of aerial photography. 
We can, on a special order basis, supply just the KODAK 
BIMAT Film, which imbibes solution, applies it to the negative 
film, and comes away bearing the positive image. We can sim
ilarly supply just the KODAK BIMAT 1mbibant. We can likewise 
supply suitable negative films. We can supply the whole works. 
We can design the hardware, build the hardware, or shake the 
hand of him who intends to prosper by proving in fair com
petition that he can o utdesign or outbuild us. 

Book an appointment for a preliminary discussion by a letter to 
Eastmall Kodak Company, Special Sensitized Products Divisioll, 
Rochester 4, N. Y. 

The number of people who know about 
the fluidized-bed method of coating with 
plastics is as nothing compared with the 
number who have never heard of it. If 
hitherto in the second group, you are 
hereby switched. To what purpose is for 
you to determine. 

prodigious to behold. All objects s ink in 
it. If the object is hot enough (480° -
570°F), the powder particles hitting it 
melt to form a coating. Unless the 
object is very thin or for other reasons 
loses surface temperature quickly, the 
coating thickens steadily. 

The postheating melts the surface 
layer and polishes it.  Dielectric strength 
of a .020" coating runs around 1 6,000 
volts . 

Note that thick coatings can be made, as 
compared with lacquers. Note that all open
ings are entered and all cavity interiors 
coated. Note where to send for Technical 
Report TR-l2 : Eastman Chemical Products, 
inc.,  Kingsport, Tenn. (Subsidiary of East
mall Kodak Company). Note that though this 
organization equally prides itself as a mar
keter of organic solvents, it flinches not at 
bringing this technique to the attention of the 
technological pub/ic. 

TENITE Butyrate 522G looks like flour, 
except that in addition to white it can 
come in any hue you choose. Put some 
in a double-bottomed container. Make 
the upper bottom a t ight-fitting porous 
plate of sintered glass or metal , or make 
it solid and minutely perforated. Pump 
air into the space between the bottoms. 
If the pore size and the air pressure are 
right, seething will commence. "Seethe" 
hardly belongs in the engineering vo
cabulary, but it conveys the idea. No 
dust cloud rises, but the level of the 
powder does rise. It takes on a ghostly 
look- a pseudo-liquid, a pseudo-solid, 

Have some curves : 

50 r 
Thickness of 

Coating-m i ls  
40 

30 

0.250" Steel Plate 

0 .1 25" Steel Plate 

Postheating: 1·1/2 min .  at 5300 f 

30 40 50 
Dip Time, seconds 

60 

This is another advertisement 
where Eastman Kodak 

Company probes at random 
for mutual interests and 

occasionally a 1I"le revenue 
from those whose work has 

something to do with science 
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CAN 
DEVELOPING 

NATIONS 

AFFORD BASIC 

RESEARCH? 

Van de Graaff accelerator being installed 

When national resources are being strained 
to raise living standards and meet basic 
physical necessities of life in many coun
tries, why support a costly program to probe 
the fundamental structure of matter - the 
atomic nucleus? 

It's a fair question being asked by leaders 
of a score of emerging nations. 

The answers lie in the many intangible by
products of basic research effort. To give 
three out of many specific examples: 

• Energy - Economic nuclear power lies 
within our grasp. A cadre of men from 
every country must be trained in the 
basic processes of nuclear power, and 
the sophisticated devices to control it. 
The vital tools of research must not be 
withheld, or restricted to just a few 
nations. 

• Food - When 30% of the world's grain 
and food supply spoils before it can be 
consumed, the promise of preservation 
t.y irradiation cannot be ignored. Nor can 
men capable of understanding the many 
uses of the peaceful atom be neglected. 

• Education - Bri lliant men inclined to
ward science are born in every latitude 
and longitude. They are a priceless asset 
of every nation. Denied the tools of mod
ern science, they cannot work their crea
tive process and will emigrate, perhaps 
never to return. With them, these men 
and women will be equal to the oppor
tun ity afforded by technology. 

No science is more basic than physics, noth
ing is more basic to physics research than 
the particle accelerator. 
Is it any wonder that 27 countries have 
decided they cannot afford to ignore basic 
research, and have purchased High Voltage 
Engi neeri ng accelerators for their scientists? 

_ HIGH VOLTAGE 
.. ENGINEERING 

Burlington. M •••.• U .. S. A. 

For complete information on accelerators, radia
tion applications, and High Voltage Engineering, 
ask for our General Catalog. 
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The Test Ban 

The limited nuclear-test-ban treaty 
signed last month by Great Britain, 
the U.S. and the U.S.S.R. at the 

very least promises a sharp reduction in 
the pollution of the atmosphere with 
radioactive debris. Beyond that it is, as 
President Kennedy observed, "an im
portant first step-a step toward peace
a step toward reason-a step away from 
war." Premier Khrushchev said the 
treaty should produce "a situation fa
vorable to the long-overdue solutions of 
international problems." At the level of 
nuclear power politics the agreement in
stitutionalizes the great-power nuclear 
stalemate and tends to align the U.S. and 
the U.S.S.R. against all "nth countries" 
seeking to acquire a nuclear capability
most specifically against Communist 
China. 

Although the treaty curbs tests in the 
atmosphere, in space and under water 
(those that produce widespread fallout), 
it does not stop testing; the long-stand
ing Soviet-U.S. argument on inspection 
was settled by simply exempting under
ground tests, the only context in which 
inspection is an issue. There are still 
graver reasons why, as President Ken
nedy said, "the treaty is not the millen
nium." It does not halt the production of 
nuclear weapons or of missiles to carry 
them and, as President de Gaulle pointed 
out, "nothing is changed in the terrible 
threat that the nuclear armaments of the 
two rivals suspends over the world." The 
treaty is, however, the first fruit of 17 
years of on-and-off efforts to control the 
nuclear arms race, and it capped with 
almost anticlimactic speed five years of 

SCIENCE AND 
tortuous Big Three negotiations on a 
suspension of nuclear testing. There is 
the possibility, President Kennedy said, 
that "both sides can by this treaty gain 
confidence and experience in peaceful 
collaboration." 

Aside from pressure to respond to 
world-wide fears of fallout, the three 
powers were motivated primarily by a 
desire to prevent the proliferation of 
nuclear weapons in the hands of other 
countries. To abjure atmospheric testing 
is in effect to agree not to develop fission 
or fusion weapons. On the first day on 
which the treaty was opened for acces
sion, representatives of 31 nations signed 
the copy on deposit in Washington, in
cluding Israel and the United Arab Re
public, Yugoslavia, Japan, Canada, Aus
tralia and several European members of 
NATO and the Warsaw Pact; about 100 
countries are expected eventually to 
subscribe to it. 

Two countries refused to sign. France, 
which considers a nuclear capability an 
essential element of an independent 
foreign policy, has already tested atom
ic weapons and is reported to be prepar
ing for its first thermonuclear test in the 
South Pacific. China, which is develop
ing atomic weapons without Soviet as
sistance, denounced the treaty as a bar
gain between the U.S.S.R. and the "im
perialists" to monopolize nuclear weap
ons and warned that the monopoly 
would be broken "in the not too distant 
future." 

The Technical Society 

�out 2.7 million persons are working 
in science and technology in the 

U.S. , and the proportion "has increased 
faster for several decades than has either 
the population or the labor force," re
ports a survey published by the National 
Science Foundation. The foundation de
scribes the survey, entitled Profiles of 
Manpower in Science and Technology, 
as "a national summary, in broad cate
gories, of numbers of persons working 
as specialists" in those fields. 

Breaking down the total, the survey 
finds that about 500,000 persons are 
working as scientists (the category in
cludes social scientists with the exception 
of historians), nearly a million as en
gineers, a million as technicians and 
250,000 as teachers of science and math-

© 1963 SCIENTIFIC AMERICAN, INC



THE CITIZEN 
ematics in secondary schools. These 
workers account for about 3.6 per cent 
of the civilian labor force; the pro
portion was about 1.5 per cent in 1940 
and is expected to increase to 4.7 per 
cent by 1970. 

Among the facts the survey reports are 
that in 1960 the Government paid for 
the work of about 60 per cent of the sci
entists and engineers engaged in re
search and development, although most 
of them worked outside the Government; 
that "the population of scientists and en
gineers is made up largely of persons in 
middle brackets [30 to 45] of age," and 
that half of the scientists and engineers 
work in six states: California, New York, 
Pennsylvania, JIlinois, Ohio and New 
Jersey. 

No Moon Race? 

The British radio astronomer Sir Ber-
nard Lovell, who has Just returned 

from a 12,000-mile tour of Soviet space
tracking stations and radio observatories, 
has reported that the U.S.S.R. is not 
planning to send a man to the moon. 
"The Americans are racing themselves," 
he told British reporters. Lovell gained 
the impression that Soviet space experts 
are not convinced that it is scientifically 
or otherwise desirable to place a man on 
the moon in the foreseeable future. They 
believe they can gain just as much in
formation by sending instruments, and 
they see two grave obstacles to a manned 
lunar flight. The first is protecting 
astronauts from the intense radiation 
that might be produced by a sudden 
solar flare. The second is getting them 
safely back to earth. 

What the U.S.S.R. hopes to do within 
the next five years, said Lovell, is to 
launch a space observatory that would 
carry a 36-inch telescope and two 
astronomers. The vehicle would be kept 
aloft Rve or six days at a time. The tele
scope is the same size as the one the 
U.S. plans to launch into orbit next year 
without human observers [see "Observa
tories in Space," by Arthur I. Berman; 
SCIENTIFIC AMERICAN, August]. 

Passamaquoddy Revived 

The Kennedy Administration has re
vived the 44-year-old dream of har

nessing the tides of Passamaquoddy Bay 

This fully·automatic. in·line plant for high tonnage production of freeze· 

dried foods is nearing completion. It's a Stokes unit ... the first of its kind. 

Freeze-drying ... new frontier 
for food technology 

Preserving foods by freeze

drying provides an effective 

answer to a long-standing prob

lem of food technologists: How 

to process perishable foods for 

room-temperature storage 

without losing nutritional value 

or destroying flavor and texture. 

As a result of close cooperation 

between the food industry and 

Stokes vacuum specialists, flex

ible, high-production freeze

drying systems are processing 

seafoods, poultry, dairy prod

ucts, meats, fruits, and vege

tables for leading food com

panies. Equally exciting is the 

development of freeze- drying 

for fruit juices as well as coffee 

and tea concentrations. 

Stokes has been highly suc

cessful in applying new high

vacuum techniques to the solu

tion of modern-day problems 

in other industries. If you would 

like to learn how vacuum can 

be applied most profitably to 

the vacuum deoxidation of 

metals, to vacuum impregna

tion or metallizing, to quantity 

drying of chemicals and other 

granulated solids, or to any 

other process which can be 

carried out more effectively 

under high-vacuum conditions, 

call or write Vacuum Equipment 

Division, F. J. Stokes Corporation, 

5500 Tabor Road, Philadelphia, 

Pa.19120. 

STOKES 

F. J. STOKES CORPORATION: PHILADELPHIA / LONDON / TORONTO 
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NOW FROM 
A 

'-Hj·'·W.IJO.itCik' « .� , 

3 simple steps to 
automatic, precise 

temperature testing 

1 select a Delta chamber 

10SOW 

Choose from 15 well-proven models. -200'F 
to+SOO'Fwith reliable control to ±1f.'F ... 
0.14 to 5.8 cu. ft. test volumes • • •  go from 
70'F to -S5'F in 11f. to 8 min.; to 500'F 
In S to 35 min. (depending upon model) • • •  
'extremely compact •

. 

2add fixtures or drawers 

6WG m SOWD 

TIT SOWD - SpeCially designed for reliable 
electrical connection and switching when 
testing transistors, diodes, etc. 

SWG - A wide variety of quickly changed 
drawers and doors for handling test speci· 
mens. 

3 plug in programmers 

; •• J�) 
MR-2 

To save you time and improve testing, Delta 
Design offers the widest range of equipment 
for automating temperature testing. Exam· 
pIes: MR-1 cycles between any high and low 
for thermal shock testing • • •  MR-2 also cy. 
cles to ambient, as in MIL STD 2028 testing 
• • •  MR-3 programs the rate of temperature 
change, using an easily changed program 
cam. 

Contact your NLS 
office for the new, complete 

Delta DeSign catalog. 

PRODUCTS MANUFACTURED BY DELTA DESIGN, INC., ARE NOW SOLO AND 

8[RVICEO !lY NON-LINEAR SYSTEMS.INC: .... NO liNI.$ FACTORY OfFICES 
LOCATED THROUGHOUT tHE u.s. 

A� non-linear systems, inc. '1iIi' Del Mar, California 
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PHONE: 755-1134 Area Code 714 TWX: 714-277-3191 

to produce electricity_ In a report to 
the President, Secretary of the Interior 
Stewart L. Udall outlined a $1 billion 
project that he said would be "economi
cally feasible." The President endorsed 
the plan and directed the Department of 
State to begin the negotiations with 
Canada that will be necessary to advance 
the project. 

Passamaquoddy Bay lies between 
Maine and New Brunswick. It is an arm 
of the Bay of Fundy, which has the 
greatest rise and fall of tides in the 
world; along the Nova Scotia coast the 
range between high and low tides is as 
much as 50 feet. In 'Quoddy the range 
is 12.7 to 26 feet and the average 18.1 
feet. The hydroelectric possibilities arise 
from the fact that Passamaquoddy and 
its southerly arm, Cobs cook Bay, are al
most sealed off from Fundy and from 
each other by islands. Through the con
struction of dams and water gates be
tween islands, therefore, each bay could 
be made into a huge pool and its water 
levels could, within limits, be controlled. 
Using such a system, the Udall plan 
would produce power as follows: A high 
tide would be trapped in Passama
quoddy, while Cobs cook would be kept 
at a lower level. At the period of peak 
power demand in the region (5: 00 to 
6: 00 P.M. ) the water would be allowed 
to fall through turbines from Passama
quoddy into Cobscook, prodUCing up to 
a million kilowatts of electricity. 

Dexter P. Cooper, a U.S. engineer, 
proposed in 1919 the first plan for har
nessing the Passamaquoddy tides. The 
idea was a favorite of President Roose
velt's, who watched the tides from his 
summer home on Campobello Island. 
His administration started a Passama
quoddy power project, but the Senate 
cut off funds in 1935 on the grounds that 
the venture was economically unjustifi
able. Officials involved in the recent 
study said that a modified design and 
"an evolution in the power industry" had 
improved the economics. 

If the project materializes (the ap
proval of both Canada and Congress 
will be necessary), it will be a rarity. 
France is constructing a tidal power plant 
in the La Rance estuary off the Gulf of 
St. Malo, and the U.S.S.R. plans to de
velop electricity from Arctic Ocean tides. 
So far, however, there is no tidal power 
system in operation. 

Synchronous Satellite 

The communication satellite SYllcom 
II was launched July 26 and was suc

cessfully guided into a synchronous orbit, 
the first time this feat has been achieved. 

The 86-pound craft was placed "on sta
tion" over the Atlantic Ocean, where it 
appears to trace an elongated figure
eight pattern that extends 33 degrees 
north and south of the Equator along the 
55-degree meridian. Syncom II was 
jockeyed into the desired position at an 
altitude of about 22,800 miles by short 
bursts of hydrogen peroxide. 

Syncom II, built by the Hughes Air
craft Company for the National Aero
nautics and Space Agency, is the third 
type of communication satellite to be 
placed in orbit. The first was the alumi
num-coated balloon, Echo I, launched 
in 1960, which served simply as a pas
sive reflector for signals from earth. The 
second type is represented by the "ac
tive repeaters" Telstar and Relay, which 
travel in fairly low orbits (under 7,000 
miles) and relay signals between two 
points that lie within line of sight as the 
satellite passes over. The third, the syn
chronous type, can provide a continu
ous channel between two line-of-sight 
points. The initial transmitting and re
ceiving stations for Syncom II are Lake
hurst, N.J., and the Army communica
tion ship Kingsport moored at Lagos in 
Nigeria. Syncom II can transmit one 
two-way telephone call, teletype mes
sages or facsimile. Unlike Telstar and 
Relay, it does not have the capacity to 
handle television signals. 

Relay I, launched in December, 1962, 
is still in operation. Telstar I operated 
for five months before quitting in Febru
ary, 1963, apparently damaged by radia
tion produced by a U.S. high-altitude 
hydrogen-bomb test. Telstar II, more 
rugged than Telstar I and placed in a 
higher orbit, was launched May 7. It 
operated for 10 weeks, quit for four 
weeks and inexplicably started working 
again. 

New Role for Interferon 

British workers have found evidence 
that the substance called interferon, 

which protects the living cell against 
virus infection, has the general property 
of protecting the cell from foreign 
nucleic acids. Deoxyribonucleic acid 
(DNA) is the genetic material of living 
cells, and either DNA or ribonucleic acid 
(RNA) serves as the genetic material 
as well as the infective component of 
viruses. When viral nucleic acid enters 
a cell it introduces "instructions" for the 
synthesis of new virus particles. Inter
feron somehow 'prevents these instruc
tions from being carried out. 

InteIferon was discovered in 1957 by 
Alick Isaacs and Jean Lindenmann at the 
National Institute for Medical Research 
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The soybean: hope for a hungry world 
On this planet where two-thirds of an explod

ing population goes to bed hungry every night, 

soy holds out a world of hope. It is high in pro

tein, low in cost. It works its nutritional wonders 

in scores of feeds and foods. Margarine. Shorten

ing. Flour. Baby and pet foods. Ingredients for 

poultry and livestock feeds. 

And this is just the beginning. In ADM's 

Research Center, experiments with soy proteins 

promise to break through into an entire new field 
of foods. Palatable foods that can appease the 

Processors of agricultural and chemical products 

ADM 

world's appetite- at prices the world can afford. 

ADM's leading role in soybean processing 
and research explains our development of world

wide markets. And ADM has a world of other 

interests, ranging from a sperm whale oil station 

in Peru to chemical plants in seven countries 

on three continents. 

Agricultural and chemical processing, here 
and abroad-that's ADM-and we'd welcome an 

opportunity to put these skills and facilities to 

work for you. 

ARCHER DANIELS MIDLAND COMPANY MINNEAPOLIS 40, MINNESOTA 

AGRICULTURAL GROUP DIVISIONS, G rai n' Flour' Soybean ·Alf alfa' Linseed' Proch em • Marin e Oil - Flax Fi ber CHEMICAL GROUP, Vinyl Plasticizers 

Resins - Plastics - Foundry Products-Industrial Chemicals - Specialty Chemica Is - ADM Canada, Ltd. OVERSEAS OPERATIONS, Exports to 

47 nations. Products produced in: Australia· Belgium. Colombia· Holland-Italy· Mexico· Peru· Spain· Sweden -West Germany 
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Compare. 
Compare is a good word for com

parators. In fact, we invite you to 

compare our 14" screen optical com

parators against all others. We think 

you will quickly recognize the ef

ficient de sign and high qualit y  

construction. Yet w e  urge you to 

compare feature for feature. S & Y 

gives you: brilliant optics that pro

ject high contrast images - sharp 

from edge to edge; sales and service 

by a New England manufacturer of 

fine optical instruments; beautifully 

smooth-acting mechanisms; a wide 

selection of precision accessories; 

large capacity staging with pre

loaded ball-bearing mechanical move

ments; surprisingly moderate prices. 

To help you compare, we have 

printed a competitive feature com

parison chart and an article entitled 

"How To Select An Optical Com

parator". There is a free copy of 

each, waiting for your request. 

Write to: 

78 Green St., Marblehead, Mass. 
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in England [see "Interferon," by Alick 
Isaacs; SCIENTIFIC Al'vlERICAK, May, 
1 961]. It is a protein, about three times 
the weight of the insulin molecule, and 
is produced by cells in response to virus 
injection. Studies are still in progress to 
see if interferon, produced in laboratory 
quantities, can be used as an antiviral 
agent. 

Isaacs conceived the hypothesis that 
cells might produce interferon in re
sponse to any foreign nucleic acid. He 
tested the idea by exposing chick and 
mouse cells to chick and mouse RNA. If 
chick cells were treated with chick RNA 
(or mouse cells with mouse RNA), no 
interferon was produced. But if chick 
cells were treated with mouse HNA (or 
mouse cells with chick HNA), interferon 
appeared. It was shown further that 
if the "acceptable" HNA was altered 
chemically, it could be converted into a 
"foreign" HNA capable of stimulating 
interferon production. These studies 
suggest that interferon provides the cell 
with a generalized defense against for
eign nucleic acids that is analogous to 
the defense that antibodies provide 
against foreign proteins. 

Supersupernova Confirmed? 

O ptical evidence has been found in 
support of the hypothesis that the 

strong radio emission of certain galaxies 
may have its origin in titanic explosions 
of "supersupernovae." The possibility of 
such explosions has been discussed re
cently by Fred Hoyle and William A. 
Fowler of the California Institute of 
Technology. They have postulated ao 
explOSion mechanism involving the gravi
tational collapse of an enormous volume 
of gas having one million to 10 million 
times the mass of the sun. \"'hether or 
not such a mass can actually exist as a 
single star is still open to cluestion. Hoyle 
and Fowler have simply offered the 
hypothesis as a way of explaining how a 
strong radio galaxy can emit radio 
energy eClual to the thermonuclear out
put of all its stars. 

Evidence for an explosion of the mag
nitude postulated by Fowler and Hoyle 
is reported in The Astrophysical Journal 
by C. H. Lynds of Kitt Peak National 
Observatory and Allan H. Sandage of the 
Mount Wilson and Palomar Observa
tories. The two workers made a photo
graphic and spectrographic study of ir
regular galaxy M 82, which is a strong 
radio source, and found that great quan
tities of luminous gas are streaming out
ward from the center of the galaxy at 
velocities about a hundredth the speed 
of light. The streaming matter shows up 

as a massive svstem of blight filaments 
that appear to be tangled with magnetic 
lines of force, as if the expanding gas had 
torn some of the galaxy's magnetic field 
out of the galaxy's central plane. The 
filaments have many of the characteris
tics of those found in the Crab nebula, 
the remains of an exploding star in our 
own galaxy that was seen as a supernova 
in A.D. 1054. 

The energy contained in the M 82 
filaments, however, is many orders of 
magnitude greater. Lynds and Sandage 
calculate that the .initial "explosion," 
which may have taken place about 1.5 
million vears ago, put about lO:ifJ ergs of 
energy into a great mass of electron gas. 
The energy is eCluivalent to the total 
emission of about a million supernovae. 
The electrons traveling at high velocity 
in a magnetic field have radiated radio 
and optical noise by the synchrotron 
process ever since the catastrophe. The 
largest stars are believed to have a mass 
no more than about 100 times that of the 
sun; one can only speculate what sort of 
object might have a mass a million times 
that of the sun and what it might look 
like prior to explosion. 

Addicted Cells 

-By inducing addiction to morphine in 
- isolated human cells a UniverSity of 
Michigan investigator has added evi
dence to dispel the widely held belief 
that narcotic drugs give rise to physio
logical dependency in the central nerv
ous system alone. In his experiments at 
the Michigan Medical Center, Cuenter 
Corssen used a chemically treated cul
ture of cells from a cancer of the cervix. 
He found that the cells could not grow 
and function normally without sustained 
doses of the drug. 

\"'hen Corssen and his associate Irena 
Skora cut off the supply of morphine, 
the cells stopped growing, their uptake 
of oxygen dropped off, their shape 
changed and slivers of protoplasm 
emerged from their formerly smooth 
walls. Time-lapse photomicrographs re
vealed that renewed administration of 
the drug within two or three days after 
withdrawal symptoms began could re
store the healthy functioning of the cells. 
Corssen has now begun to work with 
freshly extracted human epithelial cells 
and will study the effects of morphine 
withdrawal on respiration and the genet
ic material. 

Other studies of addiction at the cel
lular level have been made by Eric J. 
Simon of the New York U niversi ty School 
of Medicine. In a recent issue of Nature 
Simon reported that morphine and cer-
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HOOKER RESEARCH REPORTS 
• Phosphonitrile chlorides 
• Dechlorane® 
• Phenylneopentyl phosphite 

CI CI 
"p/ 
It " 

CI N N CI " I II / 
/ p� I P" CI N CI 

(PNCI2h 

Stable skeleton 

CI CI I J CI-P=N-P-CI I , II 
N N 
II I 

CI-P-N=P-CI I 1 CI CI 
(PNCI2)4 

You'll have to be tough about it if 
you want to disturb the P-N bonds 
in phosphonitrile chloride structures 
-they are very stable to chemical 
attack. 

The sturdy skeletons and the pos
sibility of substituting other groups 
for the chlorine atoms give you an 
opportune place to start the synthe
sis of novel compounds that might 
find use as pharmaceuticals, pesti
cides, dyes, polymers, functional 
fluids, etc. 

Large numbers of derivatives have 
been prepared by replacing the Cl 
atoms with various groups. Primary 
and secondary amines react smooth
ly. Alcohols, phenols, aromatic poly
hydroxy compounds and imines will 
each form reaction products. Many 
hexa-substituted derivatives of the 
trimer have been reported and char
acterized. 

We think a big range of heat-re
sistant materials may evolve from 
the phosphonitrile chlorides. 

We don't have what you'd call an 
ample flow of the tetramer, but we 
can provide you with research quan
tities of these colorless crystals. 

Although known for many years, 
only recently have phosphonitrile 
chlorides become available in devel
opment quantities. You can order 
the trimer (95% minimum purity) 
and a mixture of about 80% trimer 
and 20% tetramer in pilot plant 
quantities. 

Just check and send us the coupon 
for details. 

Create a safer plastic 
The photo shows two plastic strips
the right one is burning and drip-

ping. The left one doesn't drip when 
a flame plays on it-stops burning 
when you take the flame away. A 
new, stable, chlorine-rich chemical 
added to the polymer provides fire 
retardance without affecting elec
trical properties. 

Trade-named Dechlorane® (U. S. 
Pat. 2,996,553) , Hooker's perchloro
pentacyclodecane has a unique box
like structure with 78.3% chlorine 
that may suggest interesting ideas to 
the creative chemist-possibilities in 
polymer and elastomer applications. 

Other possible applications in the 
area of pyrotechnic formulations, 
such as tracer shells and flares, are 
being investigated. 

Dechlorane is currently available 
in semicommercial quantities. For 
information on physical properties, 
solubility and other data, please 
check and mail the coupon. 

u.s. Patent 2,834,798 
This is the structure of phenylneo
pentyl phosphite, our patented new 
intermediate for synthesis with such 
common reagents as organic halides, 
halogen acids and organic acids. 

It is a potential stabilizer of plas
tics and fluid systems, and of inter
est as a reactive intermediate in 
polymerization reactions. 

You can open the cycloalkyl ring, 
if you like, through Arbuzov-type 
reactions. The phenyl group is re
movable by hydrolysis, giving you 
neopentyl phosphite. 

Phenylneopentyl phosphite is a 
water-white liquid with a typical 
boiling point of 138-140°C at 10mm 
and a melting point of 19°C. We dis
till it to > 98% purity. 

You can buy it in semi commercial 
quantities. If you'd like to get more 
information, just check the coupon. 

r-----------------------------------l 
FOR MORE INFORMATION, CHECK HERE AND MAIL WITH NAME, TITLE, 
AND COMPANY ADDRESS: 

o Phosphonitrile chlorides 

o Dechlorane 

o Phenylneopentyl phosphite 

For complete product listing, see Chemical Materials 
Catalog or Chemical Week Buyers' Guide. 

Sales Offices: Boston Buffalo Chicago Detroit Los Angeles 

New York Niagara Falls Philadelphia Tacoma. 

In Canada: Hooker Chemicals limited, North Vancouver, 8.C. 

HODKER 
CHEMICALS �, 

PLASTICS 

HOOKER CHEMICAL CORPORATION 
2609 FORTY-SEVENTH STREET . NIAGARA FALLS, NEW YORK 

L __________________________________ _ 
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Programs 
for action 

88 

Economic development projects by Arthur D. Little, Inc. 
... provide scientific, engineering and management counsel to assist 
public and private groups in furthering technological and economic 
development in the United States and throughout the free world, 

•••••••••••••••••• 
ARGENTINA: Evaluation of Industrial Development Problems. BRAZIL: Invest
ment Opportunities for Brazilian Capital. CANADA: Development of Manitoba Fish· 
ing Industry; Continuing Program of Technical and Management Assistance for 
Newfoundland; Economic Survey for Nova Scotia. CENTRAL AMERICA:Technical 
Services for Development Bank . COLOMBIA: Appraisal of Organic Chemical 
Opportunities. GREECE: Investment Opportunities in Food Processing for Export 

• HAITI: Appraisal of Export Opportunity for Agricultural Products. HONDURAS: 

General Advisory Services· INDIA: Industrial Advisory Services. IRAQ: Compre
hensive Industrial Development Program. JAMAICA: Preliminary Survey of Indus
trial Development Opportunities • JAPAN: Process and Market Developments 
• KOREA: Review of Five-Year Economic Development Plan. KUWAIT: Natural Gas 
Utilization Study . MEXICO: Determination of Financial Requirements for Small 

and Medium Industry. NEW ZEALAND: Improvement of Profitability in the Paper 
Industry . NIGERIA: Comprehensive Industrial Development Program. NORTH. 

ERN IRELAND: Program for Attracting Investment • NORWAY: Investment 
Based on Low·Cost Power. PAKISTAN: Economic Utilization of Natural Gas. PERU: 

Program for Industrial and Regional Development . PHILIPPINES: Agricultural 
Credit Assistance Program. TANGANYIKA: Development of Cashew Nut Process
ing • TURKEY: Paper and Rayon Industry Feasibility Studies. UNITED NATIONS: 

Mathematical Model of Industrial Feasibility. UNITED STATES: Economic Develop
ment Projects in Alabama, Alaska, California, Colorado, Florida, Georgia, Illinois, Iowa, 
Louisiana, Maine, Michigan, Mississippi, New Hampshire, New York, North Carolina, 
North Dakota, Ohio, Oklahoma, Rhode Island, South Carolina, Texas, Washington, 
West Virginia, the Commonwealth of Puerto Rico, the New England Region, and the 
Connecticut and Ohio River Valleys • VENEZUELA: Industrial Projects for the 

Guayana Region. 

•••••••••••••••••• 
Arthur D. Little, Inc. - an industrial research firm established in 1886 
- employs a staff of 700 professionals experienced in technology, 
science, engineering, economics, marketing, finance and manage
ment. During the last year, they have wor

'
ked on projects in 37 countries. 

Inquiries for more specific information on ADL's capabilities will be 
welcomed by Mr. William A. W. Krebs, vice-president in charge of 
Economic Development. 

�rthUt 1ll.1Littl�,lInt. 
CONTRACT RESEARCH. ENGINEERING. MANAGEMENT CONSULTING 

54 Acorn Park, Cambridge 40, Massachusetts 
CHICAGO . NEW YORK . SAN FRANCISCO . SANTA MONICA . WASHINGTON 

TORONTO. MEXICO CITY. ZURICH. EDINBURGH. LONDON 

tain of its analogues, notably levor
phanol, inhibit the growth of the intes
tinal bacillus Escherichia coli. Treatment 
with levorphanol, Simon found, reduces 
the rate at which the bacterium can syn
thesize ribonucleic acid (RNA). 

The Sins of Isaac Newton 

Two pagcs of shorthand notes, discov
- - ered in the Fitzwilliam Museum of 

the University of Cambridge, have pro
vided a rare glimpse into the private life 
and conscience of Isaac Newton. The 
notcs, composed by Newton in 1662 
when he was 19 years old and in his sec
ond year as a student at Cambridge, are 
set down in a shorthand script invented 
earlier in the 17th century by Thomas 
Shelton; the same system was used by 
Newton's contemporary Samuel Pepys 
in keeping his famous diary. The New
ton manuscript consists of a catalogue 
of sins divided under two headings: 
those committed "before Whitsunday 
1662" and those committed "since 
Whitsunday 1662." 

"Triting in a recent issue of Notes and 
Records of the Royal Society of London, 
Richard S. Westfall of Grinnell College 
points out that the sins of Newton's 
youth were "neither salacious nor sensa
tional" and that "anyone who might 
hope for a Pepysian passage, thinking 
that Newton's austere figure would be 
humanized in being besmirched, must be 
disappointed." Nonetheless the total 
confession, which comprises 58 items, 
shows a revealing preponderance of en
tries involving sins of anger; as Westfall 
notes, thesc may be read as a forecast 
of Newton's celebrated yuarrels over 
priority in many of his discoveries and 
inventions. The earliest entry in the 
notes ("Threatening my father and 
mother Smith to burne them and the 
house over them") is a fair example of 
this type. Since Newton's stepfather 
Barnabas Smith died when the boy was 
11 years old, the notes would appear to 
cover all the sins the 19-year-old student 
could recall from his past life. Other 
entries involving Newton's family and 
friends rcveal his own estimation that a 
lluick temper was his most persistent 
vice: "Wishing death and hoping it to 
some; Striking many; Beating Arthur 
Storer; Punching my sister; Putting a pin 
in John Key's hat to pick him; Calling 
Dorothy Hose a jade; Peevishness with 
my mother . .. with my sister ... at Mas-
ter Clark . .. " The character that emerges 
from the notes, concludes \Vestfall, is 
that of "a wholly unsophisticated pro
vincial puritan-which is, of course, what 
we should have expected." 
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If you do business 
In IAfrica I 
talk to the people 
at Chase Manhattan 

For the past] 6 years Vice President 
William H. Beatty, Jr., has been part 
and parcel of the economic and political 
development of growing nations. 

A key figure in Chase Manhattan's fi
nancial pioneering from the Far East to 
the Americas, William Beatty has earned 
a reputation for being among the first 
on the frontiers of national develop
ment. With this background he has 
logged a knowledge in depth of Africa's 
practical trade problems, and acquired 
a real intimacy with its people and their 
financial needs. 

To businessmen who want to expand 
to Africa, William Beatty'S experience 
and knowledge can be of great help. So, 
too, can Chase Manhattan's African 
branches which locally implement the 
financial planning provided by William 
Beatty and his International Depart
ment staff. 

Certainly it will be well worth your 
while to talk to the people' at Chase 
Manhattan about your African inter
ests. All you need do is write to Inter
national Department, The Chase Man
hattan Bank, I Chase Manhattan Plaza, 
New York 15, N. Y., or call LL 2-2222 
any time. 

THE 
CHASE 
MANHATTAN 
BANK 
Member Federal Deposit Insurance CorporatiOIJ 
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More mouths to feed every year. 
Who'll help grow the food to feed them? 
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Most of the human race is still poorly fed, and the world form that practically guaranteed even distribution. Half 
is producing people much faster than food. BY,:.1970, world the -bulk of ordinary fertilizers. Much easier to apply.) 
population will have zoomed another half billion. The They hit the road to coax the farmers out of their preju-
earth must be helped to do its share. dices. Soon this new Ammo-Phos® was helping the U.S. 

The earth is learning to produce more, �I. farmer produce more wheat, more corn, 
partly because of a bold move fifteen _ _ n more beans per acre than he'd ever 
years ago. During World War II, the " I thought possible. 
U.S. Government urged the chemicals Today, Olin is selling the fertilizer-
industry to develop a high analysis fer- and the facts - to farmers almost every-
tilizer to boost our farm yield. But there was one hitch. where in the free world. Ammo-Phos® is being applied by 
Our farmers were pretty "sot" in their ways; how could hand, by machine, even by airplane (over flooded rice 
they be persuaded to buy the stuff? The Chemicals Divi- fields,for instance). Wherever it goes, more food grows. 
sion of Olin took on the job. Olin not only developed the And fewer people go hungry. • Another creative solution 
new-type fertilizer. (Ammonium phosphate in a pellet to a problem _ .. from the Chemicals Division of Olin. 

OLIN MATHIESON CHEMICAL CORPORATION, 460 PARK AVENUE, NEW YORK . CHEMICAlS. INTERNATIONAL. METAlS . ORGANICS. PACKAGING. SQUIBB. WINCHESI'ER-WESTERN 
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WATER 

lVlen need water to drink and for n1any other pu rposes. but by far the 

largest an10unt of ,vater 

Agai n 1 he basic need 111 

they haye available n1llst go to agriculture. 
of water is education 

Did YOll ever hear of Sweet Betsy 
from Pike 

vVho crossed the wide prairie tdth her 
lover ike? 

The alkali desert was hurllillg and hare 
Alld Ike got disgusted with everythillg 

there. 
They reached California with salld 

ill their eye, 
Sayillg, "Good-hy Pike COUllty, tce'll 

stay till we die." 

This bleary and partly unprintable 
ballad of the 1850's marks the time 
when most Americans first became 

aware of the problems of water in na
tional development. In northern Europe, 
where most of their ancestors had lived, 
there had always been plentv of water;  
in the eastern U.S., where thev had 
learned to farm, abundant rain supplied 
all the water needs of their crops. But 
when the pioneers crossed the Missouri 
Hiver, they came to an arid country 
where water was more precious than 
land: its presence meant life, its absence 
death. 

Today water problems are part of thc 
national consciousness, and most Ameri
�ans are aware that the future develop
ment of their country is intimately re-

MULTIPURPOSE DAM at Watts Bar, 

Tenn., appears in the aerial photograph on 

the opposite page. The blue lake at left is 

formed where the dam halts the Tennessee 

River. Spilled back to river depth beyond 

the dam, the water regains a slate-gray hue. 

The turbulent area at lower right is caused 

by the flow of water through the square

capped hydroelectric generators. At bottom 

cent", is a power-distribution station. At top 

is the lock that enables shipping to pass 

the dam_ The ribs in the dam are spill. 

ways, which here are closed. They can ad

just the lake level to help eontrol Hooding. 

the proper utilization 

lated to the wise use of water resources. 
The same obviously holds true for the 
less developed countries. The water 
problems of the U .S. and the poorer 
countries are fundamentallv similar, but 
they also differ in significant wavs. 

Water is both the most abun dant and 
the most important substance with 
which man deals. The quantities of water 
required for his different uses varv over 
a wide range. The amount of drinking 
water needed each vear bv human be
ings and domestic animals is of the order 
of 10 tons per ton of living tissue . In
dustrial watcr requirements for washing, 
cooling and the circulation of m aterials 
range from onc to two tons per ton of 
product in the manufacture of brick to 
250 tons per ton of paper and 600 tons 
per ton of nitrate fcrtilizer. Even the 
largest of these quantitics is small com
pared with the amounts of water needed 
in agriculture. To grow a ton of sugar 
or corn under irrigation about 1,000 tons 
of water must be "consumed," that is, 
changed by soil evaporation and plant 
transpiration from liquid to vapor. 
Wheat, ricc and cotton fiber respectively 
reljuire about 1,500, 4,000 and 10,000 
tons of water per ton of crop. 

W hen we think of water and its uscs, 
we are concerned with the volume 

of flow through the hydrologic cycle ;  
hence the most  meaningful measure
ments are in terms of volume per unit 
time : acre-feet per year, gallons per day, 
cubic feet per second. An acre-foot is 
325,872 gallons, the amount of water 
required to cover an acre of land to a 
depth of a foot. Eleven hundred acre
feet a year is approximately ellual to a 
million gallons a day, or 1.5 cubic feet 
per second .  A million gallons a day fills 
the needs of 5,000 to 10,000 people in 
a city; 1,100 acre-feet a year is enough 
to irrigate 250 to 300 acres of farmland. 

The total amount of rain and snow 
falling on the earth each year is about 
380 billion acre-feet : 300 billion on the 
ocean and 80 billion on the land. Over 
the ocean 9 per cent more water evapo
rates than falls back as rain. This is bal
anced by an equal excess of precipitation 
over evaporation on land ; consecluentlv 
the volume of water carried to the sea 
bv glaCiers, rivers and coastal springs is 
close to 27 billion acre-feet per year. 
About 13 billion acre-feet is carried 
bv 68 major river systems from a drain
age area of 14 billion acres. Some
what less than half the runoff of liquid 
watcr from the land to the ocean is car
ried by thousands of small rivers flow
ing across coastal plains or islands ; the 
area drained is about 11 billion acres, 
but part of this is desert with virtuallv 
no runoff. 

Eight billion acres on the continents 
drain into inland seas, lakes or playas. 
This includes most of the earth's six bil 
lion acres of desert and also such rela
tively well-watered areas as the basins of 
the Volga, Ural, Amu Darya and Syr 
Darva rivers, which transport several 
hundred million acre-feet of water each 
year into the Caspian and Aral seas. The 
remainder of the land surface, about four 
billion acres, is covered by glaciers. 

Even agriculture, man's principal con
sumer of water, takes little of the avail
able supply. A billion acre-feet per year 
-less than 4 per cent of the total river 
flow-is used to irrigate 310 million acres 
of land, or about 1 per cent of the land 
area of the earth. Houghly 10 billion 
acre-feet of rainfall and snowfall is 
evaporated and transpired each year 
from the remaining three billion acres of 
the earth's cultivated lands and thus helps 
to grow mankind's food and fiber. Most 
river waters flow to the sea almost un
used bv man, and more than half of  the 
water �vaporating from the continents-
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HYDROLOGIC CYCLE for the U.S. shows the fraction of annual 

precipitation used in a highly developed nation. Twenty-nine per 
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cent of the rainfall arrives at the oceans (bottom) via stream flow; 

71 per cent falls on various types of nonirrigated land, returning 
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directly to the atmosphere (top) by transpiration and evaporation. Water withdrawn for 

irrigation, industry and municipal use is shown at left to constitute only 7.3 per cent of total. 

particularly that part of the evaporation 
taking place in  the wet rain forests and 
semihumid savannas of the Tropics
plays little part in human life . 

j\lthough it is not usually reckoned as 
such in economic statis tics, water 

can be considered a raw material.  I n  the 
U .S. the production of raw materials 
has a minor role in the total economy, 
and water costs are small even when 
compared with those of other raw mate
rials . The cost of all the water used by 
U .S. householders, industry and agricul
ture is around $5 billion a year : only 1 
per cen t of the gross  national product. 
The less developed countries, where raw 
materials are a major component of the 
economy, cannot afford water prices 
that would be acceptable in the U .S. 

In  the U .S. water costs $10 to $20 
an acre-foot, compared with wholesale 
prices of $22,000 an acre-foot for petro
leum, $100,000 an acre-foot for milk and 
$1 million an acre-foot ( not counting 
taxes ) for bourbon whiskey.  The largest 
tanker ever built can hold less than 
$1,000 worth of water. Yet Americans 
use so much water-about 1,700 gallons 
a day per capita-that capital costs for 
water development are comparable to 
other kinds of investment. Although 
the water diverted from streams and 
pumped from the ground is equivalent 
to only about 7 per cent of the rain and 
snow falling o n  the U .S.,  this i s  still an 
enormous lJuantity : 200 times more 
than the weight of any other m aterial 
used except air. The annual capital ex
penditure for water structures in the U .S. 
-dams, community and industrial water 
works, sewage-treatment plants, pipe
lines and drains, irrigation canals, river
control structures and hydroelectric 
works-is about $10 billion. 

One of the most critical water prob
lems of the U .S.  is represented by the 
vast water-short region of the Southwest 
and thc high Western plains .  In  some 
parts of the Southwest water stored un
derground is being mined at an alarm
ingly high rate, and new sources must 
soon be found to supply even the present 
population .  The average annual supply 
of controllable water in the entire region 
is 76 million acre-feet. If agriculture con
tinued to develop at the present rate, 98 

to 131 million acre-feet would be re
lJuired bv the year 2000. Provided that 
the neighboring water-surplus regions 
could be persuaded to share their abun
dance, this deficit could be met by long
distance tran sportation of 22 to 55 mil
lion acre-feet per year. But the annual 
cost would be $2 billion to $4 billion, or 
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$60 to $100 per acre· foot of water, in
cluding amortization of capital costs of 
$30 billion to $70 billion. The cost per 
acre-foot would be too high for most 
agriculture, although not too high for 
municipal, industrial and recreational 
needs. 

Nath aniel Wollman of the University 
of New Mexico and his colleagues have 
shown that the average value added to 
the economy of the Southwest through 
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the use of water in irrigation is only $44 

to $51 an acre-foot, whereas the value 
gained from recreational uses could be 
about $250 an acre-foot and from in
dustrial uses $3,000 to $4,000 an acre
foot. Because the quantities of water 
consumed by city-dwellers and their in
dustries are much less than those in 
agriculture, the arid Western states 
would not require such a vast increase 
in future supply if they shifted from 

e • .., o 
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a predominantl:-, agricultural to a pre
dominantly industrial economic base. 

The value of water in the water-short 
regions of the U.S. that are in a phase 
of rapid economic development increases 
more rapidly than the cost. Even high
cost water is a small burden on the gross 
product of a predominantly industrial 
and urban economy, and high water 
costs are only a small economic disad
vantage . This is easily overcome if other 

, 
\ 

I 

\ 

MAJOR RIVERS carry water to the oceans at rate of more than 

II billion acre-feet every year, but even in the U.S. less than a 

quarter of this flow is diverted by man for his own purposes. Key 

at Jower 1eft distinguishes areas by amount of precipitation they 
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conditions, such as climate, happen to 
be propitious. 

Throughout the country favorable 
benefit-to-cost ratios can usuallv be at
tained from relatively high-cost multi
purpose water developments for cih· 
residents, industry, irrigation agricul
ture, the oxidation and dispersal of mu
nicipal and industrial wastes, tbe gener
ation of hvdroelectric power, pollution 
control, fish and wildlife conservation, 

;#-1: . • .  

j 

navigation, recreation and Hood control. 
In the less developed countries water 

development bv itself does not produce 
much added value for the present eCOI1-
on1\'. �funicipal and industrial water re
quirements are much smaller tban they 
are in the U.S., and the immediate water 
needs are chieHv for agriculture, which 
calls for about the same amount of water 
in any warm region .  �10st of these coun
tries have a low-Yielding subsistence 

/ 

agriculture that brings in very little 
cash per acre-foot of water, and their 
farmers can afford to pay only a few 
dollars per acre-foot. Development of 
water resources must be accompanied 
bv other measures to raise agricultural 
vields per acre-foot and per inan-hour, 
and in general to increase the economic 
value of water. 

One means of coping with water prob
lems in both the U.S. and the less de-

; i 
01 

�j 
/ 

receive each year. Several regions where the average annllal 

precipitation is less than 10 inches (white) can be seen to lie 

close to large rivers. Plans ror overcoming the aridity or Egypt 

and (·entral Russia call ror giant dams on the Nile and the Ob. 
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vel oped countries is to improve the pres
en t rather low efficiency of water use. 
Here much could be done by effective 
research. For example, about half the wa
ter provided for irrigation is lost in trans
port, and less than half the water that 
reaches the fields is utilized by plants . 

New mulching methods are already 
being applied to reduce evaporation 
from soil surfaces, thereby making more 
water available for transpiration by the 
plants. Through research on the phys
iology of water uptake and transport in 
plants, and on plant genetics, transpira
tion could probably be lowered without 
a proportional reduction in growth. De
velopment of salt-tolerant crops would 
reduce the amounts of irrigation water 
needed to maintain low salt concentra
tions in the solution around the plant 

60 
X
· - . 

. . . . . . '  

roots. The loss of water by seepage from 
irrigation canals and percolation from 
fields would be lowered by the develop
ment of better linings for canals :1nd 
better irrigation practices. Losses from 
canals would also be reduced if we could 
learn how to control useless water-loving 
plants that suck water through the canal 
banks and transpire it to the air. 

In arid regions the runoff from a large 
area must be concentrated to provide 
water for a relatively small fraction of the 
land, and techniques are needed to in
crease the proportion of total precipita
tion that can be concentrated. Develop
ment of such techniques requires re
search on means of increasing the runoff 
from mountain areas ( for example, by 
reducing evaporation from snow fields 
and modifying the plant cover in order to 

:"::'. . " ,  
:'J: "" :::·:·:.;'f:" : .. :':��"O" ":":\;" -.....::-....--.. ",,-..-

"';'}0)7'(;'\ ..... ,;::."."'� ,,;,i:�jj '�tJ 
70 80. 

reduce transpiration) and on methods 
for accelerating the rate of rech arge of 
vallev aquifers. 

Fin ally, water problems could be dealt 
with by steps that-in contrast to th ose 
seeking to make better use of existing 
supplies-sought to increase the total vol
ume of fresh water. Here research moves 
011 two fronts : attempts to modify pre
cipitation patterns by exerting control 
over weather and climate, and develop
ment of more economical methods of 
converting sea water or brackish water 
to fresh water. The ability to control 
weather and climate, even to a small 
degree, would be of the greatest im
portance to human beings everywhere. 
Whether or not a measure of control 
can be obtained will remain uncertain 
until we understand the natural proc-

90 

DAMS 
-I COMPLETED 
... UNDER CONSTRUCTION 

PLANNED 
100 

OB-YENISEI PROJECT calls for huge dam on the Ob, creating 

an inland sea five-sixths the size of Italy. Canal would link Ob 

and Yenisei rivers so that 12.5 per cent of the water now flowing 

unused to the Arctic would irrigate the central Soviet steppes. 
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esses in the atmosphere much better 
than we do now. As for desalination, this 
could be accomplished more economical
ly than at present if the amount of energy 
required to separate water and salt could 
be reduced or the cost of energy lowered. 
Research on the properties of water, salt 
solutions, surfaces and membranes is 
fundamental to the desalination prob
lem. So is research aimed at lowering 
energy costs. 

We know too little to be able to make 
more than a rough appraisal of the po
tentialities of water-resources develop
ment for agriculture in the less devel
oped countries. The modern technology 
of irrigation engineering, drainage, 
sanitation and agricultural practice is 
quite different from that which deter
mined patterns of land and water use 
in the past. At the same time tcchnology 
is almost completely lacking for expand
ing productive agriculture in  the areas 
of most abundant water and almost un
used lan d: the humid Tropics . Our con
cern should be not only to find wavs of 
increasing total production in order to 
feed and clothe the world's expanding 
human population but also to raise pro
duction per farm worker, that is, to 
raisc living standards. A world-wide 
strategy for development of land and 
water will re(luire a careful analysis of 
existing knowledge, region by region, 
together with field surveys and experi
mental research in each region by ex
perienced and imaginative specialists .  

In humid areas agriculture is limited 
on ly bv the extent of good lan d ;  in arid 
lands water is the absolute limiting 
factor. Unless climates can be modified 
or sea water can be cheaply converted 
and economically transported, the area 
of arable land in the arid zone will al
ways exceed the available water. At 
present, however, neither surface nor un
derground waters are fully utilized, 
either for double-cropping in pres£ntly 
cultivated lands or for bringing new 
land under cultivation. 

In addition to improving the utiliza
tion of water and increasing agricultural 
yields other problems that contributed 
to the destruction of desert civilizations 
in the past must still be overcome in 
arid land development. Among them is 
the fact that the spreading of water over 
large areas provides a fertile ground 
for human diseases, such as malaria and 
bilharzia, and for plant pests. Egyptia;l 
records show an average of one plague 
every 11 years.  Uncontrollable malaria 
might well have been the cause of the 
mysterious disappearance of the great 
civilization of the cities M ohenjo-Daro 
and Harappa, which flourished 4,500 

WATERLOGGED FIELDS near Sargodha in Pakistan reflect leaky canal system and 

inadequate drainage. Cultivated plots can be seen under water in center of photograph. 

When it evaporates, the water will deter renewed cultivation by leaving salts in topsoil. 

SALINE FIELDS stand out against darker cultivated land in this aerial photograph. The 

related problems of waterlogging and salt accumulation in the soil have made five million 

acres of 'Vest Pakistan's irrigated farmland either impossible or unprofitable to cultivate. 
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years ago in the Indus valley of Pakistan. 
Soil drainage in a nearly level flood 

plain is very difficult and is usually 
neglected, with the result that the water 
table comes close to the surface and 
drowns the roots of most crop plants. 
Water rises through the soil by capillary 
action and evaporates, leaving an ac
cumulation of salt that poisons the 
plants. The related disasters of water
logging and salinity may have caused 
the ruin of the Babylonian civil ization 
in the valley of the Tigris-Euphrates, and 
they are a frightening menace today in 
West Pakistan . 

Another threat is the conflict between 
the sedentary farmers of the plain and 
nomadic herdsmen. The present-day 
Powindahs of yVest Pakistan remind us 
of this ancient conflict . In our own West 

'
the feuds between cattlemen and farm
ers are still a vivid memory. 

In considering the possibilities of 
agricultural development in the world's 
arid lands one thinks first of the famous 
rivers that have played so large a role 
in human history: among them the Nile, 
the Indus and its tributaries and the 
Tigris-Euphrates. 

For thousands of years the Egyptians 
carried out irrigation by allowing the 
Nile waters during flood stage to spread 
in ponded basins broadly over the delta 
and the valley. When the flood subsided, 
the basin banks were cut and the ponded 
water flowed back to the river. The Nile 
and the sun were said to be the prime 
farmers of Egypt. It was thought that 
the river's silt, deposited during the 
annual flood, fertilized the soil. Sun-

dryin g and -cracking, during the fallow 
season before the flood, deeply furrowed 
the soil and killed off weeds and micro
organisms, making plowing unnecessarv. 
The flood arrived in July, reached its 
height in September and subsided quick
ly. The fields were sown in early winter 
with wheat, barley, beans, onions, flax 
and clover. Summer crops were grown 
only on the river levees and in areas that 
contained a shallow water table, where 
water could be lifted by hand from the 
river banks or from wells .  High floods 
left the basins pestilential morasses that 
brought plagues and epidemics. Low 
floods brought famine. 

During the past 140 years this ancient 
system has been transformed. In  1820 

Egypt had reached a nadir, with a popu
lation of only 2.5 million and with three 

. TRA,NSPIRATION 
• 

'" 

E,vAPORATION 

LACK OF DRAINAGE has caused the underground water table 

to rise disastrously in parts of Pakistan. Before construction of 

leaky canals, water approached ground level only near rivers. 

Now water table in many areas is high enough to drown crop roots. 

SALT ACCUMULATES on topsoil in two ways. Underground wa· 

ter rises by capillary action, Jifting dissolved salts that will be 

left behind after evaporation. If farmer uses thin layer of water 

to irrigate topsoil, it will evaporate before percolating down. 

VERTICAL DRAINAGE might solve related problems of salinity 

and waterlogging. Pumped through cased well frol11 underground 

table, as illustrated here, enough water could reach surface for salts 

to percolate down beneath topsoil before full evaporation occurs. 

100 

LARGE·SCALE PROJECT will be required to lower the water 

table. Drainage of a field of one million acres (right) could 

negate seepage from adjacent land. But pumping out a small field 

(le!t) would have no appreciable effect on underground water level. 
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In organization and basic purpose, the 

Westinghouse Baltimore Defense Center 

effectively parallels the agencies it 

serves. It represents a unique concentra

tion of defense and space contract capa

bilities including Systems Management. 

These capabilities embrace all environ-

Defense Center 

Defense Center 

ments, from undersea to deep space. 

They include every activity, from research 

and development to production. But the 

greatest strength is the wealth of scien

tific talent and technical skill in the West

inghouse organization. 

For specific information on how the 

broad capabilities of the Westinghouse 

Baltimore Defense Center can meet your 

requirements, phone or write to: West

inghouse Electric Corporation, P.O. Box 

868, Three Gateway Center, Pittsburgh 

30, Pennsylvania. You can be sure ... 

if it's Westinghouse. 

We never forget how much you rely on Westinghouse 
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Need a dry liquid? 
Moisture in an organic liquid is a contam

inant which must be removed or reactions 

go haywire_ A tiny amount of water can 

upset a process and end products come 

out wrong_ Lectrodryer provides equip

ment capable of drying those liquids to an 

extremely low dewpoint. And where gases 

are to be liquefied for super-cold cryogenic 

work, Lectrodryers dry those gases and 

head off trouble there_ Any moisture prob

lems? Put them in the laps of the engi

neers at Pittsburgh Lectrodryer Division, 

McGraw-Edison Company, 336 32nd St., 

Pittsburgh 30, Pennsylvania_ 
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million cultivated acres. This date 
marked the beginning of perennial canal 
irrigation and widespread planting of 
summer crops, including cotton, corn, 
rice and sugar cane as well as the tradi
tional winter crops.  Low dams called 
barrages were built across the river; the 
water backed up behind these structures 
was diverted through large new canals 
that Rowed the year round. By 1955-

1956 the cultivated area had increased 
to 5.7 million acres and the intensity of 
cultivation to 177 per cent ; that is, more 
than 10 million acres of crops were har
vested.  Salinitv and waterlogging be
came serious menaces in the early part 
of this century, but they have been fairly 
well controlled by an extensive drainage 
system. Chemical fertilizers are used in 
large amounts and crop yields per acre 
are high, even though the Nile silt no 
longer settles on the fields but is deposit
ed back of the barrages . Sufficient food 
is grown to feed the present population 
of 27 millio n .  From the standpoint of 
crop yields per acre, although not per 
man, Egypt is a developed country. 

The average annual Row of the Nile 
is 72 million acre-feet, but it is occa
sionally as high as 105 million acre-feet 
or as low as 36 million. If all the average 
flow could be utilized, it would be 
enough to irrigate 12 to 15 million acres 
on a year-round basis . At present the 
area of irrigated land in Egypt is less 
than half that . During the flood season 
much of the water flows to the sea un
used, and during the rest of the year a 
shortage of surface and underground 
water limits the size of the cultivated 
area.  

Now the construction of the Aswan 
High Dam promises to bring the river 
under complete control. The dam will 
have a storage capacity of 105 million 
acre-feet, equal to the highest annual 
flow during the past century. There will 
no longer be a Nile flood ; the tamed 
river will become simply a huge feeder 
canal for irrigation. With the average 
of 55 million acre-feet per year avail
able to Egypt (17 million acre-feet 
from the reservoir is allocated to the 
Sudan ) ,  it will be possible to increase 
the cultivated area in the delta and 
the valley floor by 2.2 million acres, 
or nearly 40 per cent, and to convert .7 

million acres from flood to perennial 
irrigation. Hydroelectric power genera
tion of more than a million kilowatts will 
make power available for pump drain
age, which may increase crop production 
by 20 per cent, and for the manufacture 
of chemical fertilizers . The electric pow
er will also be used to lift water to the 
desert margins of the valley, where it is 

hoped that an additional one to two mil
lion acres can be brought under the 
plow. If all these benefits can be realized, 
total agricultural production in Egypt 
can be increased by 90 per cent, enough 
to feed almost twice the present popula
tion and at the same time provide crops 
for export. 

When Alexander the Great pushed his 
tired armies eastward some 2,300 

years ago, they came at last to an old 
desert civilization on the banks of the 
mightiest river they had ever seen. The 
Aryans, who had preceded Alexander 
by 1,000 years, did not give the river a 
name;  they called it simply the Indus, 
which was their word for river, and they 
named the subcontinent they had in
vaded "India": the land of the river. 

The Indus and its five tributaries of 
the Punjab, together with the flat plain 
through which they flow, are one of the 
major n atural resources of the earth . In 
the Punjab and Sind regions of West 
Pakistan 30 million persons dwell on the 
plain; 23 million make their living from 
farming it. They produce most of the 
food and fiber that feed and clothe nearly 
50 million people. 

The rivers carry more than twice the 
flow of the Nile. Half this water is di
verted into a highly developed system 
of irrigation canals and is used to irri
gate some 23 million acres-by far the 
largest single irrigated region on earth . 
Underneath the northern part of the 
plain lies a huge reservoir of fresh 
ground water, equal in volume to 10 

times the annual Row of the rivers . 
In spite of the great potentialities of 

the plain, the fact is that poverty and 
hunger, not well-fed prosperity, are to
day the common lot of the people of 
West Pakistan. These afflictions are no
where more desperately evident than 
in the farming villages of the country
side. In a country of farmers food must 
be imported to provide the most meager 
of diets ; the gap between food produc
tion and the number of mouths to be 
fed is widening. 

The problem of agriculture in West 
Pakistan is both a physical and a human 
one. It is a problem of land, water and 
people and of the interactions among 
them. One of its aspects is the waterlog
ging and salt accumulation in the soil, 
caused by poor drainage in the vast, 
nearly flat plain, that are slowly destroy
ing the fertility of much of the irrigated 
land. The area of canal-irrigated and 
cultivated land already seriously dam
aged by waterlogging and salinity is 
close to five million acres, or about 18 

per cent of the gross  sown area. Three 
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make corporate cash 
work as hard as you do ! 

Make it earn maximum return 
Business firms all over the U. S. A. and 
around the world have placed reserve 
funds, from $1, 000 to $1 million, with the 
11 Insured California Savings and Loan 
Associations that make up Financial 
Federation.Why? High earnings are one 
important reason. Companies have dis
covered that surplus corporate cash 
placed in checking accounts or invested 
in short term securities just will not pro
duce as high a return as can be obtained 
by placing funds with these assns. Each 
of the assns. currently pays the highest 
prevailing rate of return in its area:  

• One associ ation pays 4.90/0 
• Three associations pay 4.85 0/0 
• Six associations pay 4.80/0 
• One association pays 4.60/0 

Distribution of funds is made to the 
associations currently paying the high
est earnings (unless otherwise specified). 
Any account to $10, 000 is placed with 
the association earning 4 . 9 0/0 .  Accounts 
to $100, 000 will be placed with the first 
$10, 000 going to the association paying 
4 . 9 % ,  the next $30, 000 to the three asso
ciations paying 4 . 85 % ,  and the follow
ing $60, 000 with the six associations 
earning 4. 8 % .  A $110, 000 account will 
be distributed in the same manner with 
the final $10,000 going to the association 
paying 4 . 6 0/0 .  Earnings are compounded 
quarterly and funds recei ved by the 
tenth of any month earn from the first. 

Insure it to $110,000 or more 
Accounts at each of the eleven associa
tions are insured to $10, 000 by the Fed
eral Savings and Loan Insurance Corp. 
. . .  permitting a total $110,000 to be in
sured in one account name. If you should 
open accounts in more than one account 
name, it is possible to insure sums up 
to $1 million or more. Whatever the 
amount, your funds are not subject to 
market fluctuations. 

Have it readily available 
Availability - one of the prerequisites 
for corporate funds - i s  a p articular 
advantage offered by savings and loan 
accounts. Prompt withdrawal service i s  
a tradition with funds quickly and easily 
available when you need them . . .  always 
redeemable at face value. 

Handle it conveniently 
By simply sending one check to Edward 
L. Johnson - president of Financial Fed
eration,owner of the eleven associations 
- funds will be placed with one or more 
of the associations.J ust make one check 
to " Edward L. Johnson for 11 S & L 
Assns. " OR make checks to individual 
associations in amounts you wish and 
mail in one envelope to address below. 

Write for Savings/ Investment Portfolio 
This unmatched combination of high 
earnings, safety, liquidity, and conven
ience is available without brokerage or 
service fee. It is an opportunity that 
should be seriously considered by every 
corporate executive with fiscal respon
sibilities.  For more complete informa
tion, write to the address below. 

COMBINED ASSETS OVER TWO·THIROS BILL ION DOLLARS 

Atlantic Savings, Los Angeles · Coachella Valley Sav
ings, Palm S p r i n g s · Community Savings, Compton · 
La Ballona Savings, Culver Cily · lassen Sailings, Chico 

• Midvalley Savings, M a rysville . Palomar Savings. 
Esco n d i d o · P r u d e n t i a l  S a v i n gs. S a n  G a b r i e l · 

Sequoia SaYings. fresno · Sierra Savinis. San V. 1104', 
Bernardino � Silver Gate Savings, San Diego. �R� 

All associatfon s . re members of Federal Home :: ':' 
loan Bank System with accounts insured by ... " .... 
Federal  S a v i n u  and loan I n s u ra n c e  Corp. "nt" 

For deta i l s ,  write for o u r  Savings / l nvestment Portfol io 

Edward l. Johnson for 11 Insured Savings & Loan Assns. 
Department 980C • 615 So. Flower at Wilshire Boulevard. 
Los Angeles 17,  Cal iforn ia.  
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"When is a 
MAGN ET? 

A Fragmen t of Philosophy /1I volvi/w 
U . b /IIpl reS and Permane1lt Mag1l ets 

A classic baseball story concerns a par
ticu larly tense moment during a 

game
. 

when the batter, after letting a 
steamlng fast ball go by without moving 
the bat from his shoulder, awaited the 
umpire's call with g r o w i ng anxiety. The 
umpire, savouring fu l l y his dramatic mo
m e n t, steadfastly remained silent.  Finally 
the batter could stand it no longer. 

"What is it? " he shouted. "A ball or 
a strike? " 

The umpire j abbed an authoritative 
finger at  the batter. 

"Sonny,"  he said. "A pitch ain't 
110thin' u n til I call  it someth i n ' . "  

Our fee ling regarding permanent 
mag n ets is somewhat similar . . .  they 
are nothing ( beyond rather expensive 
chu n ks of useless material ) until some
body makes them someth ing.  

This "making them someth ing" is  
the charging or e nergizing process. I t's 
our business. And we k now quite a bit 
about it. 

If  you are going to magnetize the 
blade of a knife or screwdriver, holding 
it against another magnet will  do the job 
quite nicely. But i f  you are dealing with 
materials of greater coercive force ( Alnico 
or the barrium ferrite compounds for 
example) and want to take tbem to satura
tion,  or if you are working with complex 
shapes o r  multi-pole magnets, dc or per
manent-magnet tech niques employing the 
normal complemen t  of  laboratory equip
ment simply will not do the job.  

This is w here R F L  comes i n .  We 
offer the industry's broadest selection of  
mag n etics equipment - chargers, ga uss
meters and treaters. 

Of particular in terest is our new 
Model 2470 Magnet Charger, which is 
admirably suited for use in  the R&D lab 
or model shop, as wel l as for prod uction .  
A capacitor-discharge i m p u lse type, this 
charger's low emf output and moderate 
source im peda nce greatly s im plify mag
netizing fixture desig n,  and fixtu res for a 
wide range of magnet types, shapes and 
materials can be built  by the user easily 
and safely. The Model 24 70, combined 
with an RFL gaussmeter and treater, 
forms a complete, versatile m a g n etics 
system for mag netiz i n g, test ing and  stabil
izi n g  experimental, d e v elopme n t a l  or pro
totype perma n e n t  mag nets to fractional
percen tage accuracies. 

I f  you are i n  any way concerned with 
permanent magnets, this new system is 
well worth looking i n to. 

A tec h n i c a l  re port o n  tech n i q ues 
and a p p l i cat ions  of permane nt
magnet charg ing  and sta b i l iz i ng  
has been  p u b l i shed by R F L. A 
copy is yours for the aski ng. 

t1ffi\R. f� �fj!�A�!;������ 
w 30 powerville Road 

£Sl . 1922 Boonton, Mew lersey, U. S. �· 
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other difficulties also beset agriculture : 
shortage of irrigation water, problems of 
land tenure and poor farming practices. 

Although crops can be grown through
out the year, and both a winter and a 
summer growing season are traditional, 
the irrigation canals lose so much water 
by seepage that the amount carried to 
the fields is sufficient to irrigate only 
about half the land during each season. 
Even so, the crops are inadequately ir
rigated, particularly in summer. Much 
of the cropped area receives insufficient 
water to prevent salt accumulation. 

.'vI any of the farmers are sharecrop
ping tenants who have little incentive to 
increase production . Nearly all of them 
struggle with small and widely separated 
plots that multiply the difficulties of 
efficient use of irrigation water an d farm 
animals and gravely inhibit change in 
traditional practices. 

In West Pakistan we have the waste
ful paradox of a great and modern irri
gation system pouring its water onto 
lands cul tivated as they were in the Mid
dle Ages . Plowing is done by a wooden 
plow of ancient design, pulled by under
nourished bullocks. Unselected seeds are 
sown broadcast. Pakistan uses only a 
hundredth as much fertilizer per acre 
as Egypt. 

Careful investigation shows that in 
most  of the Punjab the problems of wa
terlogging and salinity could be cured, 
and at th e same time adequate water 
could be supplied to the crops, by sink
ing fields of large wells to pump the 
underground water and spread it on the 
cultivated lands. Part of the pumped 
water would be carried off by evapora
tion and transpiration and part would 
percolate back into the ground, in the 
process washing the salt out of the soil. 

If the well fields are too small in 
area, lateral infiltration of underground 
water from the surrounding land will be 
large compared with the rate at which 
the pumped water can evaporate, and the 
process of dewatering will be retarded 
or completely inhibited. For this and 
other reasons each Punjab project area 
should be about a million acres in size . 

Hemoval of salt and provision of ad
ditional water are necessary, but by no 
means sufficient, measures to raise agri
culture in ''''est Pakistan from its desper
ate poverty . Equally essential are chemi
cal fertilizers, higher-yielding seeds, pest 
control, credit and marketing facilities, 
and above all incentives and knowledge 
to adopt better farming practices. The 
job cannot be done all at once ; it is neces
sarv to concentrate on project areas of 
man ageable size. Initial capital costs for 
a million-acre project in the Punjab 

would be of the order of $55 million, in
cluding costs of wells and electrification, 
nitrogen-fertilizer plants, pest-control  
facilities and filling of administrative, 
educational and research pipelines. 

In the Sind region initial capital costs 
would be considerably higher, probably 
between $130 million and $165 million 
per million acres. That is largely because 
the un derground water in most of the 
Sind is too salty to be used for irrigation, 
and drainage is th erefore a more diffi
cult matter than in the Punjab. 

After a few years the minimum net in
crease in crop value in each million -acre 
project in the Punjab could be $5 .5 mil
lion to $60 million a year, equal to the 
capital costs and to twice th e present 
gross production, excluding livestock. 
In the Sind th e net increase, including 
livestock, could probably be at least 
equal to the present output. 

The same interrelated problems of wa-
ter, land and people that affiict tbe 

Indus plain also exist in the valley of the 
Tigris-Euphrates, but on a much smaller 
scale. Salty soil is found over large areas ; 
because of waterlogging it is possible to 
cultivate only about a third of the seven 
million acres of irrigated land each year. 
The remainder is left fallow and unirri
gated to dry out the subsoil and to build 
up a little soil nitrogen. Great damage 
was done long ago when the ancient 
canal systems were destroyed and the 
land was depopulated by waves of no
madic invaders. But the nomads merely 
h astened the salt accumulation and 
waterlogging that were the seeds of de
struction. These bad begun centuries 
earlier as a result of inadeyuate drainage 
and inability to control  Boods.  

If the Bow of the Tigris-Euphrates 
could be fully utilized, through com
bined development of surface and 
ground water, and if the soils were ade
quately leached and drained, the irri
gated area cultivated each year could be 
increased to 10 to 12 million acres. If 
greater water usage were combin :-d with 
perennial cropping, better farmill ; prac
tices and the application of chemical 
fertilizers, total agricultural produ ctioll 
could be raised at least fivefold .  

The largest opportunities for  ex:x1n
sion of the area of irrigated ariu " n J  
semiarid lands exist i n  the U.S.S.H. 
Between 1950 and 1960, 15 ImLion 
acres in the neighborhood of the Black 
and Caspian seas were provided with ir
rigation water from th e Volga, Dnieper, 
Amu Darya and Syr Darya rivers. The 
total Bow of these rivers is more than 
300 million acre-feet, sufficient, under 
the col d-winter and warm-summer cli-
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C u s h i o n -t i re l i ft t r u c k s  f r o m  2 , 0 0 0  
to 1 0 , 000 I b s .  c a p a c i ty.  

Pn e u m a t ic - t i r e  l i ft t r u c k s  w i t h  ca
p a c i t i e s  f r o m  2 , 000 to 4 6 , 000 I b s .  

H y s t e r  H ea v y - D u t y  T r a i l e r s .  

C500A P n e u m a t i c  C o m p a c t e r ,  o n e  
of f i v e  types of H y s t e r  ea rth c o m 
p a c t i o n  m a c h i n e s .  

D 4 B  H y d ra u l i c B a c k h o e - m o u n t s  o n  
C a t  t r a c t o r s ,  T r a xc a v a t o r  L o a d e r s .  

A c o m p l e t e  l i n e  of w i n c h e s ,  y a r d e r s  
a n d l og g i n g  a rc h e s  for m o u n t i n g  
o n  C a t  tractors,  

Products 
that solve 
problems 

A t  H y s t e r  C o m p a n y ,  we make 
m ac h i n e s  t h a t  h e l p  t o  s o l v e  the 
p r o b l e m s  o f  cost  a n d  e f f i c i e n c y  in 
the processes of physical distribution, 
r o a d  b u i l d i n g ,  l o g g i n g  and heavy 
construction. 

Our first requirement has always 
been to provide sturdy, long-lasting 
equipment, as dependable as machi
nery can be under the most grueling 
operating conditions. In the process, 
a world-wide system of engineering 
standardization has also substantially 
solved the problems of repair parts 
and supply, since the same part will  
fit  the machine manufactured in The 
Netherlands, Scotland, France, Bra
zil, the U. S., or any other Hyster 
manufacturing faci lity.  

Another Hyster
®

characteristic is en
gineering leadership. As techno logy 
improves throughout the world, and 
economic development advances with 
it, the role of Hyster machines will  
be increasingly strong, since we in
tend to match or exceed the demand 
for increasingly versatile machines. 

U nique problem . . .  
simple solution 

Although most  Hyster machinery 
is basic, it is the special features in
troduced by imaginative Hyster engi
n e e r s  w h i c h  m a k e  t h i s  e q u i p m e n t 
technologically advanced. A good ex
ample is the Monotrol�ontrol system 
for lift trucks which puts forward, 
reverse and acceleration controls in 
one pedal under the driver's right toe. 

Monotrol adds speed, safety and 
total efficiency to lift truck operation. 
The key to i ts need is  the fact that 
a lift truck, unlike an automobile, 
spends nearly as much time in reverse 
as it does in forward, and that the 
driver needs his hands free for steer
ing and lift controls. 

S u r p r i s i n g l y  s i m p l e  i n  c o n c e p t ,  
Monotrol is essentially a hydraulic 
valve system which activates clutches 
in a depe n d a b l e ,  H y s t e r - d e s i g n e d  
powershift transmission. Even sim
pler was the addition of the throttle 
control to the same pedal shaft. Re
sult: lessened driver fatigue, safer, 
surer control of the lift truck, and an 
overall increase in amounts of  work 
performed. 

The s am e  s tr a i g h t f o r w a r d  e n g i 
neering approach t o  ways of doing 
the job better has been applied to 
many types of Hyster machines : A 
v a c u u m  h a n d l i n g  system f o r  l i f t  
trucks grips materials for li fting and 
carrying; first true vertical plane os
cillation of wheels on a pneumatic 
compaction machine;  new, effective 
power controls for winches used in 
logging and other j obs ; an oil-cooled 
clutch plate which multiplies the life 
of the clutch many times, and a vari
ety of other significant improvements. 

The technological advantages of 
Hyster-built equipment are displayed 
at  Hyster dealers throughout the free 
world. The many economic advan
tages for those who buy it and use it 
soon become obvious. 

C a t e rp i l l a r, C a t  and Traxcavator a r e  reg i stered t r a d e m a rks of t h e  C a t e r p i l l a r  Tractor Co. 

HYSTE R CO M PANY G E N E RAL OFF ICES Portl a n d ,  Oregon, U . S .A .  
I NDUSTRIAL TRUCK DIVISION - lift trucks, mobile cranes, straddle carriers · TRACTOR EQUIPMENT DIVISION - Construction a n d  logging equipment;  Heavy·duty trailers . INTERNATIONAL DIVISION - Overseas manufacturing, sales and service 

Manufactured in: Portland, Oregon (Home Office) • Danville, I l l inois • Peoria, I l l inois • Kewanee, I l l inois • Australia • Brazil • England • France • The Netherlands • Scotland _ The Philippine<o 
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99.99% to 99.9999% 
Lanthanum Oxide, LalO, 

eerie Oxide, CeOl 

Code No. 
528 
529 
529.9 
21 7.91 
2 1 7.92 

Neodymium Oxide, Nd,03 629.92 
Praseodymium Oxide, Pr.O" 729.92 
Samarium Oxide, Sm,03 823.92 
Europium Oxide, Eul03 1 01 4  

Gadol inium Oxide, Cd,O, 

Terbium Oxide, Tb.01 
Yttrium Oxide, Y,03 

Lutetium Oxide, lU,Oi 

1 01 4.92 
929.91 
929.92 

1 805.92 
1 1 1 6  
1 1 1 7 
1 1 1 8  
1 505.92 

% Purity 
99.99 
99.997 
99.999 
99.99 
99.999 
99.999 
99.999 
99.999 
99.99 
99.999 
99.99 
99.999 
99.999 
99.99 
99.999 
99.9999 
99.999 

Pioneering advances in I'are earth 
separation technology now enable us 
to produce most individual rare earths 
in purities higher than 99.9 % .  This is 
a tribute to the advanced state of the 
science and art of rare earth sepin'a
tion,  and w a s  inconceivable a few 
years ago. To be perfectly frank, in 
some cases we now find the removal 
of some non-rare earth impurities to 
be a more challenging task than the 
elimination of adj acent· rare earths. 

These ultra high purity materials 
d o n o t  show detectab l e  r a r e  earth 
impurities by best available spectro
,g r a p h i c  a n d  s p e c t r o p h o t o m e t r i c  
analyses. 

We'll trade your name and address 
for technical data and research quan-
tity pric�

:.:.
·n

:;:
g
:.:.

. __ ' ____ _ 

258 Ann St. .  West Chicago, I i i . ,  60185 
99 Park Ave • •  New York. N. Y., 10016 

3000 W. Sixth St., los Ange les, Calif., 90054 
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mate of the steppes,  to supplv all the 
water needed to irrigate 70 to 100 mil
lion acre s .  

Because of t h e  relatively advanced 
economic level of the country, large 
multipurpose water developments in  the 
U . S . S . R .  are economically feasible, and 
a high percentage of the capital invested 
goes for power, transportation, indus
trial water supplies and flood control . 

Soviet engineers have outlined a plan 
to build an immense dam on the Ob 
River, creating an inland sea five-sixths 
the size of Italy, and to dig a canal con
necting the Yenisei with the Ob above 
the dam [see illustmtion on page 98] . 
The impounded waters would be trans
ported through a giant system of canals, 
rivers and lakes to the Aral Sea and 
thence by canal to the Caspian Sea.  Sev
eral hundred million acre-feet of water 
that now goes to waste each year in the 
Arctic Ocean would be conserved.  This 
water would be used to irrigate 50 mil
lion acres of crop lands and a somewhat 
larger area of pasture in arid western 
Siberia and Kazakhstan . Accompany
ing hydroelectric power installations 
would have a capacity of more than 70 
million kilowatts . M ajor storage, irriga
tion and hydroelectric works are also 
under construction or planned in the 
northern Caucasus and in the Azerbai
jan, Georgian and Armenian Soviet 
Socialist republics . These will bring ad
ditional tens of millions of acres un der 
irrigation . 

In some parts of the arid zone both 
surface and ground water are so scarce 
that it  i s  difficult to see how irrigation 
agriculture can be developed to support 
the rapidly expanding population . I n  the 
M aghreb countries of North Africa
Tunisia, Algeria and M orocco-there is 
probably not enough water in the region 
north of the Sahara to irrigate more than 
3.5 million acres of land, yet the com
bined population of these three countries 
i s  already 26 million ( equal to Egypt's ) 
and will double in 20 to 25 years . Elab
orate systems of dry farming have been 
developed in the M aghreb ; for example, 
the planting of olive trees far apart in 
light,  sandy soils that catch and hold 
the nighttime dew. With this technique 
it has been possible to grow olive and 
other fruit trees on more than a million 
acres in Tunisia. In the long run it may 
be necessary to employ most of the avail
able water in the M aghreb countries for 
industrial purposes, because these can 
provide a tenfold to hundredfold higher 
marginal value for water than agricul
ture can . 

A new possibility for water develop
ment has recently been opened, how-

ever. During the past few years evidence 
has been obtained that large areas in the 
Sahara may be underlain by an enor
mous lake of fresh water. In some places 
the water-bearing sands are 3,000 feet 
thick, and they appear to extend for at 
least 500 miles south of the Atlas M oun
tains and perhaps eastward into Tunisia 
and Libya . If this evidence is  correct, the 
amount of useful water may be very 
large indeed-of the order of 1 00 billion 
acre-feet, sufficient to irrigate many mil
lions of acres for centuries .  

In general the possibilities o f  expand
ing the area of irrigated land in the arid 
zone outside the U . S . S . R .  are not large 
when measured in numbers of acres .  But 
crop yields under irrigation in the arid 
lands are high and assured if all the fac
tors of agricultural production are prop
erly applied. In fact, irrigation agricul
ture in arid regions can be successful 
only if it i s  intensive and high-yielding;  
it is  costly to construct and maintain 
drainage systems that will keep the 
water table from rising too close to the 
surface, and to provide enough water on 
each acre to leach the salts out of the soil .  
I n  hot, arid lands some kinds of irrigation 
agriculture can be so productive that 
very expensive irrigation water, such as 
could be produced by sea-water desali
nation, may soon become economical . 

Much greater possibilities ( and also 
greater difficulties ) exist for agri

cultural expansion in the regions of 
savanna climate, which are character
i zed by an annual cycle of heavy rain
fall during one season,  followed by 
drought the remainder of the year, and 
by warm weather at all seasons . In 
Africa, for  example, many millions of  
what are now barren acres could be 
brought under irrigated cultivation, pro
vided that interested farmers could be 
found, in the neighborhood of the great 
bend of the Niger River in former French 
West Africa, in the basin of the Rufiji 
River of Tanganyika and near Lake 
Kyoga in U ganda. Similarly, in the area 
extending from India east through 
Burma, Thailand and Vietnam to the 
northern Philippines,  air temperature 
and solar radiation are suitable for year
round crop growth, and water and land 
are the limiting factors [ see "The 
M ekong River Plan ," by Gilbert F. 
White ; SCIENTIFIC AMERICAN, April ] .  

I n  the lower basin o f  the Ganges and 
Brahmaputra rivers, comprising East 
Pakistan and the Indian states of Bengal, 
Bihar and Assam, some 140 million peo
ple live on 70 million cultivated acres. 
The basic resources of soil and water 
are grosslyunderutil i zed in this land 
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r(\ r 
plays a vital 

role in the intricate pattern of the world 's  expanding 

industries . Specialized skills in metals and related 

fields make Howe Sound a leader in this technological 

progress.  

technology - of special high temperature, high 

strength alloys. 

Vita l l i u m® alloys which are widely used in the surgi

cal and dental fields because of their ability to exist 

compatibly and permanently with living tissue.  

New Processes for making sheets of silver Spec ia l ty Wi res for the electronic and 

other industries . Wire drawn commercially 

from more than 60 metals, bi-metals and 

alloys , from .250 " to .00 1 3 " .  
HOWE chloride for sea water batteries, expanded 

metals for fuel cells and other applications, 

silver foil rolled to a thickness of . 0005 " .  

I n tr i cate I n vestment  Casti ngs.  Turbine 

blades and vanes, turbocharger wheels and 

other parts essential to jet and space age 

S O U N D  

These are examples of the continuing contri

butions being made by Howe Sound compa

nies to the world 's  expanding technology . 

H O W E  S O U N D  C O M PA N Y, 500 F I F T H  A V E N U E, N E W  Y O R K  36, N. Y. 
D I V I S I O N S ,  R O LL I N G  M I LLS . D ENTAL / S U RG I CAL . S U PERALLOY P R O D UCTS . M ETALLURG ICAL/REFRACTOR I ES . P R EC I S I O N  P R O D U CTS/TEST I N G  
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Product Rel iab i l i ty 
Performance to 

M I L- Q - 9858 
requ i rements by 

MYCALEX CORPORATION OF AMERICA 
Our key to successf u l  service has a l ways 
been : 1) sea rc h  for the best design,  2) 
make eff i c ient  and tro u b le-free too l i n g ,  
a n d  3) p roduce h igh q u a l i ty components.  

The need for a u n iform measu re of 
q u a l i ty control  to meet today's extraord i 
n a ry req u i rements for re l ia b l e  perform
ance d i ctates that a l l  respons i b l e  com
pan ies accept the spec if icat ions spe l led 
o u t  i n  the M I L-Q-9858 Q u a l ity Assur
ance Progra m .  

M y c a l e x  C o r po ra t i o n  of  A m e r i c a  i s  
therefore proud to a n n o u nce t h a t  w e  
have comm itted o u rse lves to meet th i s  
except iona l l y  h igh l e v e l  of q u a l i ty that 
m u st be ach ieved to meet t h e  requ i re
ments of the M I L-Q-9858 specif icat ions.  

Sou n d  p l a n n i n g  has created a Q u a l ity 
Control Depa rtment with c lear ly  def ined 
respons i b i l i t i es for  esta b l i s h i n g  a n d  en
forc i n g  the p ro c ed u re s  and n ecessa ry 
doc u m e nts to assu re that a l l  mate r i a l s  
a n d  serv i ces m e e t  the standards i n  o u r  
spec if icat ions a n d  contracts. O u r  Q u a l i ty 
Contro l  System i n c l u des procedu res ex
actly designed by ou rse lves to meet re
q u i rements u n i q u e  to our products ; a n d ,  
o f  cou rse, o u r  e n t i re system i s  a p p l ied  
to a l l  Gove rnment  a n d  com merc i a l  con
tracts e q u a l ly .  

We a re never sat isf ied that o u r  Qua l ity 
Control  is perfec t ;  t h i s  new system is a 
f i rm bas is  for cont inued i m p rovements. 

I f  you are i nterested i n  the com p l ete 
deta i l s  of our accu racy progra m ,  we w i l l  
b e  g lad t o  m a i l  you a copy o f  o u r  Q u a l ity 
Ass u rance Proced u re m a n u a l  on  req u e st. 
P lease send t h i s  req u est on company 
l etterhead.  
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MVCA L EX 

Worl d ' s  l a rgest m a n u facturer 
of ceramopl astics,  g l a ss-bo nded mica 

a n d  synthetic m ica prod ucts. 

Dept. AA. 1 25 C l ifton B o u l evard,  C l ifto n ,  N. J .  
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of ancient civili zation, extreme present 
poverty and strong population pressur e .  
Each year the rivers carry about a billion 
acre-feet to the Bay of Bengal, and in 
the process thev flood most  of the coun
tryside . Yet only one crop is  grown a 
year.  The land is left idle half tbe year 
because of the shortage of water and 
there is a lack of useful occupation for 
the people six to eight months of the 
year. Agricultural practices are adjusted 
to the rhythm of the monsoon .  

The opportunities for  increasing pro
duction are enormous in this region of 
land shortage and overabundant water. 
Through surface and underground stor
age of a portion of the flood waters, wa
ter could be provided for three crops 
each year over more than half of the 
cultivable area in the alluvial plain, and 
a considerable additional area could re
ceive sufficient water for two crops .  
An assured year-round water supply 
would also provide favorable conditions 
for intensive use of fertilizers, higher
yielding plant varieties and better farm
ing practices,  which could result in  a 
tripling of yields per crop amI per acre 
for cereals,  pulses ( the edible seeds of 
leguminous plants such as peas and 
beans ) and oilseeds . 

A well-fed lives tock industry could 
be developed in addition to improve
ments in field crops,  and a balanced 
diet, instead of the present completely 
inadequate one, could be provided for 
twice the present population . Expansion 
of agricultural production here, based 
on irrigation, would raise few basic 
problems of land and settlement, but it 
would require a reorientation of  thinking 
regarding patterns of land and water 
use. Because of the enormous volumes 
of water involved and the flatness of the 
alluvial basin,  the cost of w�lter storage 
and distribution and of flood control and 
drainage would be high, but  the returns 
through increased farm and livestock 
production could be several times higher 
than the cost . The vields per worker must 
also be increased, however, and a large 
degree of industrialization accomplished 
if the project i s  to finance itself. 

D evelopment of water resources is  not 
an end in itself. The investment 

can be justified only if i t  leads to higher 
agricultural or industrial production ,  or 
in other ways to an increase of human 
well-being.  To gain these objectives wa
ter development must be accompanied 
bv other actions needed to use the water 
effectively.  Thi s  is  well illustrated in 
agriculture. One of the basic principles 
of agricultural science is  the principle 
of interaction : the concurrent use of all  

the factors of production on the same 
parcel of land, which will give a much 
larger harvest than if  these factors are 
used separately on different parcels .  
Adequate water a n d  water at t h e  right 
time are essential if seeds of a particular 
crop variety planted in a given soil are 
to yield a good crop . But a much larger 
crop is  possible if seeds of a higher-yield 
variety are planted. This potential in
crease in the harvest will bc realized, 
however, only if the soil contains suffi
cient plant nutrients .  Usually nitrogen 
fertilizers and phosphate fertilizers must 
be added in large amounts to provide the 
maximum yield. Increased soil fertility 
will be drained off by weeds unless these 
are rigorously controlled, and an eager 
host of insect pests and plant diseases 
will fight to share the crop with the farm
er unless he can combat them with pest
control measures . Improved seed varie
ties planted without adequate water, 
abundant fertilizer and rigorous pest 
control may not do even as well as the 
traditionally planted varieties .  The po
tentialities for double- or triple-cropping 
in a pcrennial irrigation system cannot 
be achieved if the farmers do not have 
tractors and efficient tools to enable 
them to prepare their fields in  the short 
i nterval between harvest and planting.  

To meet the cost of new irrigation 
systems the farmer must produce much 
more per acre-foot of water than he has 
in the past, and this can be done only 
if all the factors of production are made 
available to him and if he is taught how 
to use them effectively. The human, 
educational, social  and institutional 
problems of bringing the necessarv 
knowledge to millions of farmers are 
immense. The task of remaking meth
ods of production that are intimately tied 
to ways of living and of overcoming in
st i tutional and political resistance to 
change is  more difficult than any of the 
engineering problems .  Ill iteracy, malnu
trition and disease ; poverty so harsh that 
the farmer does not dare risk innovation 
because failure will mean starvation ; 
small and fragmented farm holdings ; 
land-rental and taxation systems that 
destroy incentive ; extreme difficulties in 
obtaining a farm loan promptly at a 
reasonable interest rate;  poor marketing 
and storage systems ;  administrative in
efficiency and corruption ; the shortage 
of trained teachers and farm advisers ; 
inadequate government services for 
agricultural research, education and 
extension and for control of wa ter
borne diseases-all must be overcome 
if investments in water resources in 
the developing countries are to produce 
really beneficial results . 
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Parke-Davis pathologists are skilled skeptics 
• . .  "professional pessimists." 

Each year, they scrutinize thousands of 
slides like the ones you see on this page
slides that show sections of brain, lung, 
spleen, kidney, and other tissues important 
to life. 

Why? 

Because new drugs are administered to ani
mals for weeks, months, even years, before 
Parke-Davis will consent to their adminis
tration to man. Our pathologists methodi
cally examine sections of vital tissue under 
a microscope before, during, and after a new 
drug is given to an animal in order to learn 
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its effect, if any, on each part of the body. 

Their critical attitude is actively encour
aged, even though months or years of work 
m ay be wiped out as a result of their skilled 
skepticism. 

You always stand to gain these benefits from 
the thoroughness of Parke-Davis testing 
procedures : the longer life and better health 
that come with better medi cines. 

Copyright 1962-Parke, D a \' i s  & Company. Detroit 32,  Mich. 
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ENERGY 
Modern nlan has nlade hinlself largely by burning fuel. The supply 

of fuel appears to be alnlost inexhaustible, and a high level of fuel 

consumption ]S not a pl'erequ_isite of developlnent but a result of it 

Therc is an obvious connection be
tween economic development and 
the increased use of energy from 

mineral sources. According to plausible 
estimates world consumption of mineral 
fuels between now and the end of the 
century will eyual about three times the 
amount consumed in all previous his
tory. Since mineral fuels are depletible 
resources unequally distributed around 
the world, it is easy to see why there 
should be a nagging concern about the 
ability of the world's resources to meet 
estimated future consumption. 

In this article estimates of future 
world cnergy consumption will be com
pared with the availability of the natural 
resources from which the supplies must 
come. Some of the uncertainties that 
entcr into estimates of fuel resources will 
be cxamined, and it will be indicated 
why some estimates are higher than oth
ers. Regardless of the discrepancy be
tween particular estimates there is rea
son to be optimistic about the world out
look for fossil-fuel supplies. The outlook 
is made even more promising, of course, 
by the advent of nuclear power. More
over, the enormous energy yield of nu
clear fuels per unit of weight suggests 
that unique economic effects will result 
from the exploitation of nuclear power. 

l::(or the purpose of adding together the 
different energy sources their inherent 

energy value can be translated into vari
ous common denominators, such as kilo
watt-hours, calories or British thermal 
units. This article will follow the practice 
used by the United Nations and convert 

OIL TANKERS, together with pipelines, 

have transformed the fuel·consumption 

habits of the world. The tankers on the oppo· 

site page are docked at the Sun Oil refinery 

on the Delaware River at Marcus Hook, Pa. 

h�' Sal1l H. Schurr 

the various energy sources into "hard
coal equivalents" (h.c.e.).  In making 
this conversion for crude oil, refinery 
losscs are taken into account and certain 
non fuel products, sucb as asphalt and 
lubricating oil, are subtracted. Hydro
electric energy is converted to h.c.e. 
according to the actual energy content 
of a kilowatt-hour. (Prior to 1 955 UN 
statistics used a conversion factor that 
reflected how much coal would be 
needed to produce a kilowatt-hour of 
electricity. This gave an h.c.e. three or 
four times higher than the h.c.e. now 
used for hydroelectric power.) 

The chart on page 1 13, based on UN 
statistics, shows that in 1 960 the world's 
consumption of mineral fuels and hydro
electric power was 4,235 million metric 
tons h .c.e. ( A  metric ton is 1 ,000 kilo
grams, or 2,205 pounds.) On a per capita 
basis this amounts to about 1 , 400 kilo
grams h.c.e. The world average conceals 
an enormous variation among countries. 
At one extreme the U.S., with only 6 per 
cent of the world's population, consumed 
more than a third of the world's total 
commercial energy supplies. Toward the 
other end of the range India, with almost 
15 per cent of the world's population, 
used only about 1 .5 per cent of the 
world's commercial energy. (The figures 
exclude such "noncommercial" energy 
sources as wood, animal power and dung, 
which constitute a significant fraction of 
all the energy used in India and other 
underdeveloped countries.) Translated 
into per capita terms, the average Ameri
can consumed the equivalent of about 
8,000 kilograms (eight metric tons) of 
coal per year, or more than 50 times the 
Indian per capita consumption. 

In the chart on page 1 13 the nations 
are divided into three major groups. The 
first group consists of the most highly 
developed non-Communist nations: those 

of North America,  western Europe and 
Oceania ( essen tiall y Australia and New 
Zealand) . The second group is made up 
of the U.S.S.R. and the other European 
Communist-bloc countries. The third 
group, composed overwhelmingly of the 
less developed lands, consists of the na
tions of Asia, Africa, Latin America and 
the Middle East. Half of all the energy 
consumed in 1 960 by the third group is 
accounted for by Communist Asia 
( chieHy mainland China) . The reported 
per capita energy consumption of 600 
kilograms h.c.e. for Communist Asia 
seems rather high in the light of earlier 
Chinese figures. If China is excluded, the 
per capita consumption for the third 
group is about 315 kilograms h.c.e. , 
compared with about 415 kilograms 
when China is included. For the second 
group the per capita energy consumption 
is about 2,900 kilograms h.c.e. , and for 
the first group ( which includes the U.S.) 
the figure is about 4,500. 

It is scarcely surprising that there is 
a s trong positive correlation between 
per capita energy consumption and per 
capita share of gross national product 
( C.N.P.). This correlation for 47 nations 
in 1 96 1  is shown in the chart on the next 
page. It extends and brings up to date a 
chart that Edward S. Mason of Harvard 
University originally prepared with 
1 952 figures. In pres en ting his chart, 
which used national income rather than 
C.N.P., Mason pointed to the inade
quacies of energy statistics in many 
countries and to the difficulties involved 
in trying to reduce the per capita income 
figures of different countries to their 
equivalent in U.S. dollars. He concluded 
nevertheless that "large differences in 
income are associated with large dif
ferences in energy intake, and we may 
take it for granted that no country at 
this stage of history call enjoy a high 

III 
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per capita income without becoming an 
extensive consumer of energy." 

Over the past three decades there has 
been a striking shift in the relative 

importance of various energy sources. 
In 1 929 solid fuels supplied almost 80 
per cent of the world's commercial en
ergy. In 1 960 the solid-fuel fraction had 
declined to barely half [see illustration 
un page 114]. In the same period the 
share supplied by liquid fuels more than 
doubled, from about 15 to 3 1  per cent. 
The biggest gain of alI was made by 
natural gas, which soared from 4.5 to 
14.6 per cent of the total. The share sup
plied by hydroelectric power more than 
doubled during the period, but it con
tinued to be a small fraction of the total. 

The U.S. led the way in the shift from 
solid to liquid and gaseous fuels and 
strongly influenced world totals. In the 
U.S. oil and natural gas now supply 
nearly 75 per cent of alI the energy con
sumed. In westem Europe, where coal is 

112 

ENEHGY USE V. G.N.P. (Gross National 

Product) on a per capita basis is shown for 

1961. This chart is based on UN energy 

statistics and G.N.P. figures prepared large. 

ly by the Agency for International Develop. 

ment. For Communist countries G.N.P. is an 

estimate based on a report by the Center 

for International Studies at the Massachu· 

setts Institute of Technology. A similar 

"hart on steel consumption is on page 130. 

still pre-eminent, the rise in oil consump
tion has been comparatively recent. In 
1 929 only 3 .8 per cent of Europe's en
ergy came from oil; by 1 960 the figure 
had climbed to 30.2  per cent. The less 
developed part of the world depends on 
oil for more than half of its total com
mercial supplies compared with about 
30 per cent in 1 929. In good part the 
world-wide swing to liquid fuels reflects 
the fact that oil can be transported much 
more cheaply than coal over long dis
tances. The rapidly increasing consump
tion of oil makes it more urgent than ever 
to have good estimates of world reserves 
of petroleum, traditionally regarded as 
far below coal in abundance. 

If energy consumption in the future 
merely maintained the per capita rate 
of 1 960, it would place a tremendous 
drain on the world's energy resources. 
The present world population is about 
three billion, By the year 2000 the popu
lation is expected to more than double, 
reaching a figure of six or seven billion. 

Obviously energy consumption is des· 
tined to climb even more steeply as per 
capita consumption continues to rise in 
the highly developed regions of the 
world, and even more swiftly in the de
veloping ones. The job of producing a 
reasonable estimate of world energy con
sumption over the next 40 years is both 
formidable and hazardous. 

In my opinion the most satisfactory 
technique for estimating world totals 
would be to project for each country 
( or region ) the anticipated growth 
of each energy-consuming sector of 
the economy: industry, transportation, 
households, agriculture and so on. Un
fortunately the data needed to make such 
a detailed projection are available only 
for the highly developed countries. 

Under the circumstances one must 
fall back on less satisfactory methods of 
estimating the world's energy needs. Of 
the various projections available I pre
fer to use those prepared for the U.S. 
Atomic E nergy Commission by Milton 
F. Searl. His estimates are reasonably 
detailed and allow for different rates of 
growth in different regions of the world. 
:'vIoreover, Searl's projections of world 
energy consumption through the re
mainder of this century are the highest 
made by any serious student of the prob
lem. It seems desirable to use a reason
ably high estimate because it offers a 
scvere test for the measurement of the 
adequacy of resources. 

Searl's projections of world energy 
consumption and population in 1980 and 
2000 are compared with 1 960 figures in 
the charts on page 1 16. By the year 2000 
a world population twice that of 1 960 
will consume about five times more 
energy. At that date the countries of 
North America, western Europe and Oce
ania will account for only 45 per cent 
of the world total, compared with al
most 60 per cent in 1 960. Over the same 
period the share of the U.S.S.R. and east
ern Europe will decline slightly from 
about 2 1  per cent to 1 9. Meanwhile 
energy consumption in the rest of the 
world will have climbed from about 20 
per cent of the world total in 1 960 to 
about 35 per cent in the year 2000. 

Part of the energy rise in Asia, Africa, 
Latin America and the Middle East will 
be accounted for by a rise in population 
from about 72 per cent of the world 
total in 1 960 to about 77 per cent in 
2000. In the main, however, the under
developed countries' increased share of 
projected world energy is accounted for 
by the assumption that they will be 
building up an industrial base between 
1 960 and 2000. 

The experience of the U.S, in energy 
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consumption provides support for this 
assumption. In five of the six decades 
from 1 850 to 19 10-a period during 
which this country was building its in
dustrial base-the average annual in
crease in the per capita consumption of 
mineral fuels and hydroelectric power 
was around 5 per cent, whereas in subse
(luent decades the rate fell substantiallv. 
Per capita consumption of commercial 
energy in the underdeveloped world in 
1960 ( 414 kilograms h.c.e. ) is about the 
level reached in the U.S. somewhere be
tween 1850 and 1855-more than 100 
vears earlier. The per capita energy con
sumption estimated for the underde
veloped world in 2000 ( about 1,500 kilo
grams h.c.e.) was reached in the U.S. 
around 1880. It happens that Searl's 
projections for the year 2000 were made 
without special reference to the U.S. 
record in the 19th century. It is interest
ing to note, therefore, that his estimates 
for the progress to be made in the under
developed world in the last part of the 
20th century elosely parallel the U.S. 

I 

experience in the latter part of the 19th 
century. 

There is another parallel in energy 
consumption between the U.S.  of 100 
vears ago and the underdeveloped world 
of today: the heavy consumption of non
commercial fuels. As late as 1 870 wood 
accounted for about three-quarters of 
the total U.S. energy consumption. Bv 
1910 wood's share had fallen to about 
10 per cent of the total. In a careful stud�' 
of India's energy consumption in 1959 
it was found that noncommercial fuels 
(excluding animal power) accounted 

for about 70 per cent of the country's 
total energy supply. Almost all the non
commercial fuels were consumed in 
households. The transformation in ener
gv use that took place in the U.S. in the 
second half of the past century can be ex
pected to take place in India and else
where during the latter half of this one. 

�e world energy resources adequate 
to the expected demand? According 

to Searl's estimates, between 1960 and 

ENERGY 
REGION (MILLIONS OF 

METRIC TONS 

2000 the world will have consumed the 
equivalent of about 435 billion metric 
tons of coal. More than half of the total, 
about 225 billion tons, will have been 
consumed in North America, western 
Europe and Oceania; more than a quar
ter, about 120 billion tons, in the less de
veloped countries; the remainder, about 
90 billion tons, in the U.S.S.R. and east
ern Europe. The cumulative total i s  
slightly more than 100 times the world's 
1960 rate of consumption ,  which means 
in turn that over the 40-year period the 
world's energy resources will be de
pleted at an average annual rate 2.5 
times that of 1 960. 

In appraising the adequacy of world 
resources one can neglect hydroelectric 
power because of its surprisingly small 
importance. It can be significant, how
ever, in the energy supply of particular 
countries. Solar radiation, although it is a 
vast and for all practical purposcs an 
inexha usti ble source of energy, will be 
omitted from this discussion because no 
way has yct been found to use it as all 

PER CAPITA 
ENERGY 

CONSUMPTION 
(KILOGRAMS 

H.C.E.) 

WORLD TOTAL 4,235 100.0 3,017 1,404 
---.. �� ... - .. -....• -. ......... - .. ...... . . .  �.-... �-��.- .. 

NORTH AMERICA, WESTERN 
EUROPE AND OCEANIA 

NORTH AMERICA 

u.s. 
CANADA 

2,432 

1,549.3 

101.5 

837.3 WESTERN EUROPE ..... �.- ............... -. 
"COMMON MARKET" 

OCEANIA (AUSTRALIA 
AND NEW ZEALAND) 

440.9 

259.0 
137.4 

45.6 

57.5 

36.6 

34.2 

2.4 

19.8 

10.4 

6.1 

3.3 

11 

540 17.9 4,504 

199 6.6 

181 6.0 

18 0.6 

326 10.8 

169 5.6 2.609 

53 1.8 

104 3.4 1.321 

15 0.5 3,040 

21.4 313 10.4 U .S.S. R. AN 0 EA S TE R_N 
...•. c;c_.::.. • .ccf. __ �. _ ......... . 

90 ... 7........ . .... ...... ... .i. .• • __ • __ . __ -_ •• _+ ..... ..:: . . ........... f-.. ... . ... . . ..... . _ . . ..•.•. +.. _ . .. :_ ... __ ... 

U.S.S.R. 610.6 

EASTERN EUROPE 296.9 

LATIN AMERICA, MIDDLE 
AFRICA AND ASIA 

OTHER LAT I ��:::' ___ .• _ .. 

896 

14.4 

7.0 

21.1 

214 7.1 

99 3.3 

2,164 71.7 

MIDDLE EAST 0.9 138 � __ .� .... _� .. _. ____ .. _ .. _. _.j ._. __ •.. __ .�o.:.;c: .• . _._ .... _ •.. + . . _ ... _ .. .i. . .. : .• _ .... __ ... + ... . . :.: ..... _-+_ ......... ;..;:. 

59.3 1.4 190 

_
A
_

S
'I

A 
____ ._. _ .. __ . __ .� __ _ -+ ��_� __ 66_0 .. _3_.�_� ..... + __ �_15_ .. 6._._._+�1,626 

INDIA 

__ �.�..J;,.QM�LL�J.§I...6§JL._ 
OTHER 

60.7 

44,3 

414 

WORLD ENERGY CONSUMPTION, population and per capita 

consumption are shown for 1960. Only commercial energy sources 

are included; the various kinds of mineral fuel and hydroelectric 

power are converted, according to energy content, to their hard-coal 

equivalents (h.c.e.). Oceania, grouped with North America and 

western Europe, is made up chiefly of Australia and New Zealand. 

Caribbean America includes Colombia and Veneznela plus all of 

Central America and the Caribbean islands. The data used in tlIi, 

and subsequent charts in this artide (unless otherwise noted) were 

prepared by Resources for the Future, Inc., from UN statisties. 
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TOTAL 
(MILLIONS OF 
METRIC TONS 

H.C.E.): 

HYDROELECTRIC 
POWER: 

NATURAL GAS: 

LIQUID FUEL: 

SOLID FUEL: 

1,711 

.8_ 
4.5 

4,235 
20 . 

14.6 

31.1 

1929 1960 
WORLD TOTAL 

economic substitute for commercial 
fuels on a major scale. Its greatest prom
ise appears to lie in small-scale applica
tions, such as household cooking and 
water-heating-the very applications in 
which noncommercial fuels are so wide
Iv used today in the underdeveloped 
regions. Other unconventional energy 
sources such as geothermal and tidal 
power and the wind are also omitted 
for lack of evidence that thev can add 
significantlv to the world's el�ergy sup
pl�1 over the next several dccades. 

One might think that in turning from 
estimates of energy demand to the '.Iues
tion of thc ader!uacy of resources one 
would be leaving conjecture behind and 
entering the realm of hard geological 
fact. Actually there is no true measure 
of the world's endowment of energy re
sources, nor, in the nature of things, is 
there ever likely to be one. Cost alone 
would prohibit a comprehensive prob
ing of the earth's crust to provide any
thing approaching a true measure of re
sources. More to the point, society's in
terest is confined to resources that are 
exploitable now or seem likely to bc in 
thc fllture. As time passes the standards 
of exploitability keep changing, mainly 
as a result of advances in technology 
and changes in economic circumstances. 
Consequently resource-supplv estimates 
are su bjcct to at least as many uncertain-

1,448 
13 _ 
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3.4 837 
l8 

9.3 

22 3 
lO 516 NIL 
3.8 

67.9 

1929 1960 
UNITED STATES 

9"5.2 
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tics as energy-demand estimates. Al
though resource estimates embody some 
actual measurements of the contents of 
known deposits, they are based chiefly 
on geological inference. 

Let us first consider coal. Estimates 
of total resources will differ, depending 
on such factors as the maximum depth of 
coal beds to be included, their minimum 
thickness and whether or not the esti
mator is willing to include undiscovered 
deposits whose existence can be inferred. 
Fortunatcly the differences in recent 
estimates are not crucial because evcn 
the most conservative ones indicate that 
world coal resources are enough to mcct 
world energy needs far into the future. 

The estimate of world coal resources 
that will be used here was compiled re
cently by Paul Averitt of the U.S. Geo
logical Survey. It shows a world total of 
2,:320 billion metric tons of recoverable 
coal in known deposits with seams 14 
inches or  more thick and lving within 
:3,000 feet of thc surface. Recoverahility 
is estimated at .50 pcr cent of the coal in 
place, which is more or less consistent 
with current underground mining experi
ence in the U.S. 

This is a conservative estimate in 
terms of its depth limitations and also in 
that it makes no allowance for undiscov
ered deposits, even within these limita
tions . .\!evertheJess, it includes far more 

1 
.4 73 

28.0,--. 
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9.8 � 

25.2 
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2.1 341 
8.3 
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13 77 
30.9-- 36.1 
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1929 
LATIN AMERICA, ASIA 

AFRICA, MIDDLE EAST 

RISE IN ENERGY USE from 1929 to 1960 is plotted for the world 

as a whole and for selected geographical subdivisions. (Figures for 

Japan and Communist Asia are omitted from the Asian fraction. 

The numerals to the left of the hars show per cent ("om position.) 

Within this period the total amount of energy supplied hy oil and 

natural gas expanded ahout 480 per cent, whereas the amount sup

plied hy solid fuels rose only about 60 per cent. The biggest rise in 

solid-fuel ("onsmnption, 650 per cent, took place in the U.S.S.R. 
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Artist's rendition of a water model in operation. 

Patterns 
for Power 

A large C-E steam generator burns hundreds of tons of fuel each hour. To assure complete 

combustion, every ton must be mixed with approximately ten tons of air. This results in the 

production of well over one million cubic feet of hot combustion gas each minute. It flows 

through the steam generator giving up heat to miles of water-filled tubing, thereby generating 

steam. - The flow of gas through the various parts of a C-E unit is not left to chance. As part 

of the design process, C-E builds many types of models, duplicating the shape and interior 

structure of the steam generator. One such model is transparent and is filled with water con

taining large numbers of colored beads. When the water is pumped through the unit to simu

late combustion gas flow, the paths traced by the beads are examined to check flow patterns. 

When unsatisfactory patterns are discovel'ed, designs are changed. - The thorough checking 

of countless details - before the fact - spells the difference between outstanding and average 

product performance and is still another reason why the C-E nameplate is more than just a 
label. On steam generating equipment, using either conventional or nuclear fuels, it 

is a corporate signature which certifies performance, quality and dependability. 

COMBUSTION ENGINEERING 
General Offices: Windsor, Connecticut · New York Offices: 200 Madison Avenue, New York 16, N. Y. 

Moving pichwes of oper

ating water models enable 

desi gners to study gas 

flow patte1·ns. The models 

duplicate the shape and 

inte1'ior structure of the 

steam gene1'ator being 

st1/died. 

All types of steam generating, fuel burning and related equipment; nuclear reactors; paper mill equipment; pulverizers; flash drying systems; pressure vessels 

C-407A 
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ENERGY CONSUMPTION AND POPULATION projected for 1980 and 2000 are compared 

with 1960 figures. Over this period energy ('onsulnption win rise more than twiee as fast as 

pop Illation, with the steepest per capita increase in the non·Western world (see below!. 
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PER CAPITA ENERGY CONSUMPT;ON will rise sharply between now and the year 2000 
in the world as a whole and in all major regions. The energy projections in these two charts 

were made hy Milton F. Searl in a recent report for the U.S. Atomic Energy Commission. 
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coal than has actually been measured 
and great quantities of coal in deposits 
that would not be considered economic 
by current standards, Stated briefly, it 
is a conservative measure of the coal that 
is available in the earth for man to ex· 
tract, if needed, by employing suitable 
technical and managerial ingenuity. For 
the purpose of comparison, a less COI1-
servative estimate made by other work
ers of the U.S, Geological Survey yields 
a world total that is seven times Averitt's 
estimate, The higher estimate employs 
the same depth and thickness limitations 
but allows for the discovery of new coal 
deposits. 

If Averitt's estimate is accepted, coal 
could supply the entire 435 billion tons 
of coal e<luivalent the world is expected 
to consume between 1960 and 2000 
and enough coal would still remain 
in the ground at the end of the period 
to satisfy the world's total demands for 
energy for almost another century at the 
estimated annual Icvel of consumption 
in the year 2000. If present trends con
tinue, of course, coal will be wanted for 
considcrably less than half of the world's 
energy consumption in the years ahead. 
Thc huge coal reserve is reassuring, nev
ertheless, because with few exceptions 
coal, used as such or in the generation 
of electricity, could be satisfactorily sub
stituted for oil and gas in most applica
tions, although perhaps at some added 
cost. And if a serious pinch were to 
develop in oil supplies, coal could be 
converted, at a price, into liquid motor 
fuels. However, in the U ,So at least, oil 
shale would probably be used rather 
than coal as a substitute oil source. 

In considering resources of oil and gas 
one encounters a category that has 

no exact cuunterpart in world coal sta· 
tistics: the concept of "proved reserves," 
Thc term refers to discovered and well
delineated reserves that can be extracted 
by available techniques at current costs 
and sold at current prices. Present 
proved reserves of oil are nearly 320 bil
lion barrels, equivalent to 56 billion tons 
of hard coal, or more than 40 times the 
world-wide consumption of oil in 1 960. 

Proved-reserve figures, however, do 
not begin to provide a full accounting 
of oil and gas resources even in well
established oil regions. The reason is 
that reserves cannot be proved without 
drilling wells, and wells are costly. Re
serves are only proved, therefore, in re
sponse to explicit commercial needs. In 
the U ,S" for example, proved reserves 
are essentially a working inventory of 
natural stocks, Consetluently proved. 

© 1963 SCIENTIFIC AMERICAN, INC



These X-rays hide one important fact [ They were taken ] 
with a camera 
that weighs only 
48 pounds complete. 

This means that it is now possible to take radio
graphs in the jungle. on an assembly line, or in 
an airplane. You can use it anywhere in the 
hospital, instead of trundling patients to the 
X-ray room. You can survey for tuberculosis 
miles from town, as was done last spring in 
rural Haiti, where a FExitron 845 took 2,312 chest 
X-rays. Note how compact the camera is. You 
can examine welds. Airplane stress points. 
Hidden parts, even certain enclosed parts mov
ing at high speeds, such as valves. High resolu
tion: 1.5 mm X-ray source size. There's a selec
tor switch for 100 KV or 150 KV. A new electronic 

principle is used to deliver a burst of X-rays for 
a very short time (.05 microsecond). The short 
exposure time avoids motion blur on objects 
which can be exposed with a single pulse 
(child's chest or 2 inches of aluminum). For 
thicker objects dial1 to 25 pulses at seven or 14 
pulses per second. Radiographs any part of the 
body. Both X-ray dose and spectrum are inde
pendent of line voltage. Operates off any house 
circuit or with portable generator. This new in
strument extends diagnostic radiography into 
formerly inaccessible places. Perhaps it can 
find facts that are now hidden from you. Write; 
we'll answer immediately. 

McMinnville, Oregon Tel: 503 472·5101 

Field Emission Corporation 
Regional Sales offices: Mid.Atlantic: 1753 Rockville Pike, Rockvifla, Maryland (301) 427-4242. West Coast: 205 Avenuel Redondo Beach, California (213) 375-5510. U.K.: livingston labora
tories 31 Camden Road london N W 1 Gulliver 4191. France: Relations TechniQues Intercontinentales 134 Avenue de Malakoff Paris 16 e Passy 43·09. Switzerland: OmniRay AG. 
Dufourstr. 56 Zurich 8 Tel (051) 34 44 30. Germany: QmniRay GmbH Nymphenburgerstr. 164 Munchen. Austria: Austronik Angewandte Physik, GmbH Wien VI Mollardgasse54.ltaly: 
Silverstar, ltd. 21 Via Visconti dl Modrone Milano Telef: 790.555. India: Electronic Enterprises 46 Karani Buildina, 0pp. Cama Baug. New Charni Road, Bombay4 Tel: 75316. Sweden: Erik 
Ferner AS P.O. Bo)( 56 Bromma Stockholm Tel: 25 28 70. 
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200 

1956 

1958 
1959 

1962 
P R O V E D  W O R L D  RESERVES OF C R U D E  OIL i n ereased e n o r

m o u s l y  in the p a st d e e " d e _  The upper segment of the bar in 1 9 5 0  

represents t o t a l  w o r l d  <Tu de-o i l  produt 'l i o n  between 1 85 9  a n d  1 9 5 0 _  

T h a t  volume w a s  sli ght l y  ex('ee ded hy t h e  proved reserves a t  t h e  

e n d  o f  1 9 5 0 .  B etween 1 95 0  a n d  1 962 total  ( " [·ude p r o dur-ti o n  a l m o s t  

equaled the r e s e r v e s  o f  1 950,  , "  i n d i  .. ated b y  the upward shi ft o f  

e o l o re d  se gnlent o f  ba r�.  M e a nw h i le r e s e r v e s  m o re than t r i pl e d .  

C h a rt i s  b a s e d  o n  one by the B rit ish Petro leum Company L i m i t e d .  

reserve figures-which indicate that U.S. 
reserves will last for perhaps ] 2 vears
are virtually useless for an analysis of 
the long-term adequacy of resources. 

The relation between world oil pro
duction, proved reserves and addition to 
reserves over the period from 19.50 to 
1 962 is indicated in the chart above. 
The chart shows that cumulative oil 
production over the 1 2-year period prac
tically e<lualed the proved reserves exist
ing at the start of the period but that in 
the meantime much larger quantities of 
oil resources were added to proved re
serves. 

For both oil and natural gas. there
fore, it is necessary to estimate "un
proved" resources to obtain a figure com
parable to that presented for world coal 
resources. Estimates of such unproved 
resources have generally been revised 
upward over the years, but even todav 
there are wide differences on the subject . 

The extremes among responsible au
thorities are represented by the estimates 
of M. King Hubbert of the Shell Devel
opment Company, who recently com
pleted a study of energy resources for the 
National Academy of Sciences, and those 
of Alfred D. Zapp of the U.S. Geological 
Survey. Hubbert's estimate of ultimate 
world reserves of crude oil is 1 ,2.50 bil-

11 8 

lion barrels; Zapp's estimate of potential 
oil resources is about 3 . . 5 times that, or 
more than 4,000 billion barrels. 

The difference in these two estimates 
resul ts whollv from the widelv different 
estimates m,�de by the two men of the 
potential oil resources of the U.S. Hub
bert's figure for the U.S. is 1 75 billion 
barrels of ultimate reserves, whereas 
Zapp's estimate is between .500 billion 
and 600 billion barrels. In each case the 
world figure is derived from the o . s .  
estimate by applying certain factors in
<licating the relative geological favorabil
ity of oil occurrence in the U.S. and 
other parts of the world. 

The wide gulf separating the Hubbert 
and Zapp evaluations of the potential 
oil resources of the U.S. ( and, by ex
tension, the world ) results essentially 
from the different views they hold con
cerning the relevant variables for as
sessing unproved oil resources. Hub
bert's approach yields an estimate that 
is shaped by existing economic, tech
nical and political factors affecting the 
actual production of oil in the U.S.  
Zapp's approach yields an estimate that 
admittedly includes deposits that are 
submarginal by today's standards and 
whose exploitation would depend on sig
nificant improvements in exploration and 

production technology and perhaps in
creases in the price of oil . 

On the basis of their estimates for oil 
Hubbert and Zapp were alsn abl c  to 
make estimates of the unproved re
sources of natural gas ( and natural-gas 
Ii, [uids ) .  The resulting totals for thc 
world's potential resources of oil and 
gas, expressed in hard-coal c < juivalents, 
are about .53.5 billion metric tons ( Hub
bert ) and about 1 , 620 billion metric tons 
( Zapp ) . 

1 1 hese various estimates are not to be 
- taken literallv. No one really knows 

what the world's potential resources of 
coal, oil and gas are. " I y  own guess is 
that the estimates will be revised upward 
in th e future if the demand for these 
energy sources continues to justify the 
search for new deposits and the dcvelop
ment of new technology. Improved re
covery technology alone could raise the 
figures by a considerable percentage. 
For example, only about a third of the 
oil contained in underground reservoirs 
in the U.S. is now recovered, and this 
low recovery factor is built into Hub
bert's estimate of ultimate reserves. 

In addition to coal, oil and natural 
gas the earth's crust contains vast po
tential resources of oil shale and oil-

© 1963 SCIENTIFIC AMERICAN, INC



• 

At PPG Chem ica ls, 
today gets eq ual  t ime with tomorrow 

When people rely on you for depend
able supplies of industrial chemicals 
like chlorine, soda ash, caustic sod a, 
and dozens morc, you' ve got to ap
proach research with a dual point of 
view. 

Of coursc you have to gct up to your 
n e c k  in new t e c h n o l o g y - te s t  t u b c  
work. At PPG Chcmicals, we're i n  such 
d iverse - ev e n  e x o t i c - areas  a s  t i t a
nium, phosgene chemistry, chlori natcd 
o r g a n i c s ,  pol y c a r b o n ates ,  and s i l i c a  
chemistry. 

But we can' t forget about our re
sponsibility for finding better ways to 
make, ship, and use the essential bulk 

chcmicals that i ndustry go b bles up by 
the tank car and barge load . vVe de
vote much study a t  PPG C hcmicals, 
to developing mechanisms that pro
duce these chcmicals morc cfficiently 
and with consistent quality.  Our ap
plied research program uses miniature 
mills and pilot plants to develop and 
prove out better ways to use basic 
chemicals i n  customer industries : pa
per, textiles, rubber, metals, and many 
more. 

The things we've learned - and ap
p l i e d - a b o u t  m a k i n g ,  m o v i n g ,  a n d  
using tonnage chemicals m ake . u s  a 
logical "chemical partner" for your 

needs.  I t' s  a partnership that keeps 
p r o d u c t s - a nd i d e a s - m o v i n g  your 
way.  T h e  c o n t i n u i n g  story o f  PPG 
Chemicals for today and tomorrow i s  
told in a n  i nformative i l lustrated mag
azi ne, " Chemical s : "  Write for a copy 
to Pittsburgh Plate Glass Company, 
C h e m i c a l  D i v i s i o n ,  O n e  G a te w a y  
Center, Pittsburgh, P a .  1 5222 ;  

BAS IC  C H EM ICALS A N D  COST-CUTT I N G  I D EAS 

[I)" chemicals 
1 19 
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For information about space 
o p p ortunities i n  Louisiana 
write:  Space Programs Sec
tion, Louisiana State D epart
ment of Commerce and Indus
t r y ,  S t a t e  C a p i t o l ,  B a t o n  
Rouge . All inquiries are con
fidential . 

LOUISIANA 
H E A R T  O F  T H E  S P A C E  C R E S C E N T  

COAL RESOU RCES 
2,320 BILLION 
M ET RIC TONS 

OTHERS:  6 .9 

EUROPE :  13.0 

CHINA , 21 .8 

OIL AND NATURAL GAS 
POTENT IAL 

R ESOURCES 
(H .C .E . )  

OIL 
PROVED RESERVES 
56 BILLION METR IC 

TONS (H .C , E . )  

OTHERS: 11.8 
/ I:=�C:;:;A::;;R""IB;::;B:;;:EA:;:;N::;::=:6:::,2� 

/ F���� 
I U.S.S.R.: 9.0 

HIGH ESTIMATE :  
1 ,620 BI LLION 
METRIC TONS 

I 
! 

/ 
U.S.: 11.8 

/ 
/ 

! 
I MIDDLE EAST: 61.2 

LOW ESTIMATE :  
535 BILLION 

METRIC TONS 

/ 
I 

I 
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WORLD COAL RESOURCES far exceed estimates of potential oil resources. The coal 
estimate was compiled by Paul Averitt of the U.S. Geological Survey. The high estimate 
for oil and natural gas was made by Alfred D. Zapp of the same organization, the low esti· 
mate by M. King

'
Hubbert of the Shell Development Company. Data on the proved reserves 

of oil are from British Petroleum. ( The U.S. fraction includes natural·gas liquids.) The 
bases of the various estimates are explained in the text. In the U.S. alone it is estimated that 

potential uranium resources are more than 2,000 billion metric tons h.c.e. Between 1960 and 

2000 the total world energy consumption may well exceed 400 billion metric tons h.c.e. 

bearing tar sands. The U.S. Geological 
Survey has estimated, for example, that 
the recoverable energy content of U.S. 
oil-shale resources is about a third of the 
total energy content of the known and 
inferred coal resources of the U.S. There 
is, therefore, reason to believe that even 
without atomic energy the world re
source base of fossil fuels would be am
ple into the quite distant future. 

Unfortunately a particular country 
may find small comfort in estimates 

of vast world resources of fuels if the 
supply inside or near its own borders is 
scanty or nonexistent. A striking aspect 
of the distribution of both coal and oil 
is their high concentration in just a few 
of the world's regions [see illustration 
above ] .  In the case of coal the U.S., 
the U.S.S.R., China and Europe account 
for more than 90 per cent of the world's 
estimated recoverable resources; all the 
other regions of the world combined
which includes all the underdeveloped 
world except China-contain only 7 per 
cent of known resources. For oil, four 
regions-the Middle East, the U.S., the 
U.S.S.R. and Caribbean America-also 
possess about 90 per cent of the world's 
proved reserves, Ivlost of Africa ( outside 

of North Africa ) ,  most of South America 
and India contain neither coal resources 
nor proved oil reserves in sizable 
amounts. It is clear that the distribution 
of,coal and oil is far from evenly matched 
with the distribution of the population. 

Of course, the location of today's 
known deposits is not identical witl) 
what may be found in the future, par
ticularly as the search for fuel resources 
is widened. But even if important new 
discoveries are made, international trade 
in coal and oil will continue to be im
portant in the years ahead, and to ex
pand in volume. The present pattern of 
major interregional shipments of coal 
and liquid fuels is illustrated on page 
122.  The overwhelming importance of 
western Europe as a fuel-importing area 
and of the Middle East as an exporting 
area is clearly apparent, each accounting 
for about 50 per cent of the world's gross 
interregional imports and exports respec
tively. This is a comparatively recent de
velopment associated with the postwar 
shift toward oil in western Europe's 
energy consumption. 

In looking to the future it is apparent 
that the quantitative preponderance of 
the developed countries as importers 
will continue. But as the years pass the 

• 
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H ighway trucks a re b u i l t  on M i d l a nd frames,  kept u nder safe 
control  with M i d l a n d  a i r  brakes and vac u u m  power brakes, 
ro l l  o n  t i res re i nforced with I nd u st r i a l  Rayon t i re cords. 

T h e  paper i nd u stry, a n d  m a n y  o t h e r  p rocess i n d u str ies,  u se 
R oss a n d  Wa l d ro n - H a rt i g  eq u i p m e n t  to i ncrease m i l l  prod uc
t ion,  i m p rove q u a l ity, lower costs. 

M - R  a l s o m ea n s  
M a n u fa ct u ri n g a n d  R e s e a rc h  
Improve an a l ready sati sfactory heat treat furnace, and help the 

metalworking industry add tensile strength to a commonly used alloy 

steel . . .  design a flyweight machine to recover cabin moisture as drink

ing water in a spaceship . . .  develop a stronger rayon yarn to greatly 

increase the life and strength of automobile tires . . . control the moisture 

in paper production to improve the paper, cut its manufacturing cost . . .  

All these developments and many more have come from the labora

tories and plants and talents of Midland-Ross . . .  an industrial complex 

of 13 divisions and 16 foreign affiliates. Midland-Ross produces more 

than $185 million worth of products and services used in nearly every 

industry. Paper, rubber, textiles, automotive, metalworking, primary 

metals, aerospace, plastics, building, heating and air conditioning, 

food, packaging, and many other industries depend upon Midland-Ross 

equipment, products, and ideas. 

Write for a copy of the Midland-Ross annual report . . . it fully 

describes us and our facilities for manufacturing and research. 

M I D LA N D - R O S S  C O R P O R AT I O N  
5 5  P U B L I C  S Q U A R E ,  CLEVE LAN D 1 3. O H I O  

Strengt h  a n d  perfo r m a n c e  of parts m a d e  b y  t h e  
m eta l work i n g  i n d u stry a r e  i n c r e a s e d  by precise 
heat treat ment in S u rface Combustion i nd u st r i a l  
f u r naces. 

L icensees in ten other nations, l i sted below, h e l p  
m a k e  M i d l a n d - R oss prod ucts a n d  services a va i l 
a b l e  wor ldwide:  

ARG ENTI N A  
T h e r m a  i re,  S .  A. 
AUSTRALIA 
H. P.  G regory & Co. ,  L i m ited 
Wood a l l - D u c k  h a m  (Austra l a s i a )  Pty. Ltd. 

B E LG I U M  
S .  A .  Beige Ste i n  & R o u b a i x  

CANADA 
Ba rnett J .  Danson & Associates 
M offats L i m i ted 

E NG LAN D 
B e l l ' s  As bestos a n d  E n g i n e e r i n g  L i m ited 
B r i t i s h  Furnaces L i m ited 
D u n l o p  R u bber Co. ,  Ltd. 
H e n ry S i m on L i m ited 

FRANCE 
A m e l i o ra i r, S.A.  
Ste i n  Et R o u b a i x  

G E R MA N Y  
B a r m e r  M a s c h i nenfabri k Aktiengese l l sch aft 

ITALY 
S .  A. For n i  Ste i n  

J APAN 
C h u ga i ro Kogyo K a i s h a ,  Ltd. 

N ETH E R LAN DS 
N. V .  N e d e r l a n se A i rco n d i t i o n i n g  M i j .  

D I V I S I O N S :  I nd u st r i a l  Rayon ' J a n itrol Aero ' J a n itrol • M i d l a n d  Frame ' Power Contro l s ' R o s s  E n g i n eeri n g · R o s s  of Canada ' Steel City 

S u rface Combustion ' S u rface of Canada ' W a l d ro n - H a rt ig · Webster Engineer ing ' Wright 
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less developed areas of the world will 
be forced to increase their imports of 
fuels at a rapid rate. Barring discovery 
of local energy sources, many countries 
will find themselves faced with stagger
ing bills for imported fuels. 

In order to ascertain how big these 
bills may be my associates and I have 
made a rough estimate of the volume 
of imported fuel that will be needed in 
the year 2000 by underdeveloped non
Communist countries not now self-suffi
cient in energy. Coal imports were 
omitted from the calculations because 
oil is the preferred imported fuel of Ull 
derdeveloped regions. In 1 960 imported 
oil accounted for about 55 per cent of the 
total energy consumption of the non
self-sufficient countries of Latin America 

u . s .  44 

CAR I BBEAN . A M E R ICA 186 

M I DDLE  EAST 314 

28 

and Africa and for about 25 per cent in 
Asia. \Ve assumed that imported oil 
would constitute the same percentage 
of energy needs in the year 2000. This 
estimated volume was then multiplied 
by current prices of crude oil ( even 
though refined oil products would pre
sumablv account for much of the impor
tation ) . 

The conservative figure that resulted 
from this calculation was an imported-oil 
fuel bill in the year 2000 of about $ 10 
billion ( at today's prices ) .  In 1 960 the 
same group of countries paid out only 
$ 1 7  billion for imported commodities of 
all kinds, of which oil imports ( calculat
ed as crude oil ) would have cost less 
than $ 1  billion. It is evident from these 
rough figures that paying for imported 

OCEA N I A  OTHER 
LAT I N  

AMER ICA 

NON·  
COMMUNIST 

ASIA 

U .S .  

fuel supplie� in  2000 may pose a diffi
cult problem for developing countries. 
Although these countries can expect a 
growing income from exports, export 
earnings still may not be sufficient to 
pay for sharply enlarged energy imports 
along with imports of other necessities. 
International arrangements for easing 
the foreign-exchange burden may be 
needed if energy-consumption levels 
such as those estimated here are to be 
achieved. 

l�inally we come to the role that may 
be played by nuclear power in satis

fying the world demand for energy. 
From the estimates of fossil-fuel reserves 
already presented it is clear that during 
the rest of this century and well into the 

304,.=---"_--""---_=-_"" 

WEST ERN EUROPE 

MAJOR WORLD FUEL SHIPMENTS, excluding intraregiona'l 

trade, are shown for 1960 . Circles represent exporting regions, 

rectangles importing regions ; they are proportional in size to 

the weight of fuel shipped or received. Figures beside the various 

regions show gross exports or imports in miJ Jions of metric tons 

h.to .e. Gray area:; in d rdes and rel"tangles rel)resent soljd fuels, 

colored areas crude oil and white areas refined liquid fuels. The 

width and color of  the bands indicate weight and general nature 

of shipments. The four exporting regions that are shown in the chart 

supply more than 90 per cent of all interregional shipments. The 

five importing regions acco unt for ahout 85 per cent of all imports, 

Ihat is, they do not aeco unt for all exporb frolll regions sho w n .  

1 2 2 
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What's the delay here? 

Th e  d e l ay h e re i s  w h at 
h a p p e n e d  to a 1 0- n a n o 
s e c o n d  r a d a r  p u l s e  o n  
its way t h r o u g h  a Fai rc h i l d  
Type 767H Osc i l l oscope.  The 
trace i s  a m u lt i p l e  e x p o s u re of 
a s t r o b e d  d e l a y i n g  s w e e p  a n d  
m a g n i f i e d  d e l ay e d  s w e e p .  I t s  c l e a r ,  

" l oc k e d  i n "  d i s p l ay w a s  m a d e  
w i t h  t h e  D e l a y i n g  S w e e p  
P l u g - I n  u n i t o f  t h i s  n e w  
,F a i rc h i l d  s o l i d  state s c o p e  

T h e  5 0  m c  P l u g - I n  u s e d  t o  m a k e  
t h i s  t r a c e  h a s  a r i s e  t i m e  o f  7. 5 

"
" n s e-c , s e n s i t i v i ty o f  50 m y/ e m .  

Oth e r  avai l a b l e  p l u g  - i n s  prov i d e  
m a n y  oth e r  capab i l i t i e s  - e n o u g h  

to rep lace h a l f  a d o z e n  o r  m o re 
s p e c i a l  p u rpose scopes .  

I nvesti g ate t h e  new F a i rc h i l d  
l i n e  before y o u  i nvest i n  a n oth e r  
s c o p e .  Write fo r o u r  I n stru m e nts 
C ata l o g .  B ette r yet, c a l l  in a 

f i e l d  s a l e s  e n g i n e e r  (off i c e s  i n  

3 9  p r i n c i pa l  c i t i es) for a d e m o n stra
t i o n .  F a i rc h i l d  S c i e nt i f ic  I n strum ents,  
750 B l oo m fi e l d  Ave n u e, C l i fton ,  N .  J .  

F=A.I R C H I L.C 

D U  M O NT LA B O RATO R I E S  
750  B L OO M F I E L D  AV E N U E .  C L I FT O N .  N EW J ERSEY 
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A R T I S T ' S  C O N C E P T I O N  OF 8 S · fOOT T A L L  " R I fT "  ( R E A C T O R · \ N · f L J G H T · T E S T )  V E H I C L E .  

S I L E NT F L I G HT 1 970 
The Advanced Saturn booster falls away. A 

n uclear engine takes over speeding the vehicle 
t h rough space, silent as a star. 

Such a flight is expected by 1 970. To bring 
it  to reality on time, NASA and the AEC 
selected TI as a candidate supplier. One reason : 
TI's more than ten years' experience with 
nuclear fuels. 

As one of five participating companies, Tl's 
N uclear Products group is gearing up to fabri
cate fuel cores for nuclear rocket propulsion . 
It is now producing higher quality and longer 
l ife fuel loadings for new reactors and reloads 
to propel ships, power electric plants and meet 
research needs for laboratories and universities. 

TI's total energy conversion program covers 
much more than nuclear reactor fuel .  Other 
projects successfully under way i nvolve ther
mionics, battery material, fuel cell and solar 
cell technology. Such fuels of the future offer 
almost unlim ited possibilities.  To learn more, 
write Manager, Nuclear Products group.  

In providing fuel assemblies 
for the Allis-Chalmers "Path· 
f i n d e r "  R e a c t o r .  o w n e d  by 
Northern States Power Company 
at Sioux Falls, S.  D., TI fabri· 
cated to precise tolerances 45 ,000 
fuel rods consisting of uranium
dioxide pellets clad in zircaloy 
tubing. The fuel assemblies con
sist of several types of fuel rods 
s e l e c t i v e l y  p o s i t i o n e d  a n d  
assembled with stainless steel 
adapter fittings - ready for core 
loading, 

M E T A L S  & C O N T R O L S  I N C .  
8 609 F O R E S T  S T , AT T L E B O R O ,  M A S S  

A C O R P O R A T E  D I V I S I O N  O F  

TEXAS I N ST R U M E N T S 
I N C O R P O R A T E D  

BAS I C  M ETALS, ALLOYS, CERAMICS,  C E R M ETS . . .  C LAD M ETALS I N  STR I P ,  W I R E ,  T U B I N G  . . .  

PREC I S I ON ENGI NEERED PARTS . . .  E N ERGY CONVERS I O N  MATER IALS AND SYSTEMS . . .  ELECT R I CAL, 

ELECTRON IC,  TH ERMAL, M ECHANICAL CONTROL DEVICES . . .  CUSTOM IZED R EACTOR CORE ASS E M B L I ES. 

next the world could get along quite well 
without atomic energy. Nevertheless, as 
nuclear power costs decline, nuclear 
fuels will compete increasingly with fos
sil fuels. 

In the U.S. alone the potential ( known 
and unknown ) uranium resources, com
parable in quality to ore now being 
mined, are estimated by workers of the 
U.S. Geological Survey to range from 
2, 100 billion to 6,900 billion tons of coal 
equivalents. The larger figure is sub
stantially greater than the combined 
total of the world's known resources of 
recoverable coal and potential resources 
of oil and natural gas. It can be inferred 
from the U.S. figures that the world re
sources of uranium ( and of thorium, 
which is probably more abundant than 
uranium ) are greater than the resources 
of fossil fuels by an enormous margin. 
If Illuch-Iower-grade resources-includ
ing ordinary granite-are taken into ac
count, man can be said to have within 
reach an almost unlimited supply of 
energy. Underlying these calculations is 
the assumption that through the devel
opment of the "breeder" reactor it will 
be possible to convert the "fertile" mate
rials uranium 238 ( the abundant isotope 
of natural uranium ) and thorium 232 
respectively into fissionable uranium 23.5 
and thorium 233. 

It is difficult to estimate what effects 
commercial atomic energy will have on 
the market for conventional fuels in the 
years ahead. Within the past year esti
mates pertaining to the U.S. have ap
peared in a report to the President pre
pared by the Atomic Energy Commis
sion. This report predicted that atomic 
power would become competitive with 
conventional sources of power through
out most of the U.S. in the 1970's and 
by 1980 would generate nearly 10 per 
cent of the nation's electricity. It pre
dicted further that by the end of the 
century all new electric power plants, 
and half of all the electricity then being 
generated in this country, would be nu
clear. But it should be kept in mind that 
these estimates were contained in a re
port attempting to justify a program of 
research, development and construction 
that is designed to improve nuclear tech
nology and to bring down costs. More
over, the report made assumptions about 
the future costs of fossil fuels that seem 
unreasonably high. 

But even with these reservations it is 
apparent that nuclear fuels will emerge 
as a formidable competitor of the fossil 
fuels, both at home and abroad. It is 
therefore worth speculating about the 
broader economic significance of atomic 
energy, particularly for the underde-
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N ITY 

W h i l e  C h e m stra n d ' s  e x p a n d i n g 

wor l d  of opportu n ity is g loba l i n  

scope, hav ing fac i l i t ies i n  N o rth 

and South America,  E u rope a n d  

As i a ,  it  i s  c lose ly ident if ied with 

the econom i c  e merge nce of the 

South through i ts  Southeaste rn 

U .S .  fa c i l i t ies.  O n ly twe nty-f ive 

yea rs ago the South wa s ca l led 

the nat ion 's  n u mber  o n e  eco

n o m i c  prob l e m .  As a b u nda nt re

s o u rc e s  a re c o m m i tt e d  to a 

stea d i ly i ncrea s i ng i n d u str i a l ca

pac ity, the South i s  j u st begi n n i ng 

to rea l ize its eco n o m i c  pote nt ia l .  

C h e m stra n d's contr i b ut ions  to 

the South's tec h n o logica l a n d  eco

n o m i c  deve l o p m e nt h ave been 

s ign if ica nt, as the Compa ny's pres-

ent pos it ion as a wor l d  leader  i n  

the c h e m ica l f iber  i nd u stry wou l d  

i n d icate. 

I n  a l itt le  more than a decade 

C h e mstra n d's  dyn a m i c  growth has 

created, and wi l l  cont i n u e  to cre

ate, d i rectio n s  a n d  rates of ad

va ncement for its p rofess i o n a l 

peo p l e  ra re ly  e q u a led a nywhere i n  

t h e  wor l d .  

U n u s u a l ly attra ctive posit io n s  

n o w  ex i st at C h e m stra n d  offe r i n g  

opportu n ity f o r  t h e  h ighest order 

of p rofess iona l fu lf i l l me nt. Op por

tu n ity for e njoya b l e  persona l l iv

i ng ex i sts, too, at  C h e m stra nd 's  

ny lon  p l a nt at G ree nwood, South  

C a ro l i n a ;  i t s  n y l o n  p l a n t a n d  

Nylon Deve l o p m e nt Center i n  Pen-

saco l a ,  F l or i d a ;  in  the Acr i l a n® 

a c ry l i c  f iber  p l a nt a n d  Tec h n ica l 

Ce nter i n  Decatu r, A l a b a m a  a nd 

i n  the Researc h  Tri a ng l e  Park 

l a b o ratories of C h e m stra n d  Re

sea rch Ce nter, I nc .  

I f  you wo u l d  l i ke to  know more 

of C h e mstra n d ' s  expa n d i n g  wo r ld  

of opportu n ity, write today to :  

As s i sta nt M a nage r, Profess i o n a l 

Recru it i ng, Box C9, Che mstra n d  

Com pa ny, 350 Fifth Ave n u e ,  N ew 

York 1, New York. 

Ct-EMSTRAf\D 
C O M P A N Y 

A D I V I S I O N  O F  
M O N S A N T O  C H E M I C A L  C O M P A N Y  

A N  EQU  .... L OPPORTUN ITY E M P LOYER  
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Far-f i e l d  d i ffrac t i o n  pattern p r o d u c e d  from l a b o ratory m o d e l  u s i n g  c o h e r e n t  l i g h t. 

U s i n g  coh e rent  l i g h t  
t o  sca le la rg e  a n te n n a  a rrays 

down to laborato ry s ize 

You may f i n d  it u sefu l to th i n k  of the c o h e re n t  l i g h t  o u t p u t  of a 

c o n t i n u o u s  wave gas laser  as be i n g  extre m e l y  s h o rt rad i o  waves,  

p a rt i c u l ar ly  i f  you a re i nt e rested in a p p l y i n g  laser  tech n o l ogy to 

var ious e l e c t ro m a g n e t i c  rad i a t i o n  p ro b l e m s .  This t h i n k i n g  has 

s u g g e s t e d ,  fo r e x a m p l e ,  a n o v e l  w a y '  t o  d e te r m i n e  a n t e n n a  

d i rect i v i ty patte r n s  based o n  sca le  m o d e l s  o f  a n te n n a  a r rays. 

W h e re a n  a n te n n a  is h u n d re d s  o r  t h o u s a n d s  of wave l e n gt h s  i n  

d i ameter ,  i t  may b e  d i ff i c u l t  o r  even i m possi b l e  t o  m a ke f u l l -scale 

measu reme n ts of d i rect iv i ty ,  m a i n - l o b e  width ,  s ide- lobe a m p l i tu d e ,  

o r  n u l l  spaci n g .  B u t  by u s i n g  a l a s e r  beam to i l l u m i n ate apertu res 

rep rese n t i n g  e l e m e n t s  in t h e  a n te n n a  a rray b e i n g  s c a l e d ,  a far

f i e l d  d i ffract i o n  patte rn c a n  be g e n e rated o n  the l a b o rat o ry wo rk

b e n c h  and d i rect ly  recorded on p h o t o g ra p h i c  f i l m .  S u c h  a patte rn 

(as shown above)  c a n  be conve rted to a c o n ve n t i o n a l  p l ot s i m p l y  

by scan n i n g  the n e g at ive w i t h  a d e n s i tometer. 

As o t h e r  i n terest i n g  stu d i es a n d  a p p l i cat i o n s  c o m e  to l i g ht ,  we 

w i l l  cont i n u e  to report t h e m  to y o u .  M e a n ti m e ,  may we s e n d  you 

a b ro c h u re o n  our  new M o d e l  1 30 " b r i efcase" laser ,  a n d  deta i l s  

o n  o t h e r  C W  g a s  lasers fo r advanced l a b o rato ry w o r k ?  Add ress 

your i n q u i ry to 1 255 Terra Be l l a  Ave n u e ,  M o u n t a i n  V i ew 2 ,  C a l i 

f o r n i a  ( o r  c a l l  c o l lect  (4 1 5) 961 -2550) .  

' Re p o rted i n  I E E E  Transac t i o n s ,  Profes s i o n a l  G r o u p  o n  A n t e n n a s  a n d  Propaga
t ion ,  S e p t e m b e r  1 963, " A  New A p p roach 
to A n t e n n a  Sca l i n g , "  by Wright  H .  H u nt-

Spectra-Physl"cs l e y .  J r . ,  S t a n f o r d  E l e c t r o n i c s  L a b o r a -
t o r i e s ,  Stanford . C a l i forn i a .  

veloped countries .  The unique promise 
of atomic energv is inherent in the fact 
that nuclear hwls contain an enormous 
concentration of energy per unit of 
weight. One pound of nnclear fuel, fully 
;:onsumed, is the energy equivalent of 
about three million pounds of coal. Sev
eral unusual economic characteristics 
follow from this fact. Nuclear fuels ,  for 
one thing, are essentially weightless and 
thus freight-free. Their employment 
should therefore lead toward the geo
graphic equalization of energy costs . 
This may make it possible for under
developed countries to undertake a new 
pattern of economic development in 
which certain industries are located near 
existing agricultural settlements instead 
of being concentrated in a few large 
urban centers.  Because nuclear fuels are 
freight-free they might also reduce the 
need for investment in railroads or pipe
.Jines, thereby conserving scarce capital. 
Finally, there is the long-run promise 
that nuclear fuels will help to reduce the 
foreign-exchange burden faced by fuel
poor countries .  

Unfortunately the inherent advan
tages of nuclear fuels are counterbal
anced by the present need for very-large
scale installations if power is to be pro
duced at a reasonable cost. Installations 
of the size needed re(juire the prior exist
ence of a highly concentrated market for 
power. Moreover, nuclear power plants 
cost more per kilowatt of installed ca
pacity than conventional power plants 
do. Hence for the foreseeable future the 
capital costs of nuclear p0\ver plants 
will offset such advantages of nuclear 
fuel as cheapness and mobility. 

The foregoing conclusions for both 
the developed and the underdeveloped 
countries rest on present-day expecta
tions regarding the use of atomic energy. 
It is impossible to say whether or not the 
inherent promise of nuclear fuels-abun
dance, mobility and economy-will begin 
to be realized within the 40-year time 
horizon of this analysis, but in the long 
run it seems almost certain that these 
intrinsic advantages will be captmed in 
the technology developed to make use of 
atomic energy. 

AUTIIOI�'S NOTE 

The following staff members of 
Resources for the Future, Inc. , 
helped in the preparation of this 
article: Perry D. Teitelbaum, Jaro
slav C. Polach and David B .  
Brooks. 
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S I XTE E N  I NTO LE RANT M E N  

Sixteen d rivers test a l l  the Li n c o l n  Conti n enta ls  made.  These 

m e n  k n ow t h i s  car  as n o  o n e  e l s e  can . . .  and they to l e rate noth i n g  

s h o rt o f  t h e  h i g h est stan dards.  F o r  i nsta n c e ,  a s  each L i n c o l n  

Conti n e ntal  i s  c o m p l eted,  o n e  of t h e s e  experts d r ives it  out

s i d e  a n d  stops the  e n g i ne .  Then he t u r n s  on the  i g n i t i o n  agai n .  

I t  m u st start i n  t h ree s e c o n d s  o r  less .  

That  i s  test  number  o n e ,  the  fi rst step i n  the fi n a l  d etai l e d  

i nspect ion eve ry Conti n ental  receives,  c u l m i n ati n g  i n  an exact

i n g  road test u n d e r  typ ica l  d r i v i n g  c o n d i t i o n s .  And the o n l y  

pass i n g  m a r k  i s  o n e  h u n d re d  p e rcent.  That i s  t r u e  of a l l  t h e  

oth e r  tests every Conti n e ntal  m u st pass d u ri n g  and after  m anu -

factu re-m o re than 2,000 of t h e ni .  Each Cont i n e nta l  i s  m o re than 

a l u x u ry autom o b i l e .  I t  i s  an e n g i n e e r i n g  tr i u m p h .  

A n d  t h e  L i n c o l n  C o n t i n ental  a l s o  typif ies Fo rd M oto r Com

pany's d ete rm i n at i o n  to make every Ford - b u i l t  product  a n  out

stan d i n g  val u e .  O utstan d i n g  i n  terms of perfo rm a n c e ,  re l i abi l ity 

and own e r  sati sfact i o n .  T h i s  c a l l s  for  the i n d u stry's h i g hest 

stan d a rd s  in e n g i n e e r i n g ,  m a n u factu r i n g  and q u a l ity contro l .  

Hypercr i t ica l  test i n g  and i nspect i o n -as expressed by " S ix

teen I nto l e rant M e n "-guards Ford Motor Com pany's p h i l osophy 

of tota l  q u a l ity. O n e  m o re reas o n  why Ford - b u i lt cars l ast l o n g e r, 

need less  care,  keep the i r va l u e  bette r • 

FO R D  • M E R C U RY • T H U N D E R B I R D  • L I N CO L N  CO N T I N E NTAL .,. 
MOTOR COMPANY 
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MINERALS 

Deposits of ilnportant nlinerals that can be econonlically nlined 

are poorly distributed over the surface of the earth. Modern 

substitutions nlay, ho,vever, alleviate sonle of this inlbalance 

Xthough it is widely recognized that 
an industrial society requires a 
broad mineral-resource base, the 

extent to which modern production 
technology depends on mineral raw 
materials is seldom appreciated. It is 
easy to comprehend the needs for and 
the application of the traditional com
mon metals: iron, copper, lead, tin and 
the newer metal aluminum; but it is 
more difficult to comprehend the changes 
in technology that influence their qual
ity, fabrication and end nse in world 
markets. The increased demand for new 
alloys requiring special additives, some 
of which a generation ago were hardly 
more than names in the periodic table, 
tremendously complicates the supply 
requirement. As a result the creation of 
an integrated minerals or metals industry 
even where local mineral supplies exist 
will greatly strain the technological re
sources of underdeveloped countries. 

On the other hand, even countries 
without mineral wealth of their own 
should not find it too difficult to import 
the needed mineral supplies. The total 
estimated value of the world's mineral 
production in 1960 was approximately 
$50 billion, of which fuels represented 
about $37 billion. The value of all other 
minerals, including construction materi
als such as sand and gravel, came to only 

OPEN·PIT IRON MINE, operated by the 

Jones & Laughlin Steel Corporation in 

northern New York, is the second largest 

producer of high.grade iron·ore agglomer. 

ates in the eastern U.S. Its annual capacity 

is 1.5 million tons. The edge of the mine is 

at the top left of the picture on the opposite 

page. Ore is crushed in the gray buildings at 

far left and carried by conveyer to group 

of buildings at lower right, where it is 

concentrated and sintered. The beneficiated 

ore is then shipped to the Pittsburgh area. 

by Julian W. Feiss 

$13 billion. Of this sum U.S. production 
for its own consumption and U.S. im
ports from other countries added up to 
approximately $7 billion, leaving only 
about $6 billion worth of nonfuel min
erals to be consumed by the rest of the 
world. This translates into a world con
sumption, outside the U.S., of only about 
$2 a head. In comparison, U.S. con
sumption in 1960 was roughly $40 a 
head. If allowance is made for a con
sumption of perhaps $10 to $30 a head 
in other well-developed countries, the 
per capita mineral consumption in the 
underdeveloped regions of the world is 
reduced to well below $1. 

These figures can be viewed both op
timistically and pessimistically. The pes
simistic aspect is simply that more than 
two billion of the world's people con
sume nonfuel minerals at an annual rate 
measured in pennies and that if their 
consumption were ever to approach the 
consumption enjoyed in the more privi
leged countries, the drain on the world's 
mineral resources would be staggering. 
The optimistic aspect is that even those 
underdeveloped countries that are poor 
in minerals should be able to double and 
triple their present tiny rates of mineral 
consumption at a comparatively small 
cost in raw materials. This is in marked 
contrast to the prospect faced by fuel
poor countries in meeting their fuel re
quirements, as described in the preced
ing article, "Energy," by Sam H. Schurr. 
He estimates that in 1980 the underde
veloped countries of Asia, Africa, Latin 
America and the Middle East will con
sume about two and a half times more 
fuel than they did in 1960. If it is esti
mated that these countries spent $7 bil
lion for fuel in 1960, their 1980 bill, at 
current prices, will be more than $17 
billion. It is doubtful that the same coun
tries consumed as much as $1 billion 
worth of non fuel minerals in 1960, so 

that a comparable doubling or tripling 
of their consumption by 1980 would 
represent relatively little money. 

Many of the underdeveloped nations 
of course count on exports of indigenous 
minerals to provide the foreign exchange 
needed for industrial development. Such 
countries can look forward to a steadily 
rising demand for ores and minerals from 
the U.S. and other well-developed coun
tries of the world. The U.S., for example, 
imports all its tin; more than 90 per cent 
of its manganese, antimony, beryllium 
and chromium ores; more than 85 per 
cent of its nickel; about 75 per cent of its 
bauxite, and about 55 per cent of its 
zinc and lead. Across the board the U.S. 
consumes roughly 25 per cent of the 
world's total production of metals. 

Estimates of U.S. metal consumption 
in 1975, made recently by the U.S. 
Bureau of Mines, project an increase of 
50 to 65 per cent for zinc and copper, 
135 per cent for lead and more than 250 
per cent for aluminum and tungsten. 
Originally the increase for steel was esti
mated at 80 per cent, but it was subse
quently cut to 60 pCI' cent. 

The reduction in the steel estimate 
is noteworthy because it reflects a basic 
shift in the pattern of metals use that has 
developed almost entirely since the end 
of World War II and has been accelerat
ing. For years steel production was the 
great bellwether of the economy. What 
has happened, very simply, is that steel 
is losing its historic role as the symbol 
of economic potency. U.S. steel output 
reached a peak of 117 million tons in 
1955, dropped below 100 million tons 
in 1958 and has stayed there since. As 
the chart on the next page indicates, 
U.S. per capita consumption of steel in 
1961 (488 kilograms) was exceeded by 
Sweden (544 kilograms), Czechoslova
kia (493 kilograms) and West Germany 
(490 kilograms). In its revised projec-
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tion for 1975 the Bureau of YIines is 
providing for a per capita increase in 
U.S, steel consumption of only about 
10 per cent. 

I n the u.s., probably more than in other 
countries, steel has run into increasing 

competition from aluminum, magnesi� 
um, titanium, structural concrete and a 
variety of strong, tough plastics, Steel is 
also meeting competition from itself: 
common steels are being replaced by 
steel alloys that are stronger and do a 
given job with less weight [see "The 
Strength of Steel," by Victor F, Zackay; 
SCIENTIFIC AMEHICAN, August]. Last 
November the changing outlook for steel 
received documentation from an unex� 
pected source. Speaking to an assem� 
blage of economists and industrial man� 
agers in Moscow, Premier Khrushchev 
said: "There was a time when the power 
of a state was measured in terms of the 
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amount of steel it could produce, ... But 
now, when there are other materials 
competing with steel, such a criterion 
is no longer adefluate," He went on to 
say that some party officials "have put on 
'steel blinkers' and now look and act as 
they were once taught. We now have a 
material that surpasses steel and costs 
less, and they still cry 'Steel! Steel!' " 
Presumably he was referring to new 
plastics such as polyethylene and poly� 
propylene. In any event, during the next 
20 years the U.S.S.R. intends to expand 
plastics output 20 times and steel pro� 
duction only four times. 

This is not to say, of course, that sub
stantial steel capacity will not be needed 
in the emerging nations, Underdevel� 
oped nations should, however, weigh 
various alternatives carefully before each 
new addition to steel output. They prob� 
ably should not aspire to approach the 
West in per capita steel capacity. 

A capsule history of changing materi� 
als technology can be found in the design 
of bridges. Early bridges were made of 
wood and stone. The first use of iron 
on a large scale began about 150 years 
ago in bridges designed by Thomas Tel
ford in England and Scotland. Steel re
mained almost unchallenged as a struc� 
tural metal for bridges until the first 
all-aluminum bridge span was built over 
the Grass River at Massena, N.Y., in 
1946. Four years later an all-aluminum 
highway bridge was completed across 
the Saguenay River at Arvida in the 
Canadian province of Quebec. The 
bridge contains a center arch of 290� 
foot span that weighs only 200 tons-half 
the weight of an equivalent steel arch. 
Meanwhile European bridge builders 
have been reducing the amount of steel 
needed in bridges by using large mem
bers of prestressed concrete. These are 
concrete beams and slabs in which em
bedded steel cables or rods are held in 
tension. 

The use of aluminum in bridges is 
symbolic of the growing competition it 
offers to steel in construction jobs of 
many types. In 1961, for example, alu
minum curtain walls were used for 18 
per cent of the total wall area of non
residential buildings erected in the U.S. 
Tens of thousands of tons of aluminum 
were also used in barges, truck trailers, 
railroad cars and automobilcs. 

For underdeveloped countries an im� 
portant role for aluminum is in replac� 
ing copper as a carrier of electric currcnt. 
Even though aluminum is not so good a 
conductor as copper, its use can often be 
justified on other grounds. For example, 
in high-tension power lines aluminum, 
because it is lighter than copper, re� 
lluires fewer supporting towers, with 
a consequent saving in steel. Asia is par
ticularly deficient in copper ores but has 
at least 45 million tons of proved re� 
serves of bauxite, the chief aluminum 
ore, and more can doubtless be found. 
As recently as 1960 only three Asian 
countries produced aluminum: China 
(both mainland and Taiwan), India and 

Japan. Their total output, about 10 per 
cent of that of the U.S, and Canada 
combined, was not insignificant. Indo� 
nesia and the Philippines are now plan� 
ning to build aluminum refineries. The 
principal obstacle to expanding produc� 
tion is finding adequate electric power. 

The depletion of mineral resources, 
both in the U.S. and elsewhere, be� 

came a matter of serious concern im� 
mediately after World War II. Some 
pessimists felt that most of the world's 
high�grade ore deposits had already been 
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discovered and that the minerals indus
try must be resigned to working ores of 
lower and lower grade. With the deple
tion of high-grade iron-ore deposits in 
the Lake Superior district, which has tra
ditionally supplied more than 75 per 
cent of the U.S. total, steel companies 
began an intensive and costly program 
to mine the lower-grade taconite and 
jaspilite ores, and to produce from them 
concentrated pellets suitable for the blast 
furnace. The cost of this program to date 
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has been more than $1 billion, and in 
1961 taconite and jaspilite pellets ac
counted for about 12 per cent of the iron 
in U.S. pig production. 

But while the taconite program was 
still in its early stages some of the world's 
largest high-grade deposits of iron were 
being found in Labrador, Ontario, Vene
zuela, Brazil, Liberia and other parts 
of West Africa. The iron-ore content of 
Cerro Bolivar in Venezuela has been 
placed at 500 million tons, or about 25 
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per cent of the are thus far extracted and 
shipped directly from the great Mesabi 
Range of Minnesota. In the past few years 
another extensive deposit of iron ore has 
been found in the Hamersley Range of 
northwestern Australia. 

The result of all these new finds has 
been to raise the known world reserves 
of iron ore to more than 132 billion tons 
of iron recoverable by present meth
ods, a minimum increase of 60 per 
cent over estimated reserves in 1955. 
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RISING USE OF METALS is shown by charts comparing U.S. 

consumption (black) and world production (color) of nine metals 

or ores in heaviest metallurgical demand. Figures are thousands 

of short tons. Growth in bauxite demand is most spectacular. 
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POTASSIUM COMPOUNDS 
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95 

U.S. DEPENDENCE ON WORLD RESOURCES is evident from 

this tahle of mineral production and reserves, hased on datu from 

the U.S. Geological Survey. The U.S. is the leading mine producer 

of only four of the 14 metals or metallic ores at the top of the 
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SITE OF BIGGEST RESERVE 

(PER CENT OF WORLD T OTAL) 
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U.S. CONSUMPTiON 

AS PER CENT 

OF WORLD PRODUCTION 

29 

14 

25 

26 

48 

47 --�-
21 

18 

65 

list (if ilmenite and rutile are counted separately). It is, how· 

ever, the leading producer of four of the last five minerals at the 

bottom. For the list as a whole the U.S. consumes about 30 per 

cent of world production and produces about 60 per cent of U.s. 

• 
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consumption. There are great uncertainties with regard to reserves, hence the data in the 

third and sixth columns must be treated with caution. Ores vary greatly in type, quality, 

accessibility and ease of refining. For example, a deposit of copper ore that would be con· 

sidered an industrial reserve in Arizona would not be considered one if it were in Alaska. 

Nobodv can say today which countrv 
has the biggest single reserve of iron ore 
because economics and technology re
lated to local factors determine whether 
material of a given grade is or is not 
ore. India has perhaps 21 billion tons; 
Brazil may have even more, and Canada 
and West Africa are not far behind. The 
U.S.S. R. has recently disclosed that its 
iron-ore resources are slightly more than 
30 billion tons. It is clear, in short, that 
the world's total known resources of 
iron ore are many times greater than 
the world's possible needs through the 
year 2000. 

The iron-ore discoveries in Ontario 
and Venezuela are outstanding in

stances of what has been achieved with 
new exploration techniques using air
borne instruments. These instruments 
include, in addition to the aerial camera, 
the air-borne magnetometer, the scintil
lometer and electromagnetic induction 
devices. The air-borne magnetometer 
measures anomalies, or irregularities, in 
the earth's magnetic flux attributable to 
buried mineral deposits. The scintillom
eter measures the emanations from radio
active ores and is also widely used in oil 
prospecting because the radiation flux 
above oil pools is often less than that in 
the normal earth background. The elec
tromagnetic-induction technique em
ploys the principle used by wartime mine 
detectors. 

The Marmora iron deposit in Ontario 
was first spotted by air-borne magne
tometer. Cerro Bolivar was identified as 
a promising site from inspection of aerial 
photographs and the presence of ore 
was confirmed by air-borne magnetome
ter. The big iron deposit of the Nimba 
Mountains in Liberia was located by air
borne magnetometer. And in the U.S., 
which had already been prospected in
tensively for iron ore, the air-borne mag
netometer has helped to locate large 
deposits on Pea Ridge in Missouri and 
near Morgantown, Pa. 

The air-borne magnetometer can also 
indicate the possible location of minerals 
other than iron. The presence of non
magnetic ores, such as copper and baux
ite, may be signaled by a magnetic read
ing that is below the normal background 
level. Thus the air-borne magnetometer 
was responsible for locating the New 
Rosko copper deposit in Quebec, a lead 
deposit in southeastern Missouri and 
large bauxite deposits in Surinam and 
Venezuela. 

Electromagnetic surveying from the 
air has led to the discovery of a new 
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1961 GNP. ENERGY 
NAT I ONS (DOLLARS PER CAPI TA) CONSUMPT I ON 

(KG. H.C.E. PER CAPI TA) 
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sumption of materials other than steel have been scaled to the U.S. 

bar for steel. Asterisks indicate that values are not for 1961 but 

for the most re('ent year available. Fertilizer consumption is the 

sum of three common types, phosphatic, nitrogenous and potash, 
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MAJOR MINERAL DISCOVERIES have been made in every con· listed here represent a fair selection, except for discoveries in the 

tinent except Antarctica since the end of 'Vorld War II. Those Communist countries, where information is scanty. Many of the 
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production, they reflect consumption quite 
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copper deposit at Mattagami in Ontario 
and a huge new nickel deposit in Mani
toba. The nickel deposit, known as the 
Thompson ore body, may be the most 
important find that has been made with 
the new air-borne geophysical methods. 

Another new prospecting tool of grow
ing importance is geochemistry. In this 
method sensitive chemical indicators are 
used to find traces of sought-for metals 
in soils, streams and vegetation. These 
trace materials are then used as clues for 
locating a hidden ore body. 

Air-borne geophysical methods are 
particularly well suited to underdevel
oped regions where territories are large, 
ground surveying is difficult and topo
graphic maps are often nonexistent. In 
the past 10 years millions of square 
kilometers of Latin America, Africa 
and Asia have been mapped photo
graphically from the air and have been 
surveyed by one or more of the air-borne 
geophysical instruments. Although costs 
are high, they are orders of magnitude 
less than what it would cost to do the 
same job from the ground. An air-borne 
survey combining the magnetometer and 
scintillometer costs about $7 per linear 
kilometer, or about $6,000 per 1,000 
square kilometers. If electromagnetic in
duction is added, the total cost is $15,000 
to $20,000 for the same area. Obviously 
it will take many years and many millions 
of dollars to survey the world in reason
able detail. Today only 65 per cent of 
the U.S. has been topographically 
mapped and only 20 per cent has been 
mapped geologically. 

Even after an underdeveloped country 
(or a developed one, for that mat

ter) has discovered a deposit of ore 
worth mining, the job has only begun. 
Unless the ore is exceptionally rich, ac
cessible and convenient to h'ansporta
tion, a heavy capital investment is usual
ly required to dig it out, process it and 
move it to market. Usually technical and 
financial assistance from one of the de
veloped nations will have to be sought. 
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new finds have been made with the help of new air.borne geophysical instruments, such as 

the magnetometer. The aerial methods are ideally suited for prospecting in remote regions. 

And gauging the proper capital invest
ment may be difficult. It is often a mis
take, for example, to mechanize a mine in 
an underdeveloped land as fully as a 
comparable mine in a more advanced 
nation. Frequently the capital needed 
for high mechanization could be better 
spent elsewhere in the economy. Since 
most underdeveloped lands have a labor 
surplus it may be better to employ many 
workers at a modest wage than to em
ploy a few skilled machine operators at a 
wage disproportionate to that prevailing 
in other fields. 

Another difficult question is whether 
to sell the crude ore as it is mined or to 
beneficiate it and thereby obtain a higher 
market price and lower freight rates. 
Again, the cost of a beneficiation plant 
must be weighed against other demands 
for capital. Whatever the decision, a poor 
country lucky enough to find a sizable 
ore deposit must recognize that it has 
found an important capital asset. To 
hoard it and leave it unmined would be 
folly. Last spring at Geneva, Harrison S. 
Brown of the California Institute of 
Technology spoke on this point at the 
United Nations Conference on the Ap
plication of Science and Technology for 
the Benefit of the Less Developed Areas. 
Funds derived from the sale of mineral 
resources, Brown said, "should be con
verted to other forms of capital, which 
are of equal or greater value, particular
ly into basic industrial installations and 
into power, transportation and communi
cation systems. The conversion of high
grade resource assets into current living 
expenses by means of export can lead to 
tragedy." 

If an underdeveloped country wishes 
to convert a portion of its ore into fin
ished metal, it faces another level of 
capital cost and technological difficulty. 
Refining requires supplementary materi
als, which may or may not be readily 
available. For example, iron production 
requires limestone and metallurgical 
coal that can be converted to coke. 
Throughout most of Africa, Latin Amer
ica and Asia such coal is scarce. In fact, 
it can be set down as a rule that no nation 
has yet built an advanced economy with
out a cheap and ready supply of metal
lurgical coal. 

The problem of producing iron with
out high-grade coal is one to which the 
Western world, with all its vaunted tech
nology, cannot supply a ready-made 
solution. The problem is being worked 
on, however, and a number of processes 
look promising. There are two general 
approaches. One is to convert low
rank coals into a coke with the prop
elties needed in a blast furnace. The 
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TWO STEELMAKING METHODS are .'ompared in these dia

grams. In the conventional process (bottom) high-grade metal

lurgical coal is converted to coke and fed to a blast fnrnace along 

with limestone and iron ore. At least a portion of the ore must be 

agglomerated into clinkers before use. In the Strategic-Udy process 

(top) iron-ore "(ines," low-rank coal and limestone are fed to a 

rotary kiln, which replaces the blast furnace. Final conversion to 

pig iron, and ultimately to steel, occurs in electric furnaces. 

other is to reduce the iron ore direct
ly with low-rank coal, oil or natural 
gas by a techni<lue not re'luiring a 
blast furnace, 

The FMC Corporation and the Unitcd 
States Steel Corporation have jointly 
developed a process that converts low
rank coals to blast-furnace coke. In this 
process the coal is crushcd and partially 
oxidized in a "fluidized bed"; a reaction 
chamber in which fine particles behave 
somewhat like a fluid. After moisture 
and volatile hydrocarbons have been 
drivcn off, the particles are pressed into 
briquets, which are further treated to 
yield a product with properties almost 
identical with those of blast-furnace 
coke. 

A number of direct-reduction proc
esses bypassing the blast furnace have 
been studied. One of them, called the 
Strategic-Udy process, is being tried on 
a pilot-plant scale at the Orinoco Steel 
Plant of Corporacion Venezolana de 
Guayana (CVG). The process, con
ceived by Marvin Udy, has been de
veloped jointly by the Strategic Materials 
Corporation and the Koppers Company, 
Inc. In the process low-rank Venezuelan 

1 36 

coal, iron ore and Huxing materials are 
fed into a giant rotary kiln, where partial 
reduction of the iron ore takes place [see 
illustration above]. The kiln product 
is transferred directly to an electric fur
nace, which completes the reduction 
and produces pig iron. 

rrhis article has mentioned only a few 
, - of the minerals essential to a vigorous 

economy. Of the 65 metallic elements 
in the periodic table the U.S. uses 30 
in substantial commercial 'luantities. It 
uses 10 of them in amounts exceeding 
50,000 tons a year and another 10 or 12 
in amounts exceeding 1,000' tons a year. 
Only one of them, magnesium, which is 
extracted from sea water and other 
brines, is in virtually unlimited supply. 
In addition to metals the U.S. consumes 
more than 20 other mineral substances 
(e.g., salts of various kinds, sulfur, bro

mine, chlorine, iodinc, phosphate rock, 
asbestos, gypsum, talc and mica) in 
lluantities exceeding 1,000 tons a year. 
Of these perhaps half are (Illite abun
dant and create few problems either for 
the U.S. or for most underdeveloped 
countries. 

In spite of the accelerating drain on 
the world's mineral resources it is now 
becoming recognized that they will nev
er really be exhausted, Just as advances 
in technology have made it possible to ex
ploit today ores so lean they would have 
been cOllsidered worthless only .50 years 
ago, new advances will make it possible 
to extract metals from still leaner ores in 
the future. In effect, technology keeps 
creating new resources. Meanwhile new 
gcophysical and geochemical tools have 
uncovered a remarkable number of un
expectedly rich mineral deposits, which 
the world, if it is wise, can use as capital 
assets to advance the well-being of all. 
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Education for Development 

Capital investlnents can be Inade not only zn industry but also 

zn people. This article compares proble,ns of education In four 

underdeveloped countries: Nyasaland, ColOlnbia, China and Egypt 

T
he progress of a nation depends 
first and foremost on the progress 
of its people. Unless it develops 

their spirit and human potentialities it 
cannot develop much else-materially, 
economically, politically or culturally. 
The basic problem of most of the under
developed coun tries is not a poverty of 
natural resources but the underdevelop
ment of their human resources. Hence 
their first task must be to build up their 
human capital. To put it in more human 
terms, that means improving the educa
tion, skills and hopefulness, and thus the 
mental and physical health, of their men, 
women and children. 

The way to start seems obvious and 
(Iuite uncomplicated: build schools and 
launch a massive program of primary 
and secondary education and technical 
training. But the problem is not really 
that simple. These countries are not in 
a position to adopt any such crash pro
gram. Their limited funds for invest
ment in education must be placed where 
they will do the most good. Moreover, 
the shotgun approach may create more 
difficulties than it solves; in some coun
tries the training of more engineers, for 
example, may produce nothing but trou
ble. In any country, developed or un
derdeveloped, education can become so
cially malignant if its people do not have 
a chance and incentives to use it. 

Each country therefore needs to think 
out a strategy for the education and 
development of its human resources. The 
strategy should be based on the char
acter and traditions of its people, the 
stage of the country's development and 
the opportunities available for its ad
vancement. This conclusion has been 
strongly impressed on me by a compre
hensive study of 75 countries I have 
made in collaboration with Charles A. 
Myers of the Massachusetts Institute of 
Technology, which will shortly be pub-
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by Frederick Harbison 

lished as a book under the title Educa
tion, Manpower and Economic Growth. 

I will present in this article some of 
the main ideas that have come out of 
the study, illustrating them with brief 
descriptions of the situations in four 
countries that represent different stages 
of development, with problems typical 
of each stage. The four countries are 
Nyasaland, Colombia, China and Egypt. 

N yasaland is � small count
.
ry in east 

central Afnca that is fauly repre
sentative of a number of the newly 
emerging African states (Tanganyika, 
Kenya, Nigeria, Mali, Gabon, Northern 
Rhodesia). It ranks as one of the least 
developed countries. It has been ex
ploited for three cash crops-tea, tobacco 
and cotton-grown on large plantations 
that until now were owned and managed 
mainly by white settlers. Most of the 
country's three million people are small 
farmers scratching out a meager living; 
the estimated per capita income is only 
about $60 a year. Modern industrializa
tion is far beyond the present reach of 
the country and therefore its economic 
growth must depend largely on the de
velopment of its agriculture. 

Nyasaland now has its own govern
ment and legislature, but it still must de
pend on foreigners to fill about 90 per 
cent of the high-level jobs in government 
and private occupations that require peo
ple with at least a secondary school edu
cation. In the entire country there are 
only a handful of native doctors, one 
lawyer, one engineer and not a single 
native stenographer. The country has no 
scientists of its own. No more than 
about 400 Nyasas have completed sec
ondary school and only about 50 have 
had any university education-all, of 
course, outside the country. 

Although about 40 per cent of the 
children of elementary school age at-

tend school, the dropout rate is very 
high: of 33,000 who started school in 
1951, only 620 went as far as 10 years 
of schooling. Most of the country's ele
mentary school teachers are ull(lualified, 
having had no more than a primary edu
cation themselves, and in the secondary 
schools only about a third of the qualified 
teachers are African. 

Naturally the Nyasaland government 
has an acu te desire to make the coun try 
truly independent by training Africans 
for the high-level jobs in government, 
business and education that now have to 
be turned over to non-Africans. Since 
this will be at best a slow process, it 
appears to be the better part of discre
tion for the government to keep the for
eigners as long as possible and enlist 
their co-operation in training their even
tual replacements. And in the replace
ment program the government's best 
prospect is to upgrade and train Africans 
on the job-within the government, busi
ness establishments, plantations, schools 
and other institutions in which it needs 
skilled people. 

The Nyasas who take over these jobs 
naturally want to be paid the same 
salaries as the foreigners they replace. 
This is difficult for the government, be
cause it faces extraordinarily high ex
penses for the educational and other new 

HUMAN·RESOURCE DEVELOPMENT in 

SS nations is indicated in chart at left on 

opposite page. Arbitrary index, devised by 

author and Charles A. Myers of Massachu· 

setts Institute of Technology, reAects enroll· 

ment ratio of relevant age groups in second· 

ary and higher education. Cray bars at right 

side of chart show gross national product. 

Harbison and Myers found close correlation 

between education and national product, 

although other factors such as nation's reo 

sources and markets also inAuence C.N.P. 
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PROPORTION or PROlcESSIONALS in a population is an indio 

.. at ion of level of human·resource development. Harhison and 

Myers grouped 7S countries into four levels of educational develop. 

ment: J, underdeveloped; II, partially developed; III, semiad· 

POPULATION IN AGRICULTURE 
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WIDE DISPARITY between the underdeveloped and the advanced 

nations appears in other indicators. Again in each group of bars 

Level I countries are at top and Level IV countries at bottom. Pro· 
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vanl·ed; IV, advanced. The chart shows the different proportion of 

professional people at each level. In each of the three job cate· 

gories, top bar represents the Level I eountries, other bars Levels 

lJ-IV. Filling gap often requires use of foreign professionals. 
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portions in primary, secondary and higher education are per cents 

of the relevant age groups; proportion in "Law, humanities and 

fine arts" is per cent of the total enrollment in higher education. 
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services it must organize. Yet it must 
establish a rational svstem of incentives 
for its own people, 

-
making compensa

tion commensurate with the importance 
of the job rather than with family status, 
political connections or other consider
ations that have dictated payment in 
the past. Without a proper system of 
incentives for ability and performance 
the investment in education will be 
wasted from the standpoint of contribut
ing to the country's progress. 

In building its educational system for 
the next two decades Nyasaland faces 
some hard choices. How much should 
it invest in elementary education and 
how much in secondary? If it is to make 
headway as a nation, it needs a literate 
people and a stronger wellspring of 
schooled youngsters coming up to build 
its future. On the other hand, it must 
have as soon as possible a core of edu
cated Nyasas who can serve as the 
leaders of its economic and political de
velopment when the foreigners leave. 
Necessarily, then, for the next 10 years 
it should give the highest priority to sec
ondary school education, which today 
enrolls only 1.5 per cent of Nyasaland's 
children of high school age. 

Should it concentrate on general edu
cation in the secondary schools or on 
vocational and technical training? 
Again the decision is difficult but un
avoidable: general education is clearly 
indicated. Vocational training is four to 
five times more expensive per student; 
there are no schoolteachers competent 
to give it; it is difficult to forecast exactly 
what vocational skills the new nation 
will need most, and such training can be 
given more efficiently on the job. 

In the case of higher education the 
choice is also tricky but, for good and 
understandable reasons, it is less difficult. 
For some time to come it would be 
cheaper for Nyasaland to send students 
to universities abroad and pay their 
tuition than to build a university. As 
a matter of national prestige, however, 
and to retain its ablest youths instead 
of running the danger of losing them 
permanently, it is important to Nyasa
land to have its own university. Conse
quently the present government has 
committed itself to building an institu
tion of higher education. It will be able 
to focus on the kinds of higher learning 
the nation needs most and to stand as 
a symbol and leader of its culture. 

Although elementary schooling must 
take a back seat in financing for the 
next decade, it need not languish. The 
main emphasis there should be on im
proving the <Juality of teaching and see-

ing that those pupils who do enter school 
go through to the end of the primary 
grades. A beginning can also be made in 
introducing modern tools of education, 
such as appropriate local textbooks and 
study materials, visual aids, radio, tele
vision and other devices. And once the 
immediate necessities of secondary and 
higher education are taken care of 
Nyasaland should move on to provide 
elementary schooling for all its children. 

Last but not least, Nyasaland and all 
other countries in its situation have a 
great need and opportunity for adult 
education. Formal classes in basic educa
tion for the country's men and women 
could go a long way toward making up 
for the deficiencies of their early school
ing and raising the national literacy. In 
addition to this the adult education pro
gram should offer extension courses in 
agriculture, health, child care, home 
building and other subjects that will be 
an immediate contribution to the im
provement of the lives of the people. 

Colombia, usually classed as an un-
derdeveloped country, is fairly well 

advanced compared with Nyasaland. On 
our scale of measurement of human re
sources it stands about midway between 
primitive Nyasaland and the developed 
countries of western Europe. We classify 
it as a "partly developed" country, along 
with some other countries in Latin Amer
ica and nations such as Turkey, Iran, 
Pakistan and Ghana. 

Colombia has 13.6 per cent of its high
school-age youngsters enrolled in sec
ondary schools, compared with 1.5 per 
cent in Nyasaland; it has 25 universities, 
with 1.8 per cent of its college-age popu
lation enrolled; its gross national prod
uct per capita is about $260, against 
Nyasaland's $60. Colombia is still pri
marily agricultural, with 54 per cent of 
its people engaged in farming, but it has 
rapidly growing industries and its eco
nomic growth in the near future will de
pend mainly on further industrialization. 

For top-level jobs Colombia has all 
the educated manpower it needs, except 
in engineering and science. But it is very 
short of skilled people at the technical 
and subprofessional levels: technicians, 
foremen, assistants in agricultural re
search and guidance, teachers, nurses 
and so on. 

Colombia's system of higher education 
is unbalanced, offering as it does many 
courses of study in the humanities and 
law but few in science and engineering. 
Moreover, the <Juality of its universities 
is low: they are poorly equipped with 
libraries and laboratories and rely almost 

entirely on ill-trained, part-time teachers. 
The emphasis on the humanities and law 
at the expense of the sciences is an ex
pression of the sacrifice of quality for 
quantity; it costs only about a sixth to a 
fourth as much to give the students law 
courses as it does to teach them engineer
ing or science. Thus Colombia finds (as 
countries starting their own universities 
also do) that it can accommodate the 
largest number of students per dollar 
by skimping on science and technology. 

Even more inadequate is the training 
of technicians and subprofessional work
ers. Compared with 23,000 students in 
the universities, Colombia in 1962 had 
only 1,150 in technical institutes; it is 
turning out more engineers than tech
nicians, although the proportion should 
be the other way around. In the develop
ing countries even more markedly than 
in advanced ones, young people prefer 
college to a technical school by a wide 
margin because it means higher prestige 
and better pay when they graduate. 

Oddly enough, although Colombia 
supports 25 universities and offers a uni
versity education at a very low tuition, it 
shows much less interest in secondary 
education. There are few public sec
ondary schools; most Colombians who 
want to go to college must prepare at a 
private school. Enrollments in the private 
preparatory schools are limited, and less 
than 5 per cent of Colombian families 
can afford their fees. Thus secondary 
education in Colombia is a bottleneck 
allowing only the children of the rich 
to go on to universities, instead of being 
a door leading to opportunity for the 
development of the country's able youth. 

Colombia's primary schooling also is 
underdeveloped. Considerable money 
has been spent in building schools, but 
the curriculum is poorly planned, the 
teaching substandard and the dropout 
rate high. By the third grade a majority 
of the pupils have quit, and only about 
an eighth of the children who enter the 
first grade go all the way through the 
five years of elementary school. 

The strongest element in Colombia's 
educational establishment is a system 
of training factory workers that is fi
nanced by a tax on employers and con
trolled by their organizations. Outstand
ing is the work of the National Service 
of Apprenticeship (SENA). It has built 
and equipped modern vocational train
ing centers, employs expert instructors 
and not only trains apprentices but also 
gives in-service instruction of many 
kinds to workers in the factories. 

In Colombia as in Nyasaland the 
greatest immediate need, from the stand-
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#6 in a series by Ultek, a company 
founded on practically nothing 

Who says 
Ultek ion 

pumps never 

ANSWER: o,:',:�,,J 

And he ought to know; he invented the 
ion pump, which operates by trapping 
gas particles in a film of reactive metal 
(titanium) sputtered by a cold-cathode 
discharge in a magnetic field. And in the 
several years since the invention of the 
pump, our leader reports, there is as yet 
no known case of failure due to exhaus
tion of cathode material. 

The reason, actually, can be shown by 
simple arithmetic. Since a given volume 
of titanium will entrap an appro;,;mately 
equal volume of condensed gas, and 
since the 3.5 x 10'2 molecules in a liter 
of gas at 10-7 torr can be condensed into 
a volume of 3.5 x 10-10 cubic centime
ters in the solid form, it should be ob
vious that a very large number of liters 
of gas can be condensed into an ex
tremely small volume. 

If it isn't at once obvious, or even if it 
is, and you'd like to know more about 
ion pumping in general and Ultek ion 
pumps in particular, we heartily recom
mend your sending for the newest edi· 
tion of "A little bit about almost noth· 
ing," a 52·page, pocket·size, privately· 
circulated pamphlet which condenses, 
like our titanium, a large volume of gas 
in a small amount of space. Ask for our 
booklet #82. 

BOX 10920, PALO ALTO, CALIFORNIA 

Offices in New York, Boston, Cleveland, Chicago, 
Philadelphia, Los Angeles, Seattle, Palo Alto; repre
sentatives in major cities overseas 

144 

point of developing the country's human 
resources, is to expand and reform the 
secondary school system. Along with 
providing free secondary education for 
all those who are qualified to take ad
vantage of it, Colombia should develop 
the agricultural, scientific and enginecr
ing faculties of its universities. It should 
improve the quality of the stud�nt body 
and of the teaching in the universities 
rather than merely enroll as many stu
dents as possible. This shift in emphasis 
would be politically unpopular, but a 
proper system of incentives could make 
it palatable. The government will need 
to take the lead in improving the relative 
pay and status of scientists, engineers 
and workers in other professions where 
there are critical shortages. The same 
strategy should be applied to the re
cruitment of people into the. technical 
and subprofessional occupations. These 
jobs probably could be made sufficiently 
inviting if the pay were comparable to 
that received by general college gradu
ates and if the subprofessionals were 
given opportunities for promotion to pro
fessional posts by taking spare-time uni
versity courses. 

C hina, our third illustration, also is a 
.-A partly developed country. Its edu

cational enrollment ratios are much like 
Colombia's: it enrolls about 40 per cent 
of the population in elementary schools, 
14 per cent in secondary schools and 1 
per cent in higher education. But there 
the resemblance ends. The mere statis
tics in this case give little indication of 
the size and intensity of China's educa
tional effort and progress. 

The Communist government of main
land China has organized an all-out pro
gram to train and mobilize manpower. 
In the nine years between 1950 and 
1959 China increased its enrollment in 
elementary schools threefold, in second
ary schools ninefold and in higher edu
cation sixfold. Today the country has 
100 million students in school-more 
than the combined totals of the U.S. and 
the U.S.S.R. It is turning out three
fourths as many engineers as the U.S. 
and ranks third in the world in this re
spect, after the U.S.S.R. and the U.S. 
in that order. Perhaps the most remark
able statistic, giving the measure of 
China's effort, is that, of the country's 
present 250,000 scientists and engineers, 
90 per cent have been trained since the 
Communist government came to power 
in 1949. 

Once a land of philosophers, artists 
and peasants, China is being transformed 
into a nation of technocrats. Its Con-

fucian sages have been replaced by 
scientists, engineers and industrial man
agers. Its educational program is geared 
mainly to industrialization. In its uni
versities the humanities have been down
graded, and more than 55 per cent of 
the students are enrolled in science and 
technology, compared with 25 per cent 
in most other countries. China seeks to 
gain standing as a world power through 
rapid industrialization, and as its first 
objective it aims to reach Britain's level 
in industrial production by 1967. 

China has a long way to go economi
cally. Its gross national product per 
capita is probably no more than $75. The 
strategy of its officials and planners in 
education seems to be to try to do every
thing at once-to attack all the expedient 
approachcs and above all to emphasize 
action. As recently described by a Chi
nese Communist newspaper, the educa
tional program includes schools operated 
not only by the state but also by all 
kinds of agencies including factories, 
mines and "street organizations." The 
Chinese people are studying full time 
and part time, in school and at home, 
in tuition courses and free ones. The 
lJuality of most of their education, in
cluding much of that in the universities, 
is (Juestionable, and so is the strategy 
of an onward rush by any and every pos
sible means. It may result in crippling 
steps backward as well as leaps ahead. 

Egypt, our fourth example, is an odd 
case: except in certain specialties, it 

has a larger number of highly skilled 
people than it can use. The reason I have 
chosen to discuss its situation is that 
Egypt represents certain countries 
(among them India) that seem to be 

spending more effort in producing high
level skills than is justified by their pres
ent stage of development. 

By most criteria Egypt is an under
developed country-limited in resources, 
mainly a nation of farmers (65 per cent), 
low in gross national product per capita 
($140) and only semiliterate in terms of 

the proportion of its children who go to 
elementary school. But taking secondary 
and higher education into account, Egypt 
is a semiadvanced country. 

In proportion to its population Egypt 
has more students in universities than 
Britain and twice as many in secondary 
and higher education as West Germany. 
Egypt has an alarmingly high rate of 
unemployment among university gradu
ates, and the government is hard pressed 
to find jobs for them as junior clerks and 
minor functionaries in the already over
staffed ministries. Thousands of Egyp-
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Unity in Variety 

From laser crystals to protein synthesis, the eyes and ears 

of science daily discover fascinating new phenomena. And 

the mind of man continues to find basic underlying com

mon denominators that bind nature's infinite variety 

together and make it one. 

We believe this Unity in Variety is a good management 

principle for a growing corporation. 

At Celanese, for instance, our Fibers, Chemicals, Plastics 

and Polymer Companies produce hundreds of products, 

many of which seem to be unrelated. But at the heart of 

the corporation is the unifying technology of polymer 

chemistry, a coordinated plan for world-wide marketing, 

and common financial controls. Celanese® 
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Technical, Business and Economic Organizations. World-Wide, Order . .  ,; 
CONTROL DATA® 3600 . . .  The International Computer 
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international scale. 
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and other scientific laboratories in the U.S. and 

abroad for the solution of the largest, most com

plex scientific problems. Control Data 3600 

Computers are to be used for some of the world's 
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• Commonwealth Scientific & Industrial Research 
Organization, Canberra, Australia 

• Commonwealth Bureau of Census, Melbourne, 
Australia 
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tian schoolteachers, engineers and agron
omists have left home to teach and work 
in neighboring Arab countries. 

The government of Camal Abdel 
Nasser is attempting to relieve the pres
sure of high-level unemployment and 
correct Egypt's unbalanced educational 
system in several ways. It is encouraging 
its unemployed graduates to work in less 
developed countries and is inviting those 
countries to send students to its universi
ties. It plans to expand and improve the 
education of skilled technicians and ad
ministrative personnel, of whom it has a 
shortage. It could and should proceed 
rapidly to provide elementary schooling 
for all its children, for which it can easily 
train all the teachers it needs. Common 
sense also suggests that Egypt should cut 
back its university enrollments and raise 
the standards of secondary and higher 
education. The clamor of parents and 
their children for more education, how
ever, makes this politically impossible. 
Consequently it appears that Egypt's 
best hope is to go in for kinds of eco
nomic development that give maximum 
opportunities for the employment of 
highly educated people. 

1' hese four countries-Nyasaland, Co-
. lombia, China and Egypt-are merely 

samples of the 75 that Myers and I have 
studied, from the world's most under
developed nations to the most advanced. 
I should like to sum up a few of the 
generalizations that emerged from the 
study. 

First, there is a strong correlation be
tween a country's educational develop
ment and its economic productivity. 
Using an indicator of educational devel
opment that is based on the enrollment 
in secondary schools and universities, 
we found that in the 75 countries the co
efficient of correlation between educa
tional level and the gross national 
product per capita is .888. The best 
single indicator of a country's wealth in 
human resources is the proportion of 
its young people enrolled in secondary 
schools. 

Second, education alone is not enough 
to assure a nation's prosperity. For ex
ample, in its level of education Japan 
certainly ranks among the world's top 
10 countries, but its gross national prod
uct per capita is onlv about $300-far 
below the advanced countries' $1,100 
average. Egypt, India and Thailand also 
rank high in education and relatively low 
in gross national product per capita, 
whereas in countries such as Saudi 
Arabia, Liberia and Venezuela the situa
tion is reversed. Obviously many factors 

other than education enter into a coun
try's economic progress, including its 
natural resources, foreign markets, out
side assistance and so on. Therefore 
we cannot say that an investment of x 

dollars in education will produce a !J 
result in economic growth. All we can 
predict is that a well-educated and moti
vated people will do extraordinarily well, 
as the little country of Israel, with its 
very limited natural resources, is demon
strating today. 

Third, in its educational investment 
a country must adopt a balanced pro
gram, suited to its own needs and stage 
of development, or it may run into trou
ble. It will have a number of choices to 
make, and for its educational program it 
will have to find the best compromise 
among: (1) quality and quantity, (2) 
science and the humanities, (3) voca
tional training in school and on the job, 
(4) regulation of salary incentives by 
the state and by the market and (5) 
the needs of the individual and the needs 
of the state. 

Fourth, a country's educational in
vestment and goals must be shaped real
istically to the level of its economic 
development. Whereas in a nation such 
as the U.S. a high school education bare
ly qualifies a person for a semiskilled job, 
in an underdeveloped or partly devel
oped country it may suffice for the high
est positions until the country is able to 
ad vance to a higher level. 

Fifth, education generates a strong 
demand and push for more education. 
This has been true in all the advancing 
countries. The development of elemen
tary schools creates a demand for sec
ondary education and this in turn for 
higher education of many kinds. Unlike 
the demand for material goods, which 
may become saturated, the demand for 
education is never really satisfied, not 
only because it offers the individual an 
endless frontier of advancement in career 
and status but also because it opens ir
resistible frontiers for the human mind 
and curiosity. 

Detailed quantitative research on edu
cation as a factor in national develop
ment is itself in need of development. 
Many of the variables can be identified 
as precisely as variables in economics, 
and it should be possible to work out 
rational strategies in educational policy 
as in other economic affairs. 

Unfortunately it seems most unlikely 
that science will ever find a formula for 
the abolition of inertia and political im
morality. But education contains seeds 
that, as history has repeatedly shown, 
can inspire and energize a whole people. 
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The Structure of Development 
Analysis of an econom�y by the "input-output)) m ethod reveals its 

internal structure, which lS dictated largely by technology. Applied 

to underdeveloped econ01nies, the technique lnaps out paths to growth 

Estimates of gross national product, 
total consumption, income per 
capita, rate of investment and 

similar indices of economic activity are 
now compiled and published by practi
cally all countries. Such figures give 
quantitative expression to the otherwise 
plainly apparent fact that some countries 
are rich and others poor. When they have 
been plotted over the recent past, they 
indicate that the gap between the rich 
and the poor has been widening. These 
statistics do not of themselves suggest 
any ready explanation of the difference 
in over-all performance among the na
tional economies. Nor do they point to 
any practical ways to narrow the gap. 

As the authors of the preceding ar
ticles in this issue of SCie11tific American 

SECTOR 1 : 

by W assil y Leontief 

have shown, the earth's resources are 
ample for the needs of the present world 
population and even for a much largcr 
one. It is true that the distribution of 
resources is uneven. It is also true that 
the poor countries do not make full use 
of the resources they have. They raise 
less food per acre and per man-hour, 
and they realize little of the value of 
their mineral wealth above the price of 
the ore or the crude oil at the dockside. 
Described in these terms the disparities 
in the well-being of nations are nowa
days summed up in the somewhat more 
useful observation that they reRect dif
ferences in degree of "development." 

For the understanding that must pre
cede any constructive action it is neces
sary to penetrate below the surface of 

INPUT 
SECTOR 2: FI NAL TOTAL 

AGRICULTU RE MANUFACTURES DEMAND OUTPUT 

I-
::> 
a.. 
I-
::> 
0 

SECTOR 2: 
MANUFACTURES 

HOUSEHOLD 
SERVICES 

SECTOR 1 
AGRICULTUR E 

SECTOR 2 
MANUFACTU RE S 

HOUSEHOL 
SERVICES 

D 

.. ......... _ .... _-

20 55 100 
, UNITS 25 

30 50 
UNITS 14 

40 300 
UNITS 80 

INPUT/OUTPUT COEFFICIENTS 
, 

SECTOR 1: SECTOR 2: FINAL 
AGRICULTURE MANUFACTURES , DEMAND 

I 
0.25 040 0.183 

0.14 0.12 0.100 

0.80 3.60 0.133 

INPUT-OUTPUT table (top) and input-coefficient matrix (bottom) show "internal" trans

actions between pro ductive sectors of simple model economy in relation to "Final demand" 

and "Total output" of each sector.  Table displays outputs from each sector in corresponding 

horizontal row, inputs to each sector in vertical column. In matrix the columns display ratio 

between each input to  a sector and total output of the sector (see text on opposite page). 
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global statistics and such round terms 
as "development." Each economic sys
tem-even that of an underdeveloped 
country-has a complicated internal 
structure .  Its performance is determined 
by the mutual relations of its differen
tiated component parts, just as the mo
tion of the hands of a clock is governed 
by the gears inside. Over the past 25 
years the internal economic gearwork of 
a large number of countries has been 
described with increasing clarity and 
precision by a technique known as "in
terindustry analysis," or "input-output 
analysis." Because the results improve as 
more fine-grained statistics are fed into 
it, the technique has demonstrated its 
effectiveness largely in the study of more 
highly developed economic systems. 

l'he data of input-output analysis are 
the Rows of goods and services inside 

the economy that underlie the summary 
statistics by which economic activity is 
conventionally measured. Displayed in 
the input-output table, the pattern of 
transactions between industries and oth
er major sectors of the system shows 
that the more developed the economy, 
the more its internal structure resembles 
that of other developed economies. 
Moreover, from one economy to the next 
the ratios between these internal transac
tions and the external total activity of 
the system-true gear ratios in the sense 
that they are determined largely by tech
nology-turn out to be relatively con
stant. 

Recent advances in input-output an
alysis and in the bookkeeping of un
derdeveloped countries have made it 
possible to apply the technique to a 
number of these economies. Their input
output tables show that in addition to be
ing smaller and poorer they have internal 
structures that are different, because 
they are incomplete, compared with the 
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INTERNAL STRUCTURES of model economies are revealed by 

input-output tables_ Colored squares signify inputs from sector in a 

given ho rizontal row to sectors in vertical columns intersected by 

the row ; gray squares, the input from each sector to "Final de

mand" ( D) ; black squares, the total output (T) of each sector ; 

open squares, the inputs of prime factors from "Household serv

ices" (H) _ Table at upper left shows completely "interdependent" 

economy ; table at upper right shows random pattern of interin

dustry transactions_ Latter table appears at lower left with sectors 

rearranged ( note sequence of sector "call numbers") ; this "trian

gulation" of table reveals hierarchical pattern of interindustry 

transactions_ "Block triangular" model at lower right shows interde

pendence o f  industries within blocks, as in first model, and hierar

chical relation between blocks as in third (see page 151 of text). 

developed economies. From such com
parative studies a fundamental analytical 
approach to the structure of economic 
development is now emerging. 

Construction of a national input-out
put table is a major statistical enterprise. 
By now tables for some 40 countries have 
been prepared. Some countries (among 
the underdeveloped countries: Israel, 
Egvpt, Spain and Argentina) have pub
lished comprehensive, detailed and quite 
accurate tables. Others, having just en
tered the ReId, have not vet advanced 

beyond rather sketchy compilations of 
limited accuracy. The growing literature 
in this field, however, testifies to the fact 
that, with the practical know-how gained 
in the preparation of the first experimen
tal table, the second- and third-genera
tion tables become invested with the 
elaboration and professional finish re
quired for an effective scientific instru
ment. 

The input-output table is not merely 
a device for displaying or storing infor
mation; it is above all an analytical tool. 

Depending on the purpose at hand and 
the availability of reliable information, 
the economy can be broken down into 
any number of industries or sectors. The 
table for the U.S. economy as of 1947, 
prepared by the Bureau of Labor Sta
tistics of the U.S. Department of Labor, 
has 450 sectors. For purposes of this 
demonstration an economy can be bro
ken down into two industrial sectors: 
agriculture and manufactures [see illus
tration on opposite page]. In the table for 
such a simple model economy the num-
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bers in the horizontal row labeled "Agri
culture" show that this sector, in the 
course of delivering 55 units of output 
as end products to "Final demand" and 
20 units as raw materials (for example 
cotton) to " Manufactures," delivers 25 
units of its own output (for exam pIc 
feed grains) to itself. "Final demand" 

LEATHER 

FOOD AND TOBACCO 2 

FISHING 3 

MISCELLANEOUS 
4 

INDUSTRIES 

MACHINERY 5 

IRON AND STEEL 6 

NONFERROUS METALS 7 

NONMETAL MINERALS 8' 

PAPER 9 

LUMBER AND WOOD 10 

RUBBER 11 i 

APPAREL AND TEXTILES 12 

CHEMICALS 13 1 
AGRICULTURE 14 ! 

ELECTRICITY 15 i 

COAL PRODUCTS 16 

COAL MINING 17 

PETROLEUM AND 
18 i 

PRODUCTS ' 

TRANSPORT 19 

TRADE AND SERVICES 20 

HOUSEHOLD SERVICES 
159 1,067 

can here be taken as including the goods 
and services consigned to investment and 
export as well as to current consumption 
in the households of the economy. The 
total output of 100 units from the agri
cultural sector therefore satisfies both 
thc "direct" final demand for its end 
products and the "indirect" demand for 

4tJ !!J I') 
21 907 2,119 845 214 247 

:73 303 
311 428 

its intermediate products. On the input 
side the numbers in the column labeled 
"Agriculture" show that in order to pro
duce 100 units of total output this sector 
absorbs not only 25 units of its own 
product but also 14 units of input (for 
examplc implements) from "Manufac
tures" and 80 units-of labor, capital and 

141 4-' 43 

141 1002 578 1,970 324 129 270 538 

DEVELOPED ECONOMIES of the U.S. (black squares and num

bers) and of western Europe (colored .'qlUlres and numbers) show 

great similarity in structure when their input·output tahles are "tri

angulated" in same o rder and supe rposed.  Areas of black and col-

ored squares are proportioned to volume of interindustry trans

actions, scaling from largest black square at row 6, .. olumn 5. Gray 

and tinted squares at row 14, column 2, indicate transactions too 

large for this scale. HIntraindustry" transactions, along diagona], 
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; 
; 

other prime factors-from the sector 
called, by convention , "Household serv
ices ."  

The great virtue of  input-output analy
sis is that it  surfaces the indirect in

ternal transactions of an economic system 
and brings them into the reckonings of 

O.E.E.C. EUROPE: WEST GERMAN FEDERAL 

REPUBLIC (NOT INCLUDING WEST BERLIN) 

AUSTRIA BELGIUM DENMARK FRANCE 

GREECE IRELAND ICELAND ITALY 

LUXEMBOURG NORWAY NETHERLANDS 

PORTUGAL UNITED KINGDOM SWEDEN 

SWITZE ,LAND TUI ,KEY 

FINAL DEMAND TOTAL OUTPUT 
233 243 

251 269 

2,973 3,328 

2,848 3,233 

36 58 

13 30 

5Ut 897 

740 1,286 

2 f10 2,813 

3,030 3,370 

583 

542 1,304 

211  

58 342 

152 

264 385 

312 

98 461 

496 

-100' •. ---;_.� 
433 58 1 

I 
-� J ; 

i 
"'QI 

j 

145 273 

r::..' 
1,244 

1,331 1,527 

ILl 836 

l=J 
430 1,073 

Cc' 2,947 

1,002 2,938 

440 I -.--_ .... _. 
181 408 

rd 373 -� .. 116 244 

572 

109 304 

c' 146 

358 648 

1,206 

1,397 2,070 

4,305 

8,713 10,237 

U.S. (1947) O.E t fUROPE 19" 

1,664 9,126 (ALL UNITS = 10 MILLION DOLLARS) 

are not shown. The two negative figures in 

western European final demand indicate 

that imports of the commodities in question 

exceed domestic deliveries to  final demand. 

economic theory. \,Vithin each sector 
there is a relatively .invariable connection 
between the inputs it draws from other 
sectors and its contribution to the total 
output of the economy. This holds for an 
underdeveloped economy, where the in
put from "Household services" necessary 
to produce 100 units of agricultural out
put might represent a full 80 man-years 
of labor, as well as for a highly developed 
country where this input would reflect a 
larger component of capital and is likely 
to be offset by inputs of fertilizers, insec
ticides and the like from the industrial 
sectors. In  fact, for use as an analytical 
tool, the input-output table must be re
cast into a matrix showing the input 
ratios, or coefficients, characteristic of 
each sector. The input-output table  for 
the model economy, recast into such a 
matrix, shows that .25 unit of agricultural 
output, . 14 unit of manufactures and .8 
unit of prime factors from "Household 
services" are required to produce one 
unit of total output from the agricultural 
sector [see illustration all page 148]. 

Each sector or industry thus has its 
own "cooking recipe."  The recipe is de
termined in the main by technology ; in 
a real economy it changes slowly over 
the periods of time usually involved in 
economic forecasting and planning. The 
input-coefficient matrix can be derived, 
as it is in the present demonstration,  
from the interindustry transactions for  a 
given year or from engineering data or 
from a combination of these and other 
sources of information. For any bill of 
final demand, the matrix makes it pos
sible to compute the inputs each indus
try must absorb from all other industries 
in  the course of fulfilling the final de
mand for its output and meeting the in
direct demand for that output generated 
by the final demands of the industries to 
which it in  turn supplies inputs. The 
computation involves the iterative solu
tion of a set of simultaneous linear equa
tions. Since the number of equations 
increases as the sfluare of the number 
of sectors,  the computing of a table suf
ficiently detailed to yield significant in
formation is a task for machines.  

It was the labor of computation that 
prompted the first systematic studies of 
the structural characteristics of an econ
omy as they are displayed in an input
output table. During the late 1940's 
Marshall K. Wood, George D. Dantzig 
and their associates in Project Scoop 
of the U.S . Air Force undertook to re
arrange the rows and columns in a table 
of the U.S. economy in such a way as 
to minimize the computation required 
to yield numerical solutions. Such re-

arrangement brought into sharper relief 
the interindustry and intersectoral trans
actions that tie industrics and sectors 
together in the subunits of the total 
structure of the economv. As more and 
more countries have begun to compile 
tables,  comparative studies of their 
structural characteristics have begun to 
appear. 

Dependence and independence, hier-
archy and circularity ( or multi

regional interdependence ) are the four 
basic concepts of structural analysis .  The 
definition and practical significance of 
each of these ideas can be demonstrated 
visually by schematic model tables in 
which colored squares rather than num
bers signify the presence or absence of 
interindustry tran sactions [see illl/stra
tion on page 149]. In the first of these 
tables a square appears in every one of 
the 225 boxes formed by the intersection 
of the 15 numbered rows and columns of 
the industrial sectors . Each industry in 
such a systcm is dependent on all the 
others;  it supplies inputs to all other sec
tors and draws inputs from all of them. 
Translated into mathematical language, 
this means that each of the 15 variables 
representing the output of each of the 
sectors figures directly in each of the 
input-output equations. In the operation 
of this economy any increase in the out
put delivered by any one sector to final 
demand ( represented by the gray square 
at the right-hand end of the row) would 
require an increase in the inputs to this 
sector ( reading down the column ) from 
all other sectors without exception. Hence 
a single increase in direct demand can 
set up a whole chain of indirect de
mands, ultimately increasing the total 
output of every sector in the system. 

A more likely and natural system is 
represented by the model in which some 
boxes are empty. The industry in whose 
column one of these empty boxes ap
pears draws no input ( or perhaps an in
significant input ) from the industry 
\v+tose row it intersects at this point.  If 
the corresponding box formed by the 
reverse combination of column and row 
is empty, then these two sectors can be 
described as being independent of cach 
other . Where intersectoral dependence 
is indicated by a square in this table , 
however, one such square may trigger a 
whole chain of indirect demands, finally 
involving both members of an apparently 
independent pair of sectors. 

S uch relations become clearer in the 
model in which all the squares fall be
low the diagonal running from the upper 
left corner to the lower right corner of 

15 1 
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the matrix. Actually this "triangular" 
system was constructed by rearrange
ment of the rows and columns of the 
"natural" system described in the pre
ceding paragraph, as is indicated by thb 
sequence in which the call numbers of 
the sectors now appear. The highly struc-

tured hierarchical relation between the 
different sectors was obscured in the 
first random display-an accidental ef
fect, perhaps, of the seljuence in which 
the census bureau of this imaginary 
economy assigned call numbers to the 
sectors. In the rearranged table it can be 

plainly seen that sector 9, now in the 
far left column, absorbs inputs from all 
the other sectors but delivers its entire 
output directly to final demand. Sector 
8, now in the far right column, reljuires 
for its operation, in addition to a portion 
of its owri output, only labor, capital and 
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UNDERDEVELOPED ECONOMY of Israel is displayed in input

output tahle with sectors "triangulated" as in U.s,-western Eu

rope tahles on preceding pages. The 42 industrial sectors reveal 

structure of eronomy in finer detail, and final demand is shown in 

three columns: domestic final demand, exports and imports. Import 

iiglll'es in red are suhtraf'led from sum of inputs to industrial sec· 
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other prime factors from "Household 
services"; on the other hand, this sector 
delivers inputs to all other sectors as 
well as to final demand. 

I n  the hierarchical order of an econ
omy with a strictly triangular matrix, 
the sectors above and below the horizon-

--

10 407 11 20 967 58 295 
1 1 59 25 1 3 5 

153 40 64 70 967 1.101 
600 

814 
1 1 891 4,684 

1 32 18 33 237 96 
69 167 27 23 26 601 

8 1 384 3.553 1,292 
47 1 30 62 55 
79 168 169 157 581 34 149 1,376 500 

5 9 24 1 
115 3,689 523 683 52 1,373 407 1 416 
28 2,162 148 82 210 114 

177 1 1 33 20 72 
12,09, 1 34 219 418 806 2,607 

I n Q, 100 
33 7.461 4,876 26 106 102 61 11 ,464 
33 1.278 15 2,279 131 554 3 38 15 

316 3,334 i 6,201 67,571 452 56 
1,330 1,016 1.062 7,125 4,000 15,560 997 9,633 5,642 

2 12 1.758 14 4,498 2,632 
23 59,682 9,225 

35 9,210 11,712 4,114 76 728 694 396 
7 15.622 

679 307 493 1,062 2,284 2,344 
72 7 13 38 310 2,549 8,852 
411 46 �30 348 676 3,209 112 1,358 508 
127 311 28 6,611 
90 2 3 8 141 210 7,106 8,622 8,591 

I I 
494 591 418 307 591 2,237 6,041 5,652 2,522 

568 561 572 502 766 916 365 107 359 
1.115 2,136 1,043 681 816 3,558 1.492 973 590 
3,370 7,163 3,131 4.426 10,099 7,590 2,200 1,100 400 -

13,493 51,082 13,911 22.500 58,098 27,268 78,827 44,433 78,537 

tal row of any given sector bear quite 
different relations to that sector. Those 
below are its suppliers ; any increase i n  
final demand f o r  its product generates 
indirect demands that cascade down the 
diagonal slope of the matrix and leave 
the sectors above unaffected . The sec-

62 78 1 162 343 
1 5 140 

43 139 
392 

5 
37 144 45 257 122 2 

58 

2.024 331 105 20 39 212 8.293 19,366 
20 4 3 28 35 39 7 

tors above, however, are its customers ; 
an increase in final demand for the out
put of any one of them generates indirect 
demand for the output of the sector in 
question.  An economist charged with 
the task of computing the indirect effects 
of an increase in final demand for the 
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tors, final demand and exports to give total domestit outputs; 

imports exceed 50 per cent of domestic output in many sectors. 

Principal exports are front diamond-polishing and eitru8 se('t.ors. 

Upper sectors in table deliver most of their output to final demand; 

lower sectors deliver most of their output as inputs to the 

other industrial seetors, thus satisfying final demand indirectly. 
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Fou r  top ics of i nterest 
to vacu um  eng ineers 

Vier i nteressante 
Veroffent l ich u ngen fU r 
den Vakuum- I ngen ieu r  

Quatre sujets d' i nteret pou r  
les specia l istes d u  v ide 

Pumpillg Mechallisms ill Getter-loll Pumps Employing Cold- Cathode Gas Discharges, by S .  L .  
Rutherford, S .  L .  Mercer, and R. L .  Jepsen.  A detailed discussion of the mechanism b y  which 
various gases are pumped ; experiments with titanium cathodes and active gases, water vapor, 
and hydrocarbons . •  Ultra-High Vacuum Flallges, by W. R .  Wheeler and M .  Carlso n .  An ex
tensive analysis of the performance of fou r  seal designs : Stepped, knife edge, coined gasket, and 
Con Flat.  ' • Performallce Criteria For Sorptioll Pumps, by F .  T. Turner and M .  Feinleib.  A 
p resentation of data usefu l in pred icting the perfo r mance of refrigerated sorption pumps under 
various conditions ; p red icting pumpdowlls t h rough adsorption isotherms ; sorption pumps in 
combination with other pumping mechanisms ; sorbent properties . •  /l1feractiolls Between 
Ionizing Discharges and Getter Fi lms, by A.  B. Francis and R.  L .  Jepsen. A report, based on 
measurements with a mass spectrometer, showing that proximity of ionizing discharges and 
getter films does not affect pumping speed : earlier conclusions to the contrary were the result of 
less accurate measurement techniques . •  Write for your complimentary copies of these timely and 
authoritative papers, or  contact us for i n formation on other areas of equipment and experiments 
in vacuum technology. 'Trademark 

Der PumpellmechanisltJlIS ill !onellgetterpumpen unter Verwendung von Kaltkathoden-Gasentla
dUllgen, von S. L. Rutherford, S .  L.  Mercer und R .  L.  Jepsen. Der detaillierte Mechanismus wird 
diskutiert, durch welchen verschiedcne Gase gepumpt werden ; Experimente mit Titankathoden 
und aktiven Gasen, Wasserdampf und Kohlenwassersloffen werden besprochen . •  Flansche fiir 
H6chstvakuum, von W_ R. Wheeler und M .  Carlson. Eine ausfUhrliche Analyse des Verhaltens 
von vier verschiedenen Vacuum Dichtungen wird gegeben : Stufendichtung, Schneidendichtung, 
Pragedichtung und ConFlat' Flansch . •  Leistullgsulltersucllllllg an Sorptionspumpen, von F .  T. 
Turner und M .  Feinleib. Messwertdarstellung fiir die Leistungsvorhersage von gekiihlten Sorp
tionspumpen unter verschiedenen Arbeitsbedingungen ; Auspumpzeitvorhersage mittels Ad
sorptionsisothermen, Sorptionspumpen in Kombination mit anderen Pumpeinrichtungen, Eigen
schaften des Absorptionsmittels. • Wechselwirku;,g zwischell 10llisierellden £Iltiadullgen und 
Getterschichtell, von A .  B .  Francis und R .  L .  Jepsen. Dieser Bericht beruht auf Messungen mit  
e inem Massenspektrometer und zeigt, dass  die Nahe von ionisierenden EnUadungen und Getter
schichten die Pumpgeschwindigkeit niclrt beeinflusst, die friihere gegenteilige Meinung war auf 
weniger exakte Messtechnik zuriickzufiihren . •  Bitte schreiben Sie uns, falls Sie kostenlos diese 
massgebenden und aktuellen Veroffentlichungen erhalten mochten, oder falls Sie iiber andere 
Gerate oder Forschungen auf dem Gebiet der Hochvakuumtechnik unterrichtet sein wollen. 
' Schutzmarke 

Mecanismes de pompage dalls les pompes iOlliques Ii getter utilisant des decharges gazeuses Ii cathode 
froide; de S. L. Rutherford, S. L. Mercer et R_  L.  Jepsen_ Compte-rendu detaille du mecanisme 
par lequel differents gaz son! pompes ; experiences faites a l'aide de cathodes de titanium et de gaz 
actifs, de vapeur d'eau et d'hydrocarbones_ • Joints pour vide extreme ;  de W_ R .  Wheeler et M. 
Carlson .  Analyse extensive des performances obtenues avec quatre types de joints differents : en 
forme de marche, en biseau, en forme de disque et  ConFlat' _  • Criteres de performallce des 
pompes a sorptioll ; de F_ T. Turner et M .  Feinleib. Presentation de donnees permettant de prevoir 
la performance, en conditions variees, de pompes a sorption refrigerees ; prevision des courbes de 
pression en tant que fonction de temps a partir d'isothermes d'adsorption ; utilisation des pompes 
a sorption en combinaison avec d'autres mecanismes de pompage ; liste des proprietes de materiaux 
de sorption_ • 1l1feractiolls el1fre decharges iOllisal1fes et films getter; de A_ B. Francis et  R. L. 
Jepsen _  Rapport, base sur les mesures faites a I'aide d'un spectrometre de masse, mont rant com
ment la proximite de decharges ionisantes et de films getter Il'affecte pas la vitesse de pompage. 
Les conclusions precedentes prouvant Ie contraire, resultaient de techniques de mesure moins 
precises . •  Nous nous ferons un plaisir de vous envoyer sur demande ces rapports dont l'actualite ' 
ne cede qu'a l'autorite, ou tout autre renseignement concernant les dernieres techniq,ues d'outillage 
et d'experimentation du vide. ' Marque de Fabrique •" A RIAN ASS O C I ATES PA LO A LTO, CALl F_ 

V � VA C U U M  P R O D U CT S  D I V I S I O N  
I n  E urope, write to Varian A.G.;  G ub e l strasse 1 7 :  Zug, Switzerland 

1 54 

output of this sector would need to 
know, therefore, only the input coeffi
cients for sectors below it .  If he wants to 
compute the indirect effects on this sec
tor of demand originating elsewhere, he 
n eeds to work only with the input coef
ficients for this sector and the sectors 
above it. In the case of the fourth "block 
triangular" model he would find that re
lations between sectors within each 
block are similar to the mutual interde
pendence that ties together all the sec
tors in the first of these model systems, 
whereas the relations between the blocks 
( "multiregional interdependence" ) are 
analogous to those between the sectors 
in the triangular model. 

T he convenience of the economist and 
- - th e computing machine does not, of 

course, constitute the sole or the most 
significant purpose served by such re
arrangement of an input-output table . 
The "triangulation" of the table serves 
also to expose the internal structure of 
the interindustry transactions . These de
fine groups and blocks of more closely 
related industries. The forecaster is like
ly to find that he must reckon with the 
fortunes of all the industries within a 
group in order to plot the future course 
of one of them . The planner may dis
cover that the effort to promote the 
growth of an industry in one block re
(lui res the prior development of indus
tries in another block and may trigger 
the development of industries in still an
other block. 

The triangulation of a real input-out
put table-that is,  the discovery of its 
peculiar structural properties-is a chal
lenging task. It  is complicated by the fact 
that one must take into account not only 
the distinction between zero and non
zero entries but also the often more 
important difference between their actu
al numerical magnitudes. The degree to 
which triangulation reveals significant 
structural details depends also on the 
fineness of the sectoral breakdown. A 
single entry in a highly aggregated table 
may conceal the solid block of a triangu
lar matrix or a narrow strip of finer inter
sectoral relations. Lack of sufficiently 
detailed information about the internal 
structure of groups and blocks of indus
tries may impose severe limitations on 
attempts to explain the behavior of the 
economic system as a whole_ 

The larger and the more advanced an 
economy is ,  the more complete and ar
ticulated is its structure. The U.S .  and 
western Europe respectively produce 
about a third and a quarter of the world's 
total output of goods and services. It is 
not surprising, therefore, to discover that 
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He can show you the newest view of old New Amsterdam 
New York isn't  what it used to be .  It never 
was.  That's how fast America's largest 
market changes. 

But alert businessmen can take advan· 
tage of the changes-if they are kept a step 
ahead by Chemical New Yo rk b ankers, 
who cover the big town like a blanket. 

Take Staten Island .  A near· rural com
munity will be turned into a metropolis by 
the Verrazano·Narrows Bridge .  And Chern- 
i cal New Yo rk is already there at both 
ends,  with local  b anking offices staffed by 

men and women who know their neigh
borhoods.  This information network can 
dig out facts for you in every corner of 
Greater New Yo rk-market profiles, credit 
reports, economic surveys, o r  you name it. 

It  makes good sense to have listening 
posts around the city. With Chemical New 
York, you'll have 1 1 5  branch b anks and 
more than 8,000 people ready to give you 
a helping hand. Just tell us what you'd like 
to know. Chemical Bank New York Trust 
Company, New Yo rk 1 5 .  

Ch_e_m-ical 
Ne�v YOl�l" 
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T u rkey . N ext year,  
T u rkey w i l l  h ave a new 
ste e l  p l a n t-th e  l a rg est 
i n  t h e  M i d d l e  East. 
A l l  e l ectr i ca l  eq u i p ment 
by Westi n g h o use. 

;)akistan.  West i n g h o u se 
las been des i g n ated 
: u p p l i e r  of e l ectr ica l  
�q u i p me n t  for  
) a k i sta n ' s  fi rst major  
;tee l  m i l l .  

We never forget how much you rely on Westinghouse 

Westinghouse is helping people 
all over the world 

become more productive. 
This is good for them. 

This is good for the U.S.A. 

J a p a n .  Westi n g h o u s e  i s  
b u i l d i n g a 325,000 kw 
g e n e rator for J a p a n .  

T h i s  b r i n g s  t o  1 ,300,000 
kw t h e  capac i ty of new 
West i  n g h o u se g e n e rators 
i n  J a pan i n  t h e  past 
five years. 

B raz i l .  Westi n g h o u se 
m otors and contro l s  
wi l l  r u n  a new ste e l  
m i l l  i n  B raz i l-S o u t h  
A m e r i c a ' s  m ost modern 
i nteg  rate d ,  a utom ated 
ste e l  p l ant. 

K uwait.  Fo u r  Westi n g 
h o u se " wate r factor i es" 
in the d esert of K u wait  
are t u rn i n g  sa l t  water 
from the Pers i a n  G u lf 
i nto n e a r l y  1 8  m i l l ion  
g a l l o n s  of f resh water 
every week. 

S pai n .  Westi n g h o u se 
i s  i n sta l l i n g  steam
t u r b i n e  g e n e rators,  

with 700,000 kw capacity, 
in 1 1  d iffere nt 
power p l a nts. 

Taiwa n .  Westi n g h o u se 
b u i l t t h e  wor l d ' s  l arg est 
s i l i c o n  rect ifier ,  to 
p rov i d e  a n d  contro l  
e l ectr i c i ty for refi n i n g  
a l u m i n u m .  T h i s  ra i ses 
Ta iwa n ' s  a l u m i n u m  
p rod u c t i o n  1 50 p e r  ce nt, 
to 20,000 m etri c ton s  
p e r  year. 
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M e x i c o .  At the  o u tset, 
o i l  w i l l  f u e l  a 225,000 
kw e l ectr ic  p l a nt  i n  
Baja Ca l i forn i a .  T h e  
stea m - t u r b i n e  g e n e rato rs 
by West i n g h o u se are 
e q u i p p e d  to sw i tc h  over 
to fl u i d  coke ,  a waste 
resi d ue of a n  a n t i c i  pated 
o i l  refi n ery n earby.  

K o rea. Westi n g h o u s e  
h as b e e n  c hose n t o  
s u p p l y  e l ectr ica l  
e q u i p m e n t  for K o rea 's  
fi rst ste e l  m i l l ,  t h e  fi rst 
m aj o r  i n d ustr i a l  p l an t  
to b e  esta b l i s h e d  i n  
that cou ntry,  

V e n e z u e la.  Forty-five 
West i n g h o u se gas  
t u r b i nes at work in  t h e  
o i l p ro d u C i n g  a r e a ,  the 
l arg est c o n c e n trat i o n  
of g as t u r b i n e s  i n  
the wor l d .  

Italy .  T h i s  year ,  n o rth e r n  
I ta l y  w i l l  h ave cont i n e ntal  
E u ro p e ' s  l arg est ato m i c  
e l ectr i c p l ant ,  a 270,000 
kw n u c l ear  power p l ant  
b y  Westi n g h o u se.  

r , �_ •. ..-_ ........ .. __ ..... _ � • , . .. _ 

A rg e nti na.  T h i s  year, 
A r g e n t i n a  h as i ts fi rst 
m i l l  for m a n ufactu re 
of coated book p a p e rs .  
Power  d r i ves b y  
West i n g h o u se.  

"..� , ... .. . - . � . . 

R E PU B LI lC  � 

I nd o n esia.  I n  t h e  
R e p u b l i c of I n d o n e s i a ,  
Westi n g h o u se i s  n o w  
i n sta l l i n g  a 50,000 
kw stea m - powered 
e l ectr ic  p l a n t. 
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, 
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..{ 

r 

,/ IJ "  .. ... ., # # � "' ''; -' '  ' j J J .,* ' I � 4 ,  

Li bya. O n  Dece m be r  28, 
1 961 , a Westi n g h o u se 
20,000 kw ste a m  t u rb i n e  
went  i nto o p e rati o n  as 
the fi rst ste p toward 
L i byan i n d u str i a l i zatio n .  

I n d ia.  I n  West B e n g a l  
Westi n g h o u se i s  
s u p p l y i n g  t h e  B a n d e l  
T h e r m o  Power P l ant ,  a 

350,000 kw stat i o n  

s c h e d u l ed f o r  co m p l et i o n  
i n  1 965, a n d  e s p e c i a l l y  
d es i g n ed t o  u s e  l ow 
g ra d e  coal  m i n e d  
i n  I n d i a .  

You  c a n  b e  s u re . , . i f  i t ' s  

Westinghouse 
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Fo r i nform a t i o n  on p l a n n i ng a n d  o rga n iz i n g  E d u c a t i o n a l  TV, wr i te  D e p t .  M 2, G e n e ra l  T e l e p h o n e  & E l ectro n ics,  7 3 0  T h i rd Ave.,  N ew York 1 7 ,  N .  Y. ,  U .  S . A. 

USING TV TO TEACH . . .  BY 11TElEPHONE" 
Today, a single teacher can personally instruct thousands of pupils in dozens of schools o ver 

spe cial T V  telephone lines. G T& E  is bringing this modern form of Educational T V  to U. S. 

schools through its o wn Operating Companies in areas of 32 states. This system includes 

inexpensive T V  cameras and receivers de veloped by our subsidiary, Sylvania. ((ETV" 

is anoth e r  example of h o w  G T& E  works to a dvan c e  communica tions e ve ry wh e re. 

GENERAL TELEPHONE & ELECTRONICS 
730 THIRD A VENUE, NEW YORK 17 

G T& E SUBSIDIA RIES : Gener.pl Telephone Operating Companies in 32 states · Genera l  Telephone & Electronics Laboratories · General Telephone 

& Ele c t r o n i c s  In tern a ti o n a l ' G e n e r a l  Te leph o n e  Dire c t o ry C o  . .  A u toma tic Ele c tric , L e n kurt Ele c tric · Sylva n ia Ele c tric Pro du c ts 
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their input-output tables yield the same 
triangulation .  Discounting the larger 
over-all size of the U . S .  economy, the 
similarity between the two sets of inter
sectoral relations comes vividly to the 
fore when the triangulated input-output 
tables of the two systems are superposed 
on each other [see illllstmtioll 0 11 pages 
150 al1d 151]. Between them they con
tain-with some well-known but minor 
exception s-a complete array of econom
ic activities of all possible kinds.  

Each of the industries in this com
bined table has its own peculiar input 
re<juirements, characteristic of that in
dustry not only in the U . S .  and in Eu
rope but also wherever it happens to be 
in operation . The recipes for satisfying 
the appetite of a blast furnace, a cement 
kiln or a thermoelectric power station 
will be the same in India or Peru as it is, 
say, in Italy or Californi a .  In a sense the 
input-coefficient matrix derived from the 
U . S . -European input-output table rep
resents a complete cookbook of modern 
technology. It constitutes, without 
doubt, the structure of a fully developed 
economy in so far as development has 
proceeded anywhere today. 

An underdeveloped economy can now 
- - be defined as underdeveloped to the 

extent th at it lacks the working parts of 
this system . This lack can be explained 
in narrowly economic terms as due to the 
amount and distribution of productively 
invested capital ; in social terms,  as a 
reflection of the composition and effi
ciency of the labor force, or in geographi
cal terms, as the result of the country's 
endowment with natural resources . This 
last element deserves special mention, 
because much has been said in recent 
years about the possibility of designing 
custom-made technologies to meet the 
special conditions prevailing in certain 
underdeveloped countries.  Celso Fur
tado, in his article "The Development 
of Brazil" [see page 208] , mentions the 
scarcity of coal in that country and 
speaks of the need for a new technology 
to reduce the iron in the abundant local 
ores. Leaving aside the intrinsic merit of 
such proposals, the fact is that the choice 
of alternative technologies hardly exists .  
The process of development consists 
essentially in the installation and build
ing of an approximation of the system 
embodied in the advanced economies of 
the U . S .  and western Europe and, more 
recently, of the U . S . S . R . -with due al
lowance for limitations imposed by the 
local mix of resources and the availabili
ty of technology to exploit them. 

In the absence of such complete de
velopment a country can consume goods 

( I l l ustrated : Flush recorder with 8' x 8'  front. Portable "Labgraph" also avai lable.) 

New Speedservo . . .  swift, 
sure" simple, small ! 

High Speed: Ys second full scale response. Records 4 cycle 

signals without significant attentuation. • Versatile: Ac

commodates DC circuits with output impedance 100,000 ohms 

or less . •  Sensitive: 0-1 MV DC without jitter . Many higher 

ranges. Accuracy Y2 % .  • Efficient: Raymond Loewy styled 

8" x 8" case front conserves valuable panel space. Full 6" 
wide 100' long chart . •  Convenient: Dial 14 chart speeds 

from � "  per hour to 6" per second. "Drop in" chart loading. 

Disconnect and pull chassis from case in seconds. Chart supply 

indicator . •  Less M ainten ance: Simple linear motion pen 

motor, no strings, no pulleys. Zener reference voltage. Infinite 

resolution glass hard potentiometer prevents hunting.  

In addition to. "Speedservo" and the new "Labgraph" with sloped writing sur� 
face, the radically new EA "Graph" Line of rectilinear recorders includes both 
single and two-channel DC Microammaters, DC Milliammeters, AC or DC 
Ammeters or VoItmete�s, plus inkless and ink type event recorders. Your inquiry 
is invited. If desired, Esterline Angus will gladly adapt standard instruments to 
your needs, or develop new ones for you. Write for new "Graph" Line Brochure. 
E S T E R L I N E  A N G U S  I N S T R U M E N T  C O M P A N Y, l � c. ,  Box 5968, I ndianapolis 6, Indiana 

E S TE RL I N E  ANGUS 
Excellence in instrumentation for over 60 years 
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without producing them because it can 
import them. It must pay for its imports, 
however, by producing other goods for 
export instead of for domestic consump
tion . Two countries can thus display 
identical, or at least very similar, pat
terns of domestic final demand and yet 
have very different patterns of produc
tion. The smaller and the less developed 
a country is ,  the more it can be expected 
to exploit its productive capacity inde
pendently of its immediate needs and to 
bridge the gap between production and 
consumption by means of foreign trade . 
Consequently the full diagnosis of the 
ills of an underdeveloped country-as 
well as the formulation of a realistic 
development plan-requires a detailed 
quantitative analysis of the dependence 
of all the domestic industries not only on 
the confignration of final domestic de
mand but also on the composition of the 
country's foreign trade. 

Of all the developing countries, Israel 
possesses the most detailed and complete 
statistics necessary for an analysis of this 

1 ,400 

kind. An input-output table prepared 
from data compiled by M ichael Bruno 
of the Bank of Israel and triangulated 
according to the U . S . -Europe plan ap
pears on pages 152 and 153.  In this 
table final demand is broken down into 
three components : domestic final de
mand ( including investment as well as 
consumption ) ,  exports and imports . The 
import figures are printed in red because 
they are negative figures with respect 
to the country's foreign-trade account 
and because they must be subtracted 
from the sum total of domestic final 
demand, exports and the deliveries of 
the commodity in question to other in
dustrial sectors ( indirect demand ) in or
der for one to arrive at the figures for 
total output at the end of each row. 

I srael's heavy dependence on imports 
becomes apparent on inspection of 

the table . In  five sectors ( "Ships, air
craft,"  "M achinery,"  "Basic metals,"  "In
dustrial crops" and "M ining" ) it can be 
seen that the country's imports exceed 

domestic output by large margins .  In 
five other sectors ( "Grains, fodder," 
"Forestry," "M otor vehicles," "Electrical 
appliances" and "Paper and products" ) 
imports are equal to more than 50 per 
cent of domestic production. Imports 
exceed domestic final demand plus ex
ports in six sectors ( "Grains, fodder," 
"Basic metals," "Paper and products," 
"Basic chemicals," "Industrial crops" and 
"i\'Iining" ) ;  this is because the indirect 
demand for imports of the commodities 
in question exceeds final demand. M ost 
of these imports, in other words, are 
distributed as inputs to other industries 
along the row in which they are entered. 

Perhaps the most useful way to see 
how Israel-or any other underdeveloped 
country-stands today is to construct a 
model of the economy as it would appear 
if it enjoyed self-sufficiency ; that is, to 
determine the structure of production 
Israel would have to achieve in order to 
maintain its present actual consumption 
and investment entirely from domestic 
output and without recourse to foreign 
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I N D I RECT DEMAND generated in Israeli ceonomy by "direct" 

or final demand for IL.  1.000 worth of produets from "Basie chemi .. 

cals" ( colored bar ) and "Fish, meat, dairy produets" ( black bar ) 

sectors is shown here. Inputs from other industries to these sectors 

( shown as ti.nted alld gray bars respectively ) needed to satisfy in .. 

direct demand were eomputed from input·eoefficients for these sec· 

tors. Referen('e to the Israeli input .. output table on pages 1 52 and 

153 shows that many of these inputs ( "Grains, fodder" particularly ) 
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(f) rU :::J o o 0: Q 
o o o 
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trade. Such a model will show, among 
other things, how far Israel falls short 
of possessing a fully articulated modern 
industrial economy, in which sectors it 
is  weakest and in which sectors it can 
push its development most fruitfully. 

The Rrst step in the construction of 
such a model i s  to prefabricate the sec
tor "modules" from which it is to be 
built . This means to compute from the 
input-coefficient matrix of the economy 
the inputs that are required-directly and 
indirectly-to enable each sector to de
l iver an additional unit of output to 
domestic Rnal demand. Direct demand 
for IL. ( Israeli pounds ) 1 ,000 of "Basic 
chemicals ,"  for example, generates indi
rect demand for inputs from 34 of the 42 
sectors into which the Israeli economy is 
broken down i n  the matrix-including an 
input of products worth IL. 266 from 
"Basic chemicals" itself I-see illustration 
below ] .  Similarly, direct demand for 
IL. 1 ,000 of output from the "Fish, 
meat, dairy products" sector calls for 
the input of IL. 725 of "Livestock" and 
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IL .  292 of "Grains, fodder," along 
with numerous inputs of smaller value 
from other sectors. It should be noted 
that the direct demand for "Basic chem
icals" generates an indirect demand of 
IL. 5 on the "Fish, meat, dairy prod
ucts" sector and, reciprocally, that the 
direct demand for "Fish, meat, dairy 
products" sets up an indirect demand 
for IL. 70 of "Basic chemicals." In 
these computations i t  is  not necessary to 
distinguish between imports and domes
tic production, because the coefficierits 
remain constant, whether the inputs are 
imported or produced at home. With the 
computations run for all sectors it is  pos
sible to determine the total outputs re
<lui red of the entire economy i n  order to 
allow each domestic industry to satisfy 
the domestic Rnal demand for its prod
ucts . 

next two pages. As in the input-output 
table on pages 152 and 153, the coun
try's exports are added ( as gray exten
sions ) to the tops of the block s ;  the im
ports, represented by blocks of hatched 
lines, are subh-acted. This presentation 
shows vividly how much the Israeli econ
omy depends on imports, with blocks of 
hatched lines cutting deep into the col
ored blocks and even descending below 
them in the six sectors where the imports 
required to satisfy indirect demands ex
ceed Rnal demand. 

The Israeli economy in the hypotheti
cal state of self-sufficiency is represented 
by the row of colored blocks of equal 
height that runs across the chart just 
below. Although they represent sectors 
of greatly different magnitude, all the 
blocks in this chart are of equal height 
because the vertical scale represents 
"Per cent of self-sufficiency" and the 
monetary dimensions of the sectors are 
shown on the horizontal scale. The area 
of each block thus represents the total 
output required of that sector in order 

The Rnal demand to be met from 
within the Israeli economy is dis

played as a series of colored blocks run
ning across the top of the chart on the 
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are drawn from imports. Note that direct demand on each sector 

generates indirect demand for its own products. Similar input· 

coefficient "modules" constructed for all sectors of the economy 

make it possible to compute the total output required to satisfy 

ill Z 0 Q U Q 
I (f) 

the direct and indirect demand generated by any given level of  
final demand o r  by any given volume of exports or by import-reo 

placing outputs from domestic industries, as shown in "sky line" 

chart of the Israeli economy and other economies on next two pages. 
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to satisfy the direct and indirect demands 
of the Israeli economy at self-sufficiency. 
The per cent that is allocated direct
ly to final demand in each case is indi
cated by the height of the corresponding 
final-demand block in the row of blocks 
above. 

nation of labor, capital and natural re
sources available to it in 1958, the year 
on which these hypothetical computa
tions are based, the Israeli economy 
could not possibly have produced suffi
cient amounts of all the different kinds 
of goods and services that directly or 
indirectly were required to maintain 

the actual consumption and investment 
levels of the economy in that year. Do
mestic final demand was nonetheless 
maintained at those levels through re
course to foreign trade. By raising some 
outputs above the requirements of do
mestic direct and indirect demand, the 
country produced exportable surpluses. As a matter of fact, with the comb i-
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DEVELOPED AND UNDERDEVELOPED economies are con· 

trasted in these sky.line charts of the U.S. and of Israel, Egypt 

and Peru. Total output required for self·sufficiency is indicated by 

height of tinted blocks ( see key at right) .  Horizontal scales give 

monetary dimension of each sector ; vertical scale, per cent of 

self-sufficiency. Heavy line shows actual total output of each 
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In otller sectors imports filled the gap 
between domestic output and the total 
direct and indirect demand of the econ
omy. In Israel and elsewhere imports 
serve to economize resources that hap
pen to be comparatively scarce, whereas 
exports provide a way to put to good use 
other resources that would otherwise be 

less effectively employed or perhaps not 
employed at all. 

The crucial relation between foreign 
trade and the structure of the Israeli 
economy can best be assessed in two 
steps. To the tops of the colored blocks 
of the hvpothetical self-sufficient system 
are added gray blocks; these represent 

.......... .. ....... ...... _ ........ _. __ ._-----Vl<f> :J+- 0:: 

the direct and indirect demand that 
would have to be met by each sector in 
order to produce from domestic re
sources, and without drawing on im
ports, the exports shown by the gray 
blocks in the final demand row above. 
As might be expected, some sectors are 
called on to increase their outputs even 
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3, 660 

.����:��������%�����:(���������t���� 3 . 1 1 5 ,�, 
2.674 

CAPITA L  
( M I LLIONS O F  

ISRA E L I  
POUN DS) 

7 ,766 . 
6. 378 ' � , 
5, 264 

CAPITA L  
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AM ERICAN 
DOLLARS) 

567 893 
1=== 

LABOR 
( M I LL IONS 

O F  
MA N-DAYS) 

LABOR 
(MI LL IONS 

O F  
M A N -YEARS) 

46.5 
44. 4  
42.2 

F INAL D E M A N D  

-

-

EXPORTS 

I M PORTS 

TOTAL OUTPUT 
FOR S E L F·SU FF ICIENCY 

D I R ECT AND I N D I R ECT 
" E X PORTS" 

D I RECT AND I N D I R ECT 
" I M PORTS" 

TOTAL OUTPUT-ACTUAL 

economy ; underdeveloped economies fall short of self-sufficiency. 

Final·demand profile for Israel at top shows volume of domestic 

demand ( consumption and investment) , exports and imports, to be 

satisfied diret:tly and indire(·tJy by outputs shown in row below. 

Graphs at far right show Israel i  foreign-trade deficit and capital 

and labor components of domestic output and foreign trade. 

1 63 

© 1963 SCIENTIFIC AMERICAN, INC



though none or scarcely any of this out
put goes directly into exports. The sub
stantial increase in the output of "Grains, 
fodder," for example, would be account
ed for in part at least by the indirect 
demand set up by exports of "Fish, 
meat, dairy products," in accordance 
with the input-coefficient shown in the 
chart on pages 160 and 161. 

The next step takes account of the ef-
fect of imports. The effect is anal

ogous to that of exports, but it works in 
the opposite direction. An import of IL. 
1,000 worth of "Basic chemicals," for 
example, not only eliminates directly the 
demand for an equal amount of "Basic 
chemicals" from the domestic industry 
but also, as shown in the chart on pages 
160 and 161, reduces the indirect de
mand for the products of 33 other indus
tries and "Basic chemicals" as well. 
From the input-coefficients for all sectors 
hatched blocks are now constructed to 
represent the amount of each kind of 
goods that would be required, directly 
and indirectly, to produce in Israel the 
bill of imports shown in the final-demand 
row at the top of the chart. These theo
retical import-replacing outputs are sub
tracted from the total height of the 
colored and gray blocks in the self-suffi
ciency row. The lowered and irregular 
"sky line" thereby established shows the 
actual output of the Israeli economy 
from sector to sector as a per cent of 
the level of output that would give the 
country self-sufficiency. 

The fact that so few sectors of the 
Israeli economy rise above the self-suffi
ciency horizon and that so many fall 
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below it is explained to a great extent 
by the relatively large amount of foreign 
aid received by the country. In addition 
to offsetting the export-import deficit, 
such aid also permits the country to sub
stitute capital indirectly for labor. As 
the bar graph at the right-hand end of 
the chart of the hypothetical self-suffi
cient Israeli economy shows, the attain
ment of actual self-sufficiency would re
quire a larger outlay of labor than of 
capital. 

These considerations undoubtedly al
so apply to resources, although lack of 
sufficiently detailed information at pres
ent makes it impossible to establish the 
precise relation between domestic re
sources and the structure of the Israeli 
( or any other) economy. In connection 
with resources it should be remarked 
that no economy can be completely self
sufficient. As employed in the present 
analysis, self-sufficiency should be taken 
to mean the state of development at 
which nonreplaceable imports are cov
ered by the exports needed to pay for 
them. The sky line in the chart indicates 
that the Israeli economy still falls well 
below self-sufficiency thus defined. For
eign aid makes it pOSSible, however, for 
Israel to maintain not only a much high
er level of domestic consumption than it 
could have achieved otherwise but also 
a much higher rate of investment and 
growth toward mature development. 

The same chart presents analogous 
sky lines for the U.S. economy and for 
the underdeveloped economies of Egypt 
and Peru. Comparison of one of these 
countries to another must be qualified 
because of the differences in the way 
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their statisticians have aggregated the 
various industries of each country into 
sectors. The sectors are arrayed, how
ever, in each profile in the same sequence 
in which they should and-let us hope
will eventually appear on a triangulated 
input-output table of the economic sys
tem of the entire world. 

I n common with Israel, it can be seen, 
Egypt and Peru present jagged total

output profiles, with many sectors falling 
short of the self-sufficiency line. The U.S. 
profile, in contrast, is flat and averages 
out somewhat above self-sufficiency. 
This is a reflection of the country's 
mature development: its favorable bal
ance of trade and the additional outflow 
of foreign aid-in-kind. The chart also 
demonstrates, inCidentally, that the cele
brated unfavorable balance of payments 
and the worrisome weakness of the dol
lar are the result of paper transactions. 

Each of the underdeveloped countries 
specializes in the massive export of a few 
agricultural and mineral commodities 
and depends on imports for the supply 
of a broad spectrum of manufactured 
goods. ( The diamond-polishing industry 
of Israel is worthy of speCial mention: 
established in that country by refugees 
from Nazism, it serves a comparatively 
minuscule domestic final demand and 
earns Significant foreign credits to cover 
imports. ) The U.S . economy, on the 
other hand, exports a great diversity of 
manufactured goods and imports a few 
agricultural and mineral commodities. 
An underdeveloped economy is conse
quently the mirror-image of an advanced 
economy. 

DEVELOPMENT OF PERU projected as of 1965 by UN Economic 

Commission for Latin America is compared with actual state of 

economy as of 1955 as shown on preceding pages. Monetary value 

of outputs of sectors is indicated by horizontal scale. Over·all in· 

crease of 73 per cent in total gross output satisfying domestic de· 

mand lifts self·sufficiency line to higher level indicated by scale in 

color at left. Output required by direct and indirect demand of ex· 

ports is added above the line and represented by tinted blocks ; 

output similarly required to replace imports is represented by 

hatched blocks in color and is subtracted from new totals for each 

sector. Heavy colored line at base of these export blocks shows 

domestic output projected for 1965. Corresponding picture for 1955 

is shown in black and gray profile below. The sectors in the 

sky line for 1965 show a general shift from left to right reflecting 
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Comparison of the four national eco
nomic structures reveals a striking hier
archy based on the ratio of agriculture to 
total economic activity. The agricultural 
and food sectors of the U.S . ,  although 
they far outproduce those of the other 
countries, constitute only about 15 per 
cent of the country's total output. Israel 
comes next, with about 24 per cent of its 
total activity in agriculture, then Egypt 
with 36 per cent and Peru with 40 per 
cent. This may serve as a fair index of 
their different degrees of development. 

The sky lines of the three underde
veloped countries, instead of displaying 
random ups and downs, are character
ized by gradual transitions from clearly 
defined high plateaus to well-formed 
valleys. This is no accident : the sectors 
that approach one another in height rep
resent groups of industries closely relat
ed by their interindustry transactions. In 
the Israeli profile, for example, there are 
obvious connections in the three-step or
der of the "Metal products," "Electrical 
appliances" and "Machinery" sectors, 
which are stated more explicitly at the 
intersections of their rows and columns 
in the input-output table. 

Economic systems tend naturally to 
combine the international division of 
labor with the minimization of transpor
tation costs. The latter costs can be kept 
down if an industry is located or de
veloped in close proximity to the largest 
direct customers for its outputs or the 
suppliers of its inputs. Quite independ
ently of transportation costs, however, a 
growing economy derives a considerable, 
although less measurable, advantage 
from developing whole families of struc-

1 965 (1 I N C H  8 . 202 M I LL ION PERUVIAN SOLES) . - � 
1955 (1 I N C H = 4, 737 M I LL ION PERUVIAN SOLES) 

if) w 
S! > a: w if) 

larger expansion of output from industrial 

sectors. The agricultural and extractive sec· 

tors continue to generate the principal ex· 

ports, and the country's dependence on 

imports is reduced. Industrial expansion reo 

quires substantial increase in fuel consump· 

tion and imports of fuels exported in 1955. 

StereoZoom® 
help s build 

2 0 -year reliability 
in this 'Western Electric 

undersea rigid repeater 
Talk about reliability! Each of these 36" x 13" 
diameter repeater amplifiers contains more than 
5000 precision parts . . .  and each is rated for a mini
mum of 20 maintenance-free years on the ocean 
floor. Spaced every 20 miles in Bell Telephone's new 
single-cable transoceanic system, these repeaters 

help transmit 128 two-way messages simultaneously. 

To make sure, Bell System's Western Electric Company uses StereoZoom 
Microscopes for the assembly and inspection of the high-voltage capacitors. 
StereoZoom's big, bright, natural, 3-dimensional views make sure of align
ment, bond, and freedom from flaws or foreign particles. Its shockproof, 
dustproof optical system shrugs off punishing industrial use. 

Have you got big problems with tiny parts? Call your dealer, or write for 
an on-the-job demonstration of StereoZoom Microscopes. Bausch & Lomb 
Incorporated, 75845 Bausch Street, .. Rochester 2, New York. BAUSCH & LOMB ;, 
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turally related industries rather than iso
lated industrics that depend on foreign 
trade for supplies and markets. The in
cessant process of technological change 
derives strong stimulus from intimate 
contact between sellers and buyers , be
tween the maker and the potential user 
of a new process or product. As an 
economy passes from one phase of its de
velopment to another, "block reaction" 
will cause low blocks to grow tall, where
as blocks that now protrude above thc 
sky line will graduallv lose their domi
neering stature . 

Developmental evolution along these 
lines is illustrated by the comparison of 
the actual profile of the Peruvian econ
omy for 1 955 with the hypothetical pro
file of that cconomy for 1965 ;  this pro
jection is based on the projections of the 
United Nations Economic Commission 
for Latin America [see illustration all 
preceding two pages J .  The upward shift 
of the self-sufficiency horizon reflects a 
large increase in the over-all level of 
final domestic demand. This upward 
shift is accompanied by a horizontal dis
placement of tbe sectors from left to 
right that rcflects the faster growth of 
the industrial sectors in  relation to that 
of the agricultural sectors . Dependencc 
on imports is diminished, although the 
same commodities continue to account 
for the bulk of the country's imports . 
Agriculture, basic metals and the ex
tractive industries continue to provide, 
directly and indirectly, the exportable 
surpluses . As the result of rapid indus
trial growth, however, the profile shows 
that Peru will cease to be an exporter of 
petroleum and coal and will become, for 
a while at least, an importer of  these 
fuels. 

Input-output analysis thus makes i t  pos-
sible to project changes in thc struc

ture of a developing economy in terms 
of the underlying composition of domes
tic consumption and investment, exports 
and imports. The predetermined coeffi
cients of inputs required directly and in
directly to deliver each type of goods and 
service to final demand prOVide modules 
that can be combined in many different 
ways to draft internally consistent blue
prints for the future . The mere existence 
of an elaborate projection will not, of 
course, bring about economic growth . 
M uch political acumen and drive, much 
sweat and tears goes into the actual 
realization even of the best-conceived 
developmental plan. Progress, however, 
will be faster along a road well mapped 
in advance and the cost of progress in 
terms of labor, capital and human sacri
fice considerably less. 
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Action -"Faster than Lightning" 
CAPTURED BY AN RCA ELECTRON TUBE 

The violent single stroke of a lightning flash is 
far more complex than your eye perceives. It  is 
often preceded by up t o  30 "leader" bolts in a 
thousandth of a second. 

Today a new RCA electron tube makes it  pos
sible t o  photograph high-speed events - thou
sands oj times Jaster than a lightning sequence! 
Known as an Image Converter, it acts as a 
super-speed shutter to take "snapshots" i n  
1 /200 m i l l i o n t h s  o f  a s e c o n d - the t i m e  i t  

takes light to  travel about four-and-a-half feet. 

With thi s  revoluti onary device man can for the 
first time "freeze" and study such instantaneous 
phenomena as blast effects, gaseou s  discharges, 
laser beams and plasma pinch effects .  

Image Converter tubes are an other of the many 
ways RCA electron tube research helps advance 
man ' s  understanding of the world he lives in
and control its forces for his benefit. 

RCA ELECTRONIC COMPONENTS AND DEVICES 

a. The Most Trusted Name i n  Electron ics 

RCA Image Converter Tube 
amplifies light more than 
50 times--then "snaps" a 
picture in 1 /200 millionths 

of a second . 
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The Development of Nigeria 
The first In a serzes of four art£cles on specific problems of 

de(Jelopl1lent. lV£ger£a, the most populous nat£on (�f Afr£ca, 

has just launched £ts ad(Jance toward se�f-susta£n£ng growth 

On March 29, 1962, the Federal 
Finance Minister of Nigeria, 
Chief the Honorable Festus Sam 

Okotie-Eboh, rose in the Nigerian Parlia
ment to make his annual budget speech. 
"I can see a vision, " he said, "of a new 
and prosperous Nigeria-a Nigeria whose 
blood is virile and whose aspirations 
are fired by noble objectives. The sleep
ing giant of Africa is awake and deter
mined to take her rightful place march
ing with the rest of humanity." 

Okotie-Eboh has a habit of naming his 
annua: budgets, and he chose "Mobilisa
tion" for this one-which covered tIle 
fiscal year to March 3 1 ,  1963-because 
Nigeria was about to embark on her first 
National Development Plan, to take ef
fect April 1 ,  1962, and to continue for six 
years. "For the very first time in our his
tory, " Okotie-Eboh said, "an effort [is ] 
being made to look at the resources and 
the priorities from an . .. all-Nigeria per
spective. "  

The plan embodies a bold and fateful 
undertaking. Nigeria is an underdevel
oped country in an early stage of the 
development process: newly indepen
dent of a political colonialism but con
tinuing in what amounts to an economic 
colonialism because of its dependence 
on a few material exports and many 
manufactured imports; long on agricul
ture and manpower but short on manu
facturing and skills; rich in potential but 
still far from its proclaimed goal of "a 
modern, diversified and virtually self
sustaining [economic] system. "  

VILLAGE ON THE NIGER (opposite page) 
perches between forest and river that gives 

Nigeria its name. Village typifies smallness 

and isolation of most towns in primarily 

rural nation. The Niger and tributary Be· 

nue constitute Africa's largest river system. 

by \V olfgang F. Stol per 

Much depends on the success of this 
and subsequent plans. Nigeria is a de
mocracy patterned on British lines. It is 
also the largest Negro nation. If it can 
build roads and industries, bring elec
tricity to its villages and educate its 
youth while safeguarding its internal 
liberties and external borders, it will set 
an example that other African nations 
may well follow. Moreover, success 
would kill once and for all the pervasive 
thesis that the Negro is innately inca
pable of organizing a modern society. 
If Nigeria fails, the equally pernicious 
belief that only authoritarianism can 
provide an effective road to development 
may gain a universal hold in Africa, and 
the champions of apartheid will be em
boldcned. 

Nigeria is a big country. Its population 
of between 35 and 40 million is the larg
est in Africa. It also ranks among the larg
er African nations in territory: 356,500 
square miles, which is slightly more than 
the area of Texas and Oklahoma com
bined. Beyond the bare statistics, Nigeria 
is a country of great variety-in its geog
raphy, people, politics and economics. 

Geographically Nigeria has four dis
tinct regions [see illustration on next 
page ] .  Along the coast, which is close to 
the Equator, is a region of torrid, 
swampy lowlands. Here the delta drain
ing Africa's largest river system, the 
main streams of which are the Niger and 
the Benue, is cut by scores of channels 
into hundreds of islands. Farther inland 
is a belt of dense rain forest, largely com
posed of cottonwoods, mahogany, satin
woods and cedars. To the north of the 
forests lies the vast grassy plain that 
forms most of Nigeria. The forest and 
the southern part of the savanna country 
are suitable for growing cocoa, rubber, 
rice, yams, cassava and oil palms but 
are inhospitable to cattle because of the 

tsetse fly. In the northern savanna there 
is herding of cattle, sheep and goats and 
succcssful cultivation of cotton, soy
beans, millet, Guinea corn and peanuts 
(which the Nigerians, like the British, 
call ground nuts). The fourth geographi
cal region, in the far north, is thorn for
est and ncar-desert. 

Throughout much of the country ap
pear significant mineral deposits. Petro
leum, recently discovcred in the delta, 
has rapidly become one of the country's 
major exports. On the central plateau 
are tin and columbite, a black mineral 
that yields thc increasingly useful metal 
columbium. Coal, with indicated re
serves of 240 million tons, is found in 
several places, but it is of low grade; 
there are also considerable deposits of 
limestone and iron ore. 

T he people of Nigeria belong to a 
- - homogeneous racial group. There 

are, however, some 250 different tribes, 
ranging from millions of individuals to a 
few thousand, and almost every tribe has 
its own language. Since "tribe" is anthro
pologically a rather vague term, the 
British administration in Nigeria sought 
to clarify the situation there by defining 
a Nigerian tribe as "one or more clans 
descended from one legendary ancestor, 
though the legend may have been lost; 
originally observing one common shrine, 
though the memory may have been lost; 
speaking one language, though perhaps 
not the same dialect, and enlarged by 
assimilated peoples. "  In the absence of 
a common Nigerian tongue English 
serves as the official language and as 
somewhat of a lingua franca, known at 
least by the educated. Another result of 
the tribal profusion is a diversity of reli
gions. Christianity predominates in the 
south, the rcsult of more than a centurv 
of missionary activity, and Islam in th� 
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north, the result of incursions from North 
Africa centuries ago. Throughout the 
country pagan religions survive in large 
number and variety. 

Politically Nigeria is divided into 
three autonomous regions: Northern, 
Eastern and Western. A fourth region, 
the Midwest, is in process of establish
ment; it will consist of the provinces of 
Benin and Delta, which are now part of 
the Western Region.

' 
There is also a 

small federal territory centering on 
Lagos, the national capital. Each of the 
three existing regions has a predominant 
tribal group, several other distinguishing 
characteristics and a strong regional 
pride. 

The Northern Region, the capital of 
which is Kaduna, is the largest, both in 
area (281,782 square miles) and in 
population (some 20 million). Its pre
dominant tribal grouping is the Hausa
Fulani, an alliance, strengthened by in
termarriage, in which the Hausas are the 
more numerous but the Fulani are the 
ruling element. The North is a world 
apart from the other regions; it is the 
Moslem area, with conservative politics 
and a feudal social system in which pow
er lies with the Moslem emirs chosen 
from noble families. But it is also an 
area with great political realism, a sense 
of the urgency of change and a deter
mination to bring it about. The dominant 
political party is the Northern People's 
Congress, headed by Alhaji Sir Ahmadu 
Bello, considered by many the most 
powerful man in the nation . 

In the Eastern Region, of which the 
capital is Enugu, the Ibo is the dominant 
tribe and the National Convention of 
Nigerian Citizens the dominant party. 
A leading figure in the party is Nnamdi 
Azikiwe, the Governor-General of Ni
geria and the grand old man of Nigerian 
nationalism. With eight to 10 million 
people in its territory of 29,484 square 
miles, the Eastern Region is the most 
densely populated area in the country. 
Its population has a reputation for en
ergy and resourcefulness. 

The Western Region is populated 
mainly by the Yoruba, who are tradi
tionally town dwellers; this is reflected 
in the fact that the urban population 
of the region (people living in cities of 
more than 20,000) is about 30 per cent, 
in contrast to 7 per cent in the East and 
4 per cent in the North. Ibadan, the capi
tal of the Western Region, is the largest 
Negro city in Africa, with probably a 
million inhabitants; it is also the seat of 
University College Ibadan, the Federal 
University of Nigeria. The Western Re
gion has an area of 45,376 square miles 
and a population estimated in 1961 at 

7.1 million . In politics, unlike the other 
regions, there has always been a strong 
opposition in the regional parliament. 
The Action Group, headed by Chief 
Obafemi Awolowo, was once dominant 
but split a year ago, and during a brief 
interregnum a federal administrator ran 
the region; the regional government now 
consists of a coalition between an Ac
tion Group bloc (the United Peoples 
Partv) and the National Convention of 
Nigerian Citizens. 

T he major exclusive responsibilities of 
- the regional governments are agricul

ture and education below the college 
level. These governments obtain most of 
the revenue they raise themselves (as 
distinct from what the federal govern
ment gives them) from agricultural 
products-either as export duties, prod
uce sales taxes or profits of the Market
ing Boards, which buy the major export 
crops from producers at prices substan
tially below those obtaining in the world 
market. 

At the federal level the Northern Peo
ple's Congress has an absolute majority 
in Parliament and is the senior member 
of the coalition government headed by 
Alhaji Sir Abubakar Tafawa Balewa (a 
member of the party) as prime minister. 
The other partner in the coalition is the 
National Convention of Nigerian Citi
zens. Formerly the Action Group con
stituted the loyal opposition; since the 
split in that party and the arrest of 
Awolowo, its leader in Parliament, on 
charges of treason, the opposition has 
had no clear spokesman. 

Underlying the political relations at 
the federal level is considerable tension, 
originating principally in regional and 
tribal jealousies. Efforts by the major 
parties to expand outside their own re
gions have met rebuffs, and the parties 
have therefore tended to become in
creasingly regional in outlook. 

These political differences, reinforced 
by regional pride and autonomy, exert 
a centrifugal influence on the federa
tion. Nevertheless, there is a strong 
Nigerian national consciousness, and 
there are powerful unifying forces. One 
is the heritage of British law, parlia
mentary government and civil service, 
together with the unifying effect of the 
English language. Moreover, the federal 
government has exclusive responsibility 
for national defense, foreign affairs and 
the money system; it operates the rail
roads, the major ports and many other 
enterprises through statutory corpora
tions that have actual or virtual monopo
lies and function throughout the Federa
tion; it is responsible for the main high-

ways and the communication system, 
and it provides approximately two-thirds 
of the revenue received by the regional 
governments. 

Economically Nigeria, like all parlia
mentary democracies, is a mixture of 
public and private enterprise. The latter 
is extensive but tends to gravitate toward 
small-scale activities; large ventures are 
more often undertaken by the govern
ment or by expatriate business. 

Nigeria's economy received a substan
tial impetus in the 100 years of British 
rule, although more as a result of normal 
colonial enterprise and trade than 
through any deliberate policy to achieve 
"economic development." By 1911 the 
country had a railway from Lagos to 
Kano. The road system by 1960, the year 
of independence, had grown to 46,761 
miles, of which 5 ,267 were paved. The 
state-owned Electricity Corporation gen
erated 448.3 million kilowatt-hours of 
power in 1960, a better than tbirtyfold 
increase over 1937. 

It was also significant for Nigeria's 
development that the British for Iminv 
years pursued a policy of making colo
nies pay for themselves. In contrast to the 
attitude adopted by the French toward 
their African colonies, the British made 
no systematic attempt to provide a shel
tered market for Nigerian exports-a 
policy that, whatever its shortcomings, 
had the advantage of keeping Nigerian 
exports competitive. Under this policy 
Nigeria emerged from World War II 
with substantial sterling assets (mostlv 
accumulated by the Marketing Boards), 
and it also was in a position to finance 
its own ordinary budget and make sub
stantial capital investments out of budg
et surpluses. 

Toward the end of tbe British period 
there were some attempts at systematic, 
planned development at the govern
ment level to supplement the build-up 
of Nigeria under private enterprise. In 
1929 and 1940 the British Parliament 
passed Colonial Development and Wel
fare acts, but they did not reany get off 
the ground because of the depression 
and the war. In 1945 a third act made 
£ 120 milhon available to all the colonies 
in the period from 1946 to 1957; each 
colony was asked to produce a 1O-year 
development plan. In terms of the need 
these efforts did not go very far, but 
they constituted at least a beginning. 

I-loW much this move toward system-
atic development 'Juickened the 

growth of Nigeria is difficult to say be
cause of the lack of ade'luate statistics 
on the economy before 1 950. It is a mat
ter of record, however, that there was 
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substantial growth during the 1950's . In 
terms of 1957 prices the gross domestic 
product of 1950 was about £ 699.3 mil
lion (the Nigerian pound, like the Brit
ish, is equivalent to $2.80) and in 1960 
about £ 1 ,023 million-an average in
crease of approximately 4 per cent per 
year, which is good by the standards of 
underdeveloped countries. Gross fixed 
investment (in roads, schools, housing, 
plant and other fixed capital assets) rose 
from about 7 per cent of gross domestic 
product in 1950 to more than 15 pe,r cent 
in 1960-also a considerable achieve
ment. Consumer expenditures rose dur
ing the decade from £ 609 .4 million to 
£ 870 million; that rise exceeded any 
possible population increase and there
fore represented an improvement in the 
average standard of living. 

The increase in the real goods pro
vided during this period showed the 
more concrete aspects of the abstraction 
represented by the term "gross domestic 
product." The output of cement, textiles 
and many other consumer products in
creased many times. The number of tele
phones in service increased from 7,760 
to 38,690. Port cargo doubled (to 7.3 1 
million tons) and railroad freight rose 
50 per cent (to 1 .25 billion ton-miles). 

EDO 

FULANI 

HAUSA 

IBIBIO 

IBO 

KANURI 

NUPE 

TIO 

YORUBA 

Spending on education was £ 3.1 million 
in 1950 and £ 26.3 million in 1960. 

In 1959, a year before independence, 
the Nigerian government issued what 
amounted to a formal portrait of the 
economy: Economic Smvey of Nigeria. 
It indicated that a majority of the popu
lation lived in rural areas and that 75 
per cent of the adult labor force worked 
in agriculture, forestry and animal hus
bandry; that the cultivation of field and 
tree crops accounted for 50 per cent of 
the national income and 85 per cent of 
the country's exports, in addition to 
enabling Nigeria to feed itself . The sur
vey observed that "the prospects for 
raising the wealth of the country and the 
level of the National Income rest largely 
on the possibilities of increasing exports 
and developing industry. "  With respect 
to exports the survey foresaw "good 
grounds for hoping that oil exports will 
become important, " as they have, but 
cautioned that "it is to agricultural pro
duction that Nigeria must look for some 
time to come for any major increase in 
export earnings." On the subject of in
dustry, which was described as "not yet 
a major contributor to Nigeria's national 
income," the survey said: "It is a major 
objective of Government policy to pro-

0 2 3 4 5 6 
TRIBE MEMBERS (MILLIONS) 

NORTHERN REGION WESTERN REGION EASTERN REGION 

TRIBAL DIVISIONS constitute important factor in Nigerian life. Nation has about 250 
tribes, varying in membership from millions to a few thousand. Chart shows how each exist· 

ing region has a dominant tribe and also tribal minorities; same will be true of new Mid· 

west Region, where Edo will be principal tribe. Languages are almost as numerous as tribes. 
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mote the growth of industry in Nigeria, 
both to increase the wealth of the coun· 
try and to provide new sources of em
ployment. Industrialisation will also help 
to make Nigeria less dependent on the 
relation between the world prices for 
the primary products which she exports 
and manufactured goods, nearly all of 
which she at present imports " [see illus
tration on page 178]. 

Some of the other statistics showed 
how far Nigeria had to travel on the 

development road. Her per capita in
come of less than £ 30 a year put her in 
the lowest 20 per cent of the 100 areas 
in the world classified as underdevel
oped, and even that income was uneven
ly distributed among the regions. Illit
eracy was high; the 1952-1953 census 
had reported only 12 per cent of the 
population as being literate, and al
though that figure rose somewhat there
after, the educational attainments of the 
population still fell considerably short of 
the requirements for industrial develop
ment. By now, in the two southern re
gions, about 80 per cent of the school
age children are in elementary schools. 
But Nigeria was and is particularly short 
in high-level manpower: entrepreneurs, 
administrators and all manner of profes
sional and technical people. In fact, 
skills are the country's greatest need. 

Also reflecting the country's under
developed status was the composition 
of the labor force and imports. Not only 
was the greater part of the labor force 
engaged in agriculture but also nearly 
60 per cent of those so engaged were 
producing primarily for subsistence rath
er than the market. Imports, according 
to a study by Ojetunde Aboyade of Uni
versity College Ibadan, consisted in 
1 959 of 48 per cent soft consumers' 
goods, 10 per cent durable consumers' 
goods, 30 per cent capital goods, 1 1  per 
cent processing and raw materials and 1 
per cent miscellaneous imports. 

At a more abstract level past develop
ments showed some other disquieting 
facts. As the rate of investment in devel
opment had increased, a substantial ex
port surplus had changed in 1954 to an 
import surplus. Sterling assets had there
after dropped from £ 263 . 1  million in 
March, 1955, to £ 147.5 million in De
cember, 196 1 .  The balance of payments 
would therefore have to be watched. 

The rate of domestic savings had 
meanwhile remained at about 10 per 
cent of gross domestic product . That 
was a high rate for an underdeveloped 
country. But with sterling reserves fall
ing, capital investment could be main
tained at a high level only through 
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• Sony Sterecorder 777 S-Professional, all tran· 
sistorized 20r4 track stereo/mono tape recording NOW ON DISPLAY 
system featuring remote control and the exclusive 

2 full range speaker systems. Unequalled for per· 
formance and price. Less than $239.50 . •  Sony 
Sterecorder 500-A com plete 4 track stereo / mono 
tape system with unsurpassed stUdio quality. The 
full range, infinite baffle detachable speaker sys· 
tems integrate into the recorder lid, and separate 15 
feet for optimum stereo effect. Less than $399.50. • Sony Battery-Operated Executive Portable 801·A 

Sony Electro BiLateral head system. World's finest 
tape recorder. Less than $695 . •  Sony Amplifier I 
Speaker System SSA 777-AII transistorized, 10 
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watt, extended range 8" infinite baffle hi fidelity AU 010 / TAPE DEALER 
speakers created to produce perfect, full·sound reo 
production with the 777 S. Less than $175 . •  Sony Stereo 
Mixer MX 777 - For advanced recording techniques, this all· 
transistorized, battery· powered 6 channel stereo/mono mixer 
is tne perfect accessory to complete the 777 professional sys· 
tern. Less than $175 . •  Sony Stereo Tape Deck 263-0 -Add 
tape to any sound system with this 4 track stereo playback 
tape transport. 3 heads, 2 speeds, vertical or horizontal oper· 
ation. Less than $119.50 . •  Sony Stereo Recording Amplifier 
SRA-2L - All the facilities for adding stereo recording to the 
263·0 unit. Less than $99.50 . •  Sony Sterecorder 464-0 Deck 
- 2 speed, 4 track, stereo/mono, record/playback compact 
tape deck with built·in pre·amps. Ideal for custom installation. 

Less than $199.50 . •  Sony Portable Tapecorder 102-Rugged 
2 speed, dual track, hi fidelity recorder with deluxe features 

and 7" reel capacity satisfies the most exacting recording reo 
quirements. Less than $129.50 . •  Sony Tapecorder Ill-A 
popularly priced, high quality bantam recorder for everyday 
family fun. Less than $79.50 . •  Sony Sterecorder 200 -The 

most compact and lightweight quality 4 track tape recording 
system on the market today. Carrying case lid separates into 

-A distinctively styled, transistorized, 2 speed all purpose reo 
corder of utmost preCision and quality. For the executive desk 
or portable use. The self'storing mike features a remote stop 
and go switch. Tape it with you for less than $250 . •  Sony 
'Slide-Sync' Tapecorder 211-TS -Incredibly versatile, serves 
the photo enthusiast with an exclusive, automatic built·in ·pro· 

grammer' to activate a slide projector in 'sync' with your own 
,ecorded narration. Also the most compact tape teaching reo 
corder available. Less than $129.50 . •  Sony Tape Teaching Re· 
corder 464-SL - A deluxe language and music teaching aid, 
2 speed, 4 track, stereo and mono. Less than $219.50 . •  Sony 
Sterecorder 600 -3 heads, tape and source monitoring, 
sound on sound. vertical or horizontal operating. this 4 track 
stereo recording and playback unit is perfect for professional 
quality home installation. Less than $450 . •  Also available, 
an extensive line of professional studio quality microphones 

and accessories. All Sony Sterecorders are Multiplex Ready! 
For detailed literature and name of nearest franchised tape 
dealer write Superscope, Inc., Dept. N, Sun Valley, Calif. 

IN NEW YORK. VISIT THE SONY SALON. 585 FIFTH AVENUE. 
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increased domestic savings or increased 
capital imports. The former, however, 
would require a considerable effort and 
could, through an increased tax burden, 
produce heavy political repercussions, 
whereas the latter would affect the bal
ance of payments adversely by increas
ing the amount of money needed to serv
ice the external debt. 

Finally, the increase in the gross do
mestic product had begun to slow down. 
Sume of this was the result of falling 
prices for the country's raw-material ex
ports and some the effect of adverse 
weather on agricultural output. But part 
of the responsibility clearly lay in the 
fact that some of the past capital expend
itures had been for projects that were 
slow to produce results. 

These facts set the context for think
ing about the National Development 
Plan in the interregional Joint Planning 
Committee and its secretariat, the Fed
eral Ministry of Economic Development, 
where I headed the Economic Planning 
Unit for 18 months under a grant from 
the Ford Foundation. The declining 
growth rate, the prospect of still lower 
export prices, the drop in sterling bal
ances and the need to increase the mobi
lization of domestic resources for devel
opment all pointed to one conclusion: It 
was essential to put more emphaSiS than 
past development efforts had on directly 
productive investments and less on "so
cial overhead, " which· includes educa
tion, health and housing. 

From this determination it also fol
lowed that we would have to emphasize 
the central role of the ordinary annual 
budget, which the Nigerians call the 
recurrent budget. This meant viewing 
the development problem as involving 
the mobilization and allocation of re
sources. It also meant resisting any at
tempt to see development as essentially 
a problem of governmental and private 
capital formation, or to separate devel
opment expenditures from nondevelop
ment expenses prematurely. Every capi
tal project builds up additional recurrent 
expenditures; even if a hospital is a gift, 
the recurrent budget must provide the 
money for the staff. In addition, some of 
the most powerful development expendi
tures-such as for agricultural and in
dustrial instruction services, which will 
raise productivity and product faster 

ECONOMIC INDICES suggest how far 

Nigeria has to travel on road to desired de· 

velopment level. Comparable indices can be 

found for three other areas in different de

velopment stages: India (page 192), Brazil 

(page 212) and U.S. South (page 228). 
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· • .  another example of Caterpillar capabilities at work 

When Caterpillar Research Engineers talk about this proj
ect, they call it VHO. 

Officially, it's a research project to design a family of 
four Very High Output engines for the U. S. Army Tank 
Automotive Command. The family goal: delivery of more 
working horsepower per inch of displacement than any 
compression-ignition engine now available. Horsepower
to-weight ratios will be in the gas turbine range. 

Current design indicates a realistic initial target of 
80 HP from each cylinder at 2800 RPM. This is without 
revolutionizing engine structure or creating highly so
phisticated aspiration methods. 

Even in the design stage, family likeness is certain. 
Of the 194 major parts needed for the entire family, only 
30 parts have single usage and 164 are used in at least 
two models. 

Because of this high interchangeability, vehicle de
signers won't be hampered by a single engine configura-

tion. They will be able to arrange external accessories on 
these 4.5 x 5.5 bore and stroke engines to suit the vehicle 
... without adding parts to the logistics system. 

The VHO research program demonstrates another of 
Caterpillar's capabilities in the area of military vehicles 
and engines to power them. 

If anyone knows how to squeeze a thundering herd of 
horsepower into a military compression-ignition engine
or create a highly specialized piece of ground support 
equipment-Caterpillar does. To find out just how far 
Caterpillar's abilities range, contact Defense Products 
Department, Peoria, Illinois. 

CATERPI LLAR 
Caterpillar and Cat are Registered Trademarks of Caterpillar Tractor Co. 

Caterpillar Tractor Co., General Offices, Peoria, III. • Caterpillar Americas Co., Peoria, III. 
Caterpillar Overseas S.A., Geneva' Caterpillar of Australia Pty. Ltd., Melbourne· Caterpillar 

Brasil S.A., Sao Paulo· Caterpillar Tractor Co. Ltd., Glasgow· Caterpillar of Canada Ltd., 
Toronto· Caterpillar France S.A., Grenoble· Caterpillar (Africa) (pty.) Ltd., Johannesburg 

Career opportunities are available at Caterpillar for qualified Engineers, Researchers and Designers. An equal opportunity employer. 
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Please! Don't send for your free 
subscription to Component unless 
you are interested in new ideas for 
engineered glass or plastic. 
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New ideas, new developments, new uses

for glass and plastic. This is the content of 

Component, issued several times annually 

by Lancaster Glass Corporation . •  Most 

of the stories in Component are case his

tori es. They deal with applications for 

glass and plastic in products of some of 

America's leading manufacturers. (Natu

rally, the components are engineered and 

produced by Lancaster.) • If you are a 

football coach or a symphony conductor, 

Component is not for you. But if you want 

ideas on how glass and plastic parts can 

improve the utility, beauty or sales appeal 

of your products, fill out and mail the cou

pon below. We'll start sending your Com
ponent-a little book full of big ideas in 

glass and plastic. 

LANCASTER GLASS CORPORATION, LANCASTER. OHIO 
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Component· Lancaster Glass Corporation 
Lancaster 13. Ohio 
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than any other categories of govern
ment outlay-are always included in 
the recurrent budget. 

There was, therefore, a close relation 
between the recurrent budget and the 
size of the government's capital pro
gram. The recurrent budget also provid
ed a major link with the private sector, 
since policies on such matters as subsi-

1 MANUFACTURING, .CRAFT INDUSTRIES 
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dies and taxes have a direct impact on 
the budget. 

Another of our basic principles was to 
view our role as one of co-ordinating and 
helping rather than imposing a central 
will. To a certain extent this was in
escapable because of Nigeria's federal
ized structure and the strong sense of 
autonomy in the regions. But we also 
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GOODS AND SERVICES making up Nigeria's gross domestic product are shown in three 

major categories indicated by colored areas. Agriculture and related activities (top) con· 

stitute by far the biggest part. Among aims of development plan are increased earnings from 

agriculture and a considerable reduction in country's dependence on manufactured imports. 
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FRIDAY, NOVEMBER 13, 2026. 
REMEMBER THIS DATE • • •  IT'S DOOMSDAY 

This Doomsday is nothing to scoff 
at. It is  not the work of crackpots . 
It is a carefully considered esti
mate published in Science maga
zine by three serious scientists. 

These men have been studying 
the rate at which people have been 
giving b i rth to people s i nce 5000 
B.C. Then they calculated ahead 
and concluded that on N ovember 
13, 2026 the planet earth will con
tain 50 bill ion people (cu rrent to
tal : less than three billion ) .  And 
that, unless ou r world's production 
of food is stepped up immeasur
ably, these people will almost cer
tai nly starve. 

If o u r  h e a p i n g  d i n n e r  t a b l e s  
make Doomsday seem absurd ; if 
o u r  h i ghly p u b l i c i z e d  crop s u r
pluses make the Starvation Age 
seem remote, ponder this : 

If those 50 billion future citi
zens were i n vited to share o u r  
pl enty, they could eat their way 
through America's gigantic stored 
s u rpluses in less than one day. 

That's the population explosion 
you've heard about. 

Cyanamid has heard about it, 
too. That's one reason why several 
hundred Cyanamid scientists and 
technicians are at work in a new 
Agricultural Research Center - a  
rolling, 640-ac re laboratory-farm 

near Princeton, New Jersey. 
There, they work, read, talk and 

sometimes stare out at the coun
tryside. They consider, as the au
tos roll by, that New Jersey now 
has 800 persons per square mile 
( and so,  incidentally, has Japan ) . 
A n d  t h a t  i n  2 0 2 6  i t  w i l l  h a v e  
1 0,000 p e r  square m i l e  ( and s o ,  i n 
c i dentally,  wil l  J apan ) .  All  of 
which makes them search a l ittle 
harder for ways to match that 
population explosion with a food 
explosion. 

These scientists know that agri
c u l t u ral s c i ence m u s t  h u rry. It 
must replace two ears of corn with 
fou r,  four c h ickens w i th e i g h t ,  
eight hogs w i t h  sixteen. Then they 
must do it  again. And again. 

The p e o p l e  o f  P r i n c e t o n  a r e  
confident that they can d o  it. Al
ready they are discovering which 
n u tr i ents produce the b iggest,  
h e a l t h i e s t  l i v e s t o c k .  T h ey are 
growing plants i n  man-made, man
controlled temperatures ranging 
from arctic to j u ngle ; i n  humidi
ties ranging from desert to New 
York in August. 

They're discovering better ways 
to cope w ith insects, too. Right 
now, i nsects and disease eat o r  de
stroy 30% of all the food we plant. 
With fifty billion mouths to feed, 

we really won't be able to afford 
that kind of free-loading much 
longer. 

Much progress has already been 
made. Cyanamid's AUREO M Y C I N ® 
chlortetracycline has helped farm
ers cut more than a third off th e 
t i m e  i t  takes to b r i n g  p l u m p ,  
tender broilers t o  market. 

A n d  m u c h  p rogress is b e i n g  
m a d e  t o d a y .  A new i n sec t i c i d e  
called CYGON ® d imethoate is  stop
ping barnyard flies dead in thei r 
trac ks.  F ly - f r e e  c a t t l e, s c i e n c e  
knows, will grow fatter a n d  g ive 
more milk. 

C y a n am i d  s u b s c r i b e s  t o  t h e  
often-ignored axiom : Look after 
the future in the present. That's 
one r e a s o n  for the new m u l t i 
million dollar Princeton Agricul
t u ral Center. 

Another reason is  that agricul
tural research is  sou nd, profitable 
business. Good ideas that have 
reached thei r time usually are. 

This is the story of one research 
effort by one Cyanamid division. 
Eleven other divis ions operate in 
the United S tates and eighty-seven 
foreign c o u n t r i e s .  Working to
gether they c reate an atmosphere 
charged with di versity, alertness,  
and progress. 

c::::: c:: Y A. IV A. A-I Z D :=::> 
--------------------

A M E R I C A N  C Y A N A M I D  C O M P A N Y  
W A Y N E .  N E W  J E R S E Y  
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wanted to evoke the interest and draw 
on the experience of the people at the 
grass roots in order to bring as many as 
possible into the development process. 
We thought it absurd in any case for a 
man sitting in Lagos or any of the re
gional capitals to pretend to know in 
sufficient detail such matters as the agri
cultural problems in the Lake Chad area. 
We therefore emphasized development 
of the planning framework from below 
and the decentralization of decision
making in the execution of the plan. 

The National Development Plan as 
finally evolved includes co-ordinated 

undertakings by the federal government 
and each of the three regions. Total gov
ernment capital expenditures envisioned 
over the six years of the first plan are 
£, 676.8 million, of which 7 1 .4 per cent 
is to be apportioned to "economic de
velopment," meaning the directly pro
ductive sectors of the economy such as 
agriculture, trade, industry, electricity 
and communications; 20 .8  per cent to 
social overhead and 7 .8 per cent to ad
ministration, a category that includes 
defense. 

In the economic-development sector 
of the plan the greatest outlay- £, 143.8 
million, or 2 1 .3 per cent of the total plan 
expenditure-will go to the transport 
system. The greater part of that outlay 
will be federal, directed chiefly toward 
highway improvement, port develop
ment and expansion of the national rail
road system. 

Electricity will receive £, 1 0 1 . 7  mil
lion, or 1 5 . 1  per cent of the plan total. 
Virtually all the outlay will be federal, 
and two-thirds of that will go toward 
what is in effect the cornerstone of the 
plan-the Niger dams project. The broad 
aim of that project is the establishment 
of a nationwide electricity grid and the 
comprehensive development of the river 
that gives the country its name; the first 
stage, which the current plan includes, 
is the construction of a darn at Kainji. 
The second stage calls for a dam at 
Jebba by 1982 and the third stage for a 
dam at Shiroro Gorge. The total installed 
capacity, once the three stages have 
been completed, will be 1 .73 million 
kilowatts. 

The Kainji Dam is the largest single 
project in the first plan. In many ways 
it epitomizes Nigeria's efforts toward 
integrated development of her natural 
resources. It will provide electricity for 
all parts of the country. It will improve 
navigation on the main rivers, thereby 
lowering transport costs and providing 
easier access to the interior from the sea. 
It will regulate floods and help agricul-
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Classic Jobs of Measurement 
Performed by Electro Instruments 

A Foreword by 
Dr. Walter East 

President, Electro Instruments, Inc. 
"You name it, we'll find a way to meas
ure it," our brash engineers keep assur
ing me. I like their spirit, even if it has 
been costly to me in the way of expen· 
sive dinner bets ! 

It was with a measuring breakthrough 
that Electro Instruments was born. Our 
original Stepping Switch Digital Volt
meter was the first to substitute elec
tronically driven switches for mechanic 
cal needle movement devices. It quickly 
proved itself an ideal instrument for 
speedier, more accurate, more reliable 

. measurement-with useful applications 
in many industrial operations. 

Since that time we have pioneered 19 
other electronic "firsts." 

These have led to ways of refining 
many older measuring systems. But, 
more important, they have extended the 
areas in which our instruments, and our 
systems, can serve industry. 

The end result for which industry em
ploys measurement is economy . . . be 
it in personnel . . .  time . . .  materials 
. . . investment. Looking through our 
"case histories,"  I ran across a number 
of outstanding examples of economies 
effected by use of Electro Instruments. 

I thought we might usefully present 
these to industrial engineers, execu
tives, superintendents, as ideas they 
might consider for their own operations. 

Many readers, I appreciate, will have 
industrial measuring problems quite 
different from those cited in the ex
amples. On this point, I think our engi· 
neers are worth re·quoting: "You name 
it, we'll find a way to measure it ! "  

Electro Instruments' solid state Digital Multimeters bring greater speed, higher 
reliability to many jobs of measurement, and at a lower investment. 

Electro Instruments offers the world's 
most carefully designed X -Y Recorders. 

Spectra performance recorded 
without need for photography 

In many biochemical operations, re
corded profiles are necessary for accu
rate identification of compounds, and 
for purposes of quantitative assay. Used 
in connection w i t h  newly developed 
instruments capable of exciting mole· 
cules  to a state of  p h os p h o rescence , 
E l ectro I n s t ruments X-Y Recorders 
have p roved a means of producing visual 
display of spectra without need for pho· 
tographic equipment or processes. 

500 man hour job cut to 33 Y2 ! 
Telescoping a job that once required 

500 man hours into a 331h · hour opera· 
tion is no mean feat!  Yet a system 
employing an Electro Instrument Dig
ital Multimeter accomplished just that 
- for one of America's major space
craft * companies. 

What was involved was the testing of 
printed circuit cards. Each of 1000 cards 
produced daily by the company had to 
be given 32 separate tests for quality. 
It took an experienced electronics tech· 
nician and inspector 15 to 45 minutes 
per card to perform the job. 

In the interest of speeding up this 
tedious job, experiments with an auto· 
matic electronic testing machine were 
begun. The eventual solution proved to 
be a punched tape system - designed, 
incidentally, by one of the company's 
e n g i n e e rs - w i t h  an E le c t ro I n s t r u ·  
ments Digital Multimeter employed as 
a key parameter. 

Each of the 1000 cards are now given 
the 32 quality tests in less than 2 min
utes-with results being displayed at the 
push of a button ! ( ' Name on request) 

[3 
D 

E l ectro I n stru m e n t s ,  I n c .  
8 6 1 1  B a l b o a  A v e n u e ,  S a n  D i e g o  1 2 ,  C a l i fo r n i a  

ELECTR O I N T E R N ATI O N A L ,  I N C . ,  A N N A PO L I S ,  M A R Y LA N D  • TRA N S FO R M E R  E N G I N E E R S ,  S A N  G A B R I E L ,  CALI FO R N I A  
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ture, but it will pay on electricity alone. 
The category of "primary production, "  

which includes agriculture, livestock, 
forestry and fishing, will receive £ 9 1 .7 
million, or 13 .6  per cent of the plan 
total. A third of that will be spent by 
the Eastern Region, the remainder in ap
proximately equal shares by the other 
two regions and the federal government. 
The money will go for such undertakings 
as research, training, irrigation, crop 
improvement, farm settlements and 
plantations and a fishing harbor at 
Lagos. On this subject the plan observes: 
"The expansion and modernisation of 
agriculture and related production is 
of crucial importance to the development 
of the Nigerian economy. The proceeds 
from export products will determine to 
a large extent the volume of imports 
which can be made available for econom
ic development in other sectors; the 
efficient expansion of domestic food pro
duction will determine not only whether 
the Nigerian people will eat better but 
also whether they can effectively reduce 
dependence on imported foodstuffs; the 
increased productivity of agriculture 
will determine whether the income of 
the great majority of the people can be 
effectively raised and this will in turn 
determine the size of the domestic mar
ket for the new industries which are 
expected to spring up. "  

The final major category of economic
development expenditures is "trade and 
industry, "  which will receive £ 90 .2 
million, or 13 .4 per cent of the total .  
About half o f  that spending will b e  fed
eral; regional outlays will range from 
£ 23 .4  million in the Western Region to 
£ 9 .9  million in the Northern Region. 
Chief among the projects is the construc
tion of an iron and steel mill at a site as 
yet to be determined; it is expected to 
cost £ 30 million and to be in operation 
by 1966 at the earliest. The mill is envi
sioned as being the center of a complex 
that will provide an extensive stimulus 
to the economy by using Nigerian ores, 
limestone, electricity, oil and coal in ad
dition to producing upward of 1 25,000 
tons of steel products annually for the 
growing economy and thereby reduc
ing the country's dependence on im
ported steel. 

KotheI' major project in the trade-and-
industry category is an oil refinery 

under construction at Port Harcourt by 
a combine of the Shell oil group and 
the British Petroleum Company Limited, 
which are sharing the £ 8 million cost 
with the four governments. Ultimate 
ownership of the refinery will be 40 per 
cent in the hands of the Nigerian govern-

ment, 40 per cent Shell and British Petro
leum and 20 per cent Nigerian stock
holders. The refinery will be profitable 
and also result in substantial import sav
ings, with outlays for petroleum imports 
expected to drop from £ 1 1 .7 million this 
year to £ 3 .4  million by 1965, when the 
refinery will be fully in operation. 

This portion of the plan also provides 
for the establishment of a National De
velopment Bank "to join foreign skills 
and experience and foreign private capi
tal with Nigerian skills and capital in the 
development of new industries and the 
expansion of existing ones . "  This bank 
is coming into existence during 1963. 
In addition there is provision for an 
array of technical and advisory services 
for Nigerian private industry. Outlays of 
£ 30 million for communications, main
ly the telephone system, and £ 24.3 mil
lion for drinking and industrial water 
projects complete the economic-develop
ment section of the plan. 

In the social-overhead sector of the 
plan the largest outlay will be for edu
cation, which will receive £ 69 . 8  million, 
or 10 .3  per cent of the plan total. The 
program calls for substantial expansion 
of teacher training and school capacity 
at all levels. Town and country planning 
will receive £ 4 1 . 7  million and health 
measures £ 17 million . 

The financing of the plan depends 
heavily on foreign aid, which is expect
ed to supply fully half the need. The 
Nigerian federal and regional govern
ments hope to have £ 263 million avail
able from their own resources toward 
the £ 653 .8 million in planned capital 
expenditures (that figure being the 
£ 676.8 million in capital projects out
lined by the plan less £ 23 million in 
"underspending, "  i .e . ,  a predictable 
shortfall). There is therefore a gap of 
£ 389.8 million, of which £ 327 . 1  mil
lion is to be covered by "assumed foreign 
aid" and the remainder is so far "uncov
ered. " The Nigerians hope that they can 
eliminate the uncovered gap by budget
ary economies. 

Nigeria's development also will con
tinue to depend heavily on private in
vestment, which hitherto has been slight
ly greater than public investment. The 
plan contemplates that two-thirds of the 
total gross investment will come from 
government funds and one-third from 
private sources. This does not reRect any 
political bias, however, and it is in fact 
expected that private investment will 
provide more and public investment less 
than outlined in the plan. The private 
investment anticipated by the plan over 
the six years is at least £ 400 million, 
about half of it from abroad. Achieve-
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.J ET A I R  F R E I G HTER. New Boeing cargo jet, now in service, 
makes the Atlantic a six·hour ocean. Distribution systems built 
around j et air freight generate so many savings - in inventory, 
warehousin g, crating and ground·handling expenses - that 
over·all  costs are reduced. Deliveries in hours instead of  weeks 

improve competitive sales positions and speed capital turnover. 
Boeing cargo j ets carry larger payloads at lower ton-mile costs 

than any other commercial transport. Now flyin g with Pan 
American, Northwest Orient and World airways, Boeing cargo 
j ets enter service soon with American, TWA and Irish airlines. 

Capability has many faces at Boeing 

M I C R O M I N I ATU R E  thin·film circuitry reo 
search is one of many advanced areas of Boeing 
eleclroAics activities, which include electronics 
systems for Minuteman missiles and space 
vehicles. 

SATU R N  V. drawing, right, will stand tall 
as 30·story building and hurl 100 tons into earth 
orbit. Boeing is  developing, building and testing 
for NASA the s·le firot-stage booster with 
thrust of approximately 160,000,000 horsepower. 

U . S. AI R F O R C E  volunteers, using Boeing 
oxygen recovery system, completed 30-day sim· 
ulated space flight with only four-day oxygen 
supply. Boeing space research includes propul. 
sion, controls, orbital docking and life support 
systems. 

Space Technology · MilsileJ ' Military Aircraft System.s . 707. 720 and 
727 Jetliners · Systems Management . Helicopters . Marine Vehicles . 
Cas Turbine Engi1U$ • Also, Boeing Scientific Research Laboratories 
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W H ICH 
OSCILLOSCO P E ? 

C h oos i n g  t h e  right osc i l l o s c o p e  to h e l p  s o l v e  a meas u re m e n t  p ro b l e m  i s  s o m e 
t i m e s  confu s i n g .  T h e  c h o i c e  s e e m s  so l a r g e .  Fo r exa m p l e ,  T e ktro n i x  offers ove r 
fifty d ifferent types .  

The cho ice  of a n  osc i l losco p e  n a rrows co n s i d e ra b l y ,  however ,  o n c e  the  a p p l i c a 
t i o n  i s  k n o w n . Determ i n i n g t h e  type w h i c h  b est s u its t h e  a p p l i cat i o n  t h e n  b e c o m e s  
a matter  of u n d e rsta n d i n g  t h e  var i o u s  feat u res of t h e  osc i l l os c o p e .  

To h e l p  you b ette r u n d e rsta n d  osc i l l oscope featu res , Tektro n i x  offers you a f r e e  
boo k l et .  T h e  boo k l et ,  F U N D A M E N TA LS O F  S E L EC T I N G  A N D  U S I N G  O S C I LLO
S CO P ES ,  c a n  b e  a n  i n va l u a b l e  a id  in  fu rt h e r i n g  you r k n ow l e d g e  of osc i l l os c o p e s  
a n d  i n  l ea r n i n g  m o re a b o u t  how t h ese p rec i s i o n  too l s  m i g h t  h e l p  you i n  yo u r  
stu d i es of c h a n g i n g  p h e n o m e n a .  A l so ,  i n  a d d i t i o n  to e x p l a i n i n g  osc i l losco p e  
featu res,  t h i s  i n fo rmat i v e  1 6- p a g e  b oo k l et d es i g n ates d iffe r e n c e s  i n  osc i l losco p e  
t y p e s  a n d  d e s c r i bes  factors affect i n g  va l i d ity o f  wavefo rm d i s p l ays .  

For you r copy of the boo k l et ,  p l ease w rite to T e ktro n i x  o r  u s e  t h e  c o u p o n  b e low.  

.� 
� 

-< 

- - - - - - -"- . - - -�- - - - -
• Tektronix, Inc. P. o. Box 500, Stat i o n  96750F,  Beaverto n ,  Oregon • 
• P l ease s e n d  me t h e  free b o o k l e t  " F u n d a m e n t a l s  of S e l ec t i n g  a n d  U s i n g  • Osc i l l os c o p e s . "  

• N a m e  _______________ T i t i e  _______ • 
• C o m p a n y  or O r g a n i z a t i o n  ____________________ • 
• A d d ress • 
L

City Z o n e  __ State _ . 
- - - - - - - - - - - - - - - - -
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ment o f  that objective will require at) 
increase of at least 10 per cent ovel 
present levels of foreign private invest. 
ment in Nigeria and constitutes one 01 
the major challenges of the plan. 

This first plan is an ambitious one-l 
think overly ambitious . Something of 

this appears in the results of the first 
year, although they also reflect the in
evitable delays and difficulties involved 
in setting so big a venture in motion. 

By the end of that year commitments 
of foreign aid came to only £ 105.5 mil
lion- £ 80 million committed by the 
U . S. before the plan went into effect, 
£ 15 million from Great Britain, £ 8 .5  
million from West Germany and £ 2 
million from Switzerland. A substantial 
loan from the International Bank for 
Reconstruction and Development to
ward the Kainji Dam is expected. Never
theless, substantially more will be need
ed. In the development of capital proj
ects during the first year governmental 
and private investment were approxi
mately equal. Investment in the econom
ic-development sector was £ 46 million, 
or about £ 9 million below the plan tar
get; within that sector investment in the 
highly productive area of agriculture fell 
short but investment in transport (no
tably roads and bridges) was consider
ably in excess of plan targets. Total 
expenditure in the social-overhead sector 
at £ 18 million was some £ 2 .5  million 
above the plan target, even though rela
tively little was spent in the high-priority 
field of education and relatively much 
on health projects. Administrative ex
penses were almost double the projected 
amount because of the unforeseen 
amount of expenditure on national de
fense, which has joined agriculture, in
dustry and technical education as a 
major plan priority. 

Moreover, recurrent expenditures rose 
sharply, moving Okotie-Eboh to remark 
in his 1963 budget speech that he was 
"deeply concerned." Exports fell by 
about £ 3 million because timber and 
palm-product shipments dropped in 
both volume and price, the cocoa price 
fell drastically and the cotton crop was 
halved by adverse weather. The effort to 
tap domestic savings had results that 
Okotie-Eboh called "disappointing." 

There were, however, some bright 
spots. Imports in 1962 dropped by £ 20 
million, or about 10 per cent, and the 
greater part of the decline was in such 
consumers' goods as textiles, clothing, 
household utensils and beer. In contrast, 
imports of capital goods and machinery 
rose Significantly [see illustmtion on 
page 1 78 ] . As a result the balance-of-
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we p robed m ateria l  m utati ons 

d iscovered a l ow-cost m otor mag n et 

T h e  fa ntast i c a l l y  e x p a n d e d  u se of s m a l l  e l ectr i c m oto rs ,  i n  both batte ry- o p e rated a n d  p l u g - i n d ev i ces ,  g ave o u r  

researc h  p eo p l e  a c h a l l e n g e  - a n d  a n  o p p o rtu n ity , T h e  p roj ect - c o m e  u p  w i t h  a lower  cost ,  yet effi c i e n t  c e ra m i c  

m a g n et mate r i a l  for a D C  m otor f i e l d .  _ U s i n g  o u r  u n i q u e  m ate r i a l s  researc h ex p e r i e n c e ,  w e  var i e d  t h e  

tec h n i q u es i n v o l v e d  i n  t h e  d eve l o p m e nt of o u r  o r i g i n a l  I N Dox@ c e ra m i c  m a g n et m ater i a l s ; e x p e r i m e nted w ith  

d i ffere n t  fi r i n g  te m pe ratu res ,  e n v i ro n m e nts,  and  coo l i n g  rates ; a p p l i e d  s p e c i a l  m a n ufactu r i n g  tec h n i q u e s  to  

obta i n  p ro d u ct i o n  q u a n t i t i e s  c o m p a ra b l e  to l a b o ratory s a m p l e s .  _ T h e  res u l t  - I N Dox I I ,  a m u tat i o n  of o u r  

I N DOX I a n d  I N Dox V m ate r i a l s  h av i n g  t h e  l o w-cost a d v a n t a g e  o f  t h e  fi rst a n d  t h e  s u p e r i o r  m a g n et i c  c h a racte r i st i cs 

of the seco n d .  I N DOX I I h a s  a res i d u a l  i n d u ct i o n  ( S,) of 2700 g a u ss ; c o e rc i ve force ( H b) of 2250 oe rste d s ; i n tr i n s i c  

coerc i v e  ( H e;) o f  2800 oe rsted s  a n d  p e a k  e n e r g y  p rod u ct ( S d H ,) o f  1 . 65 x 1 06 m a x .  W h e n  u s e d  t o  re p l ac e  wou n d  

fi e l d s  i n  D C  m otors,  I N DOX I I  re d u c e s  cost ,  i m p roves effi c i e n cy ,  l ow e rs h eat l osses ,  c u ts n o i s e ,  red u ces m otor 

s i z e  and we i g ht .  _ I n d i a n a  G e n e ra l  e n g i n e e rs are h a p p y  to p l ac e  t h e i r  m a g n et i c  e x p e r i e n c e  at you r d i sposa l 

from d es i g n i n g  n e w  p e r m a n e n t  m a g n et m ate r i a l s  to b u i l d i n g  c o m p l ete m e m o ry syste m s  for  l o g i c  storag e .  C a l l  
o r  write f o r  f r e e  b o o k l et ,  " T h i s  i s  I n d i a n a  G e n era l"  t o  I n d i a n a  G e n e ra l  C o r p o rat i o n ,  Va l pa ra i s o ,  I n d i a n a .  

INDIANA GENERAL rill 

FER R ITES M EMORY 
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HOW TH E SOLDI ER'S PACK WAS SHRUNK 
The dilemma went unresolved for years. The ground forces needed a 
compact, powerful soldier-to-command-post communications system 
with a transmitter that would come to life the instant the "talk" 
button was pushed . New solid-state devices could be used for every
thing but the power tube. ( At the frequencies and powers desired, 
transistors are impractical - and seemingly will be for a long while. ) 
Existing quick-heat tubes went dead in action, their spidery filaments 
collapsing from the shock. The untidy solution : use a tube with a 
sturdy but slow-heating cylindrical cathode, and pile on the soldier's 
back enough battery capacity to keep the tube constantly on and 
warmed up.  It gave less power and more weight than was desirable. 
But it worked. _ The electronics people kept trying. " Hot-shot" 
voltages, several times normal , if applied momentarily to the rugged 
indirectly-heated cathode tubes, would j olt them into warming up 
faster ( almost fast enough ) . But until E imac took hold of the prob
lem, this also led to tube failures : when the j olts came too often, as 
the chatter tempo went up, the heaters burned out from the climbing 
temperatures. - The solution came when E imac found a way to heat 
a rugged cylindrical oxide cathode directly. With the "hot-shot" tech
nique, it would warm up before the soldier could form his first 
syllable. At the same time, Eimac invented a way to build a tempera
ture-sensing electrode right into the tube. This reliably cancels the 
"hot-shot" as soon as the tube is warm. It also prevents the "hot-shot" 
if the tube is  already warm enough from previous use. Result : no 
standby power required, and the tubes last and last. • Ordinarily a 
transmitter of the power that this tube! can deliver takes a cooling 
fan . Now, if a heat-producing element can be attached to a chassis 
through a heat-conducting path, the whole chassis can become a 
"heat-sink," thus eliminating the fan. ( "Heat-sink" cooling is not 
only very fashionable in electronic circles these days, it also makes 
very good sense. )  In this case, the heat conductor had to be an elec
trical insulator because the tube anode runs at high voltage. A block 
of heat-conducting ceramic did the j ob,  thanks to E imac ceramic
metal bonding wizardry. _ Now manufacturers h ave been able to 
produce a new tran sceiver in a manageable 12-pound package. It puts 
out more than eight times the power of its predecessors, operates 
more reliably in the field - and weighs less . _ For military - and 
commercial - communications, this new electron tube idea means 
more power output and less weight, not only for ground forces 
but also for vehicles, aircraft, ships and mobile stations,  too. And 
the soldier has had a load taken off his back. For Eimac : another 
example of the way it solves problems at the source, meeting to
morrow's power tube needs today. 

1 .  More details? Write for data. Just mention the Eimac X2013. 
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E ITEL-MCCU LLOUG H ,  I N C. 
SAN CARLOS, CALIFORNIA 

Subsidiaries : National Electronics, Inc . ,  Geneva, Illinois 
Eitel-McCullough, S. A . ,  Geneva, Switzerland 

payments position improved and imports 
shifted toward those contributing direct
ly to development. In addition to this 
encouraging trend private investment 
had done well and many public projects 
got off to a good start. 

Nigerian development is indeed gath-
ering way, but there are some shoal 

waters in its course. A major deficiency 
in the output of university graduates and 
persons of intermediate education to re
duce the dearth of skilled manpower 
appears inevitable. Frederick Harbison 
[see "Education for Development, " 
page 140] has estimated that Nigeria 
needs 2,000 university graduates a year, 
whereas only 1 ,000 Nigerians are receiv
ing university degrees at home or abroad, 
and that the annual requirement for per
sons with a secondary school education 
is 4,000 more than the 1 ,500 the school 
system is producing. At the same time, 
ironically, the country has a growing 
problem of "school-Ieavers" -primary 
school graduates who are not equipped 
for any government or business jobs but 
who flock to the towns looking for them 
fruitlessly. 

There is also the possibility of dan
gerous distortions in development pri
orities. Although directly productive 
projects are often difficult, showpiece 
projects that have no direct effect on 
economic growth are often easy. The 
results of the first year indicate a tend
ency to drift toward them. 

Political stresses also may affect the 
development process. Nigeria is sched
uled to become a republic in October, 
probably along Indian lines, and it is 
possible that the transition will produce 
strains. It also remains a possibility that 
the regional balance, already somewhat 
disturbed by Northern domination and 
the creation of the Midwest state, may 
change further toward complete North
ern rule of the country. 

In contrast, however, was the outcome 
of a recent discussion about adopting a 
preventive-detention act-the device so 
many authoritarian governments have 
used to suppress political opposition. 
Nigeria's rejection of that idea is strong 
evidence of the deep root that liberty 
has taken and of the moderation and 
strong sense of direction of the national 
leadership. 

Nigeria has great potential and a 
strong determination to develop it. Her 
goal of becoJuing self-sustaining is at
tainable, and she should eventually reach 
it. How long that will take is difficult to 
say. My estimate, which many Nigerians 
consider unduly pessimistic, is that it 
will require at least a generation. 

© 1963 SCIENTIFIC AMERICAN, INC



Holding the line . . .  for a richer harvest 

Boll weevil, codling moth, leaf rollers, thrips and beetles . . .  these are only a few of t�e thousands 

of insects that chew up millions of dollars worth of farm crops each year. Fortunately, however, 

they are no match for a new Union Carbide product called SEVIN insecticide . In the United States 

and many other countries, the use of SEVIN has already saved such staple crops as cotton, corn, 

fruits and vegetables from destruction by ravaging insects. � SEVIN comes from years of research in 

Union Carbide laboratories and at an experimental farm in North Carolina where scientists prove , 

out their latest agricultural chemicals. � This is only one area in which chemicals from Union Carbide 

help improve everyday living. The people of Union Carbide are constantly at work searching for 

better products that will meet the needs of the future. 

A HAND IN THINGS TO COME 
LOOK for these famous Union Carbide products -SEVIN Insecticide, 

"6-12" Insect Repellent, LINDE Synthetic Emeralds and Stars, PRESTONE Car Care Products. 
Union Carbide Corporation, 270 Park A venue, New York 1 7, N. Y. In Canada, Union Carbide Canada Lim ited, Toronto. 

© 1963 SCIENTIFIC AMERICAN, INC



© 1963 SCIENTIFIC AMERICAN, INC



PRO GRE SS in electronic measurement results from 
continuing research and development 
work. Scientists and engineers need faster, 
more accurat� instruments to bring into 

areas of the known that which formerly could not be measured. 

One of the most significant instrument developments of the past year, represent
ing 40 man-years of effort, is the remarkable new Hewlett-Packard Frequency 
Synthesizer, a source of five bill ion discrete frequencies. 

In such critical fields as single-sideband communications, radio navigation, missile 
and satellite tracking,  variable frequency signal sources are needed with accuracy 
and stability usually available only in laboratory-type fixed frequency standards. 
However, conventional oscillators do not provide this accuracy and stability, and 
the frequency of a lab standard is not variable. 

In 1958 Hewlett-Packard engineers turned their attention to new techniques for 
answering this combination of requirements. Rather than trying to improve conven
tional electronic circuits, they began development of an instrument which could 
synthesize a signal of any desired frequency from a single, precisely controlled 
standard. Stringent objectives were established. 

The synthesizer was to deliver signals ranging from 0.01 cycle per second to 50 
million cycles per second-in increments of 0.01 cps! Stability, accuracy and 
purity of each of the 5 billion discrete, selectable frequencies were to be equivalent 
to the characteristics of the frequency standard. The instrument was to be solid 
state ; spurious signals were to be at least 90 decibles below the level of the selected 
signal ; and any output signal was to be selected by front panel pushbutton, or 
by remote control in no more than 1 millisecond. 

These requirements, and many more, were needed by potential users. The new 
hp 5 100A-51 10A Frequency Synthesizer meets them. 

The discrete frequencies, derived from a single precise source, are created by 
complex electronic processes of multiplication, division, addition and subtraction . 
New techniques for harmonic generation were developed to accomplish the multi
plication ; methods of heterodyning and mixing were refined to accompl ish the 
addition and subtraction. 

Major refinements in both circuit technology and mechanical arrangements were 
made to meet the stringent requirements. Switching, for example, has to be elec
tronic to achieve the 1 millisecond goal, but electronic switching can produce un
wanted spurious signals. New filtering techniques were developed to maintain the 
specified output purity. 

Numerous interacting problems were encountered and solved to achieve realistic 
instrument design and construction within the demands of the specifications. Engi
neers on the project even had to design and build special instruments to measure 
certain parameters, since no suitable commercial instrumentation existed . 

Yet, despite the initial unknowns and the problems, the Hewlett-Packard frequency 
synthesizer is now a reality. It meets or exceeds all the requirements put upon 
development engineers by both the users and themselves. It is practical testimony 
to the validity of a continuing R & D  program which places Hewlett-Packard at 
the forefront of precision electr.onic measurement. 

The 5100A Synthesizer (top) is d riven by the h p  

5 1 1 0A fixed freq u e n cy u n i t  ( botto m ) ,  w h i c h  pro· 

v ides a sta b i l ity of 3 pa rts in 1 09 per day. T h e  

5 1 00A d e l ivers s ign a l s  f r o m  0 .01  cps to 50 m c  i n  

i n creme nts a s  s m a l l  a s  0.01  c p s .  Any d i sc rete fre

q u e n cy may be sel ected conveni ent ly by front

panel  pushb utton,  or rem otely in less tha n 1 m i l l i 

second. N o n - h a rm o n i c  s p u rious s ig n a l s  a re 9 0  d b  
down.  h p  5 1 00A, $ 1 0, 500; h p  5 1 1 0A $5000. 

H EW L E T T - PA CK A R D  C O M PA N Y  
1 501 Page M i l l  Road,  P a l o  A l to, C a l ifornia 94304 

Divis ions a n d  Affi l iates:  H e w l ett- Packard S.A. ,  Geneva; Hewl ett- P a c k a rd (Can
a d a )  Ltd.,  M o n t rea l ,  Q u e . ;  Boonton R a d i o  Company,  Dymec Divis ion,  H a rrison 

Laboratories D i V is i o n ,  HP Associates, F. L. Moseley Co. ,  S a n born C o m p a n y .  

P l a nts:  C a l i fo r n i a ,  C o l o rado,  M a ssac h u setts, New J e rsey, E n g l a n d ,  G e r m a n y .  
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Life support for 14 days in space 
The NASA-McDonnell  Proj ect Gemini  is the  maj or l ink 
between P r o j e c t  M e r c u r y  a n d  P r o j ect  A p o l l o  ( th i s  
nation's first flight t o  the moon ) _ I t  wil l  give our space 
effort vital information on prolonged spaceflight effects 
an d wil l  also be used to test space rendezvous techniques_ 

Gemini's advanced environmental system will keep the 
spacecraft's two astronauts comfortable for two weeks of 
continuous orbital flight.  Garrett-AiResearch builds the 
system that p rovides a breathab le atmosphere, pressuri-

zation, temperature control ,  venti lation and atmosphere 
p u r i f i c a t i o n  in the t w o - m a n  s p a c e c r a f t  a n d  in b o t h  
astronauts' suits f o r  the entire fl ight. AiResearch al so sup
pl ies the supercritical cryogenic oxygen and hydrogen 
tankage system for the fuel cel l power supply_  

This maj or contribution to the advancement of space 
travel is  one more example of Garrett's p roved capabil ity 
in the design and p roduction of vital systems and their 
components for man's most chal lenging exp loration_ 

T H E  G A R R ETT C O R P O R AT I O N . A i R e s e a r c h M a n u f a ct u r i n g  D i v i s i o n s ' L o s  A n g e l e s  9 ,  
C a l i f o r n i a . P h o e n i x ,  A r i z o n a . o t h e r  d i v i s i o n s  a n d  s u b s i d i a ri e s :  A i rs u p p l y - A e r o  E n g i n e e r

i n g • A i R e s e a rc h  Av i at i o n  S e rv i c e ' G a r r e t t  S u p p l y ' A i r  C r u i s e r s . A i R e s e a r c h  I n d u s t r i a l  

• G a rrett M a n u f a c t u r i n g  L i m i t e d  • G a rrett I n t e r n at i o n a l S .  A . •  G a rrett ( J a p a n )  L i m i t e d  

I B B 
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The Development of India 
With a di\)ersified population of 450 rnillion, it has perhaps 

the l1�ost complex problel1� of de\)elopmenL It seeks to ad\)ance 

by lnethods that follow its traditional a\)oidance of coercion 

I
ndia joined the community of 20th
century nation-states in 1947, the 
second lm'gest in population and the 

seventh in land area. The people had 
won their independence in a struggle 
unique for its stress on peaceful means. 
From the beginning of the struggle the 
national leadership, under Mahatma 
Gandhi, recognized that the pledges of 
the independence movement would not 
be redeemed until the mass of the people 
were assured work, a tolerable standard 
of life and opportunity for continued ad
vanceinent. Today the country is com
mitted to a crucial experiment in eco
nomic development. India believes that 
industrialization and the attendant radi
cal reconstruction of society can be 
achieved fairly rapidly and without re
liance on class hatred or the invocation 
of violence and coercion. 

This belief is a matter of faith; his
tory offers no clear precedent to support 
it. In the past, revolutionary violence 
offered the only path to radical social 
change, and in those days the pace of the 
underlying change in the living condi
tions of people was generally slow. In 
our time, however, the advance of sci
ence and technology, the better knowl
edge of social and economic processes 
and an improved climate of internation
al co-operation have brought material 
prosperity within the reach of all people. 
And political democracy has brought 
with it the possibility of peaceful change. 

India is now in the second year of 
the third in a succession of five-year 
plans that are guiding its development. 
Its 450 million citizens-nearly a sixth 
of the population of the world, speaking 
a multiplicity of languages, cherishing 
a diversity of cultural traditions and still 
segregated in a multitude of castes-live 
in 15 states and eight territories that 
constitute the Indian Union. Yet change 

by Pitambar Pant 

is already and everywhere apparent. The 
jet airplane flying overhead is as m uch 
a part of the landscape as the bullock 
cart carrying produce from village to 
town. The thatched mud huts of villages 
in the Punjab surround the modern capi
tal at Chandigarh designed by the 
French architect Le COl·busier. While 
the atom is being harnessed to supply 
energy from a reactor of advanced de
sign at Tarapur, cow dung will con
tinue to be burned as the primary source 
of fuel in millions of Indian homes. India 
has many scientific laboratories and out
standing scientists, but the astrologer re
mains a respected member of society. 

O f India's total area of 72 1 million 
acres, one-fifth is under forest and 

two-fifths are under cultivation. About 
20 per cent of the cultivated area is irri
gated. Of the cropped area 80 per cent 
is used for producing cereal grains and 
pulses (the seeds of leguminous plants 
such as peas and beans ) .  These consti
tute the staple food, and because the 
farming is largely for sheer subsistence 
they are grown everywhere. The kind 
grown-whether rice, wheat, barley and 
maize or the indigenous iowa,-, ragi or 
ha;ra-depends on the local climate, soil 
and availability of water. Cash crops in
clude tea, coffee, sugar cane, oil seeds, 
tobacco, jute and cotton, spices and 
tropical fruits. Jute and cotton manu
factures, tea, tobacco and spices account 
for nearly half the export earnings of 
India. 

Lack of water at the right time is the 
principal handicap and hazard to Indian 
agriculture. The rains are seasonal mon
soons coming once or twice a year;chey 
are undependable from year to year 
Most of the rain comes in the summer 
and floods to the sea in rivers ±urther 
swollen by the melting of the Himalayan 

snows. A scanty monsoon can seriously 
damage the chief harvest of the year. 

In recent years Indian planning has 
laid great stress on irrigation. \'i1ith 
irrigation not only is the main harvest 
assured but also two or three crops a 
year are possible. At present an esti
mated 70 million acres are under irri
gation; some of the land h as been ir
rigated for ages past. About 40 million 
acres get water from wells, tanks and 
minor works, and 30 million acres are 
supplied by large and medium-sized 
projects. Another 100 million acres are 
believed to be irrigable by the develop
ment of ground-water supplies and the 
abundant but unharnessed river waters. 

India has most of the m ineral re
sources necessary for its industrial de
velopment. It has one of the largest re
serves of high-quality iron ore in the 
world, estimated at 21 billion tons. The 
supply of coking coal, estimated at two 
billion tons, is not large but is sufficient 
for the development of substantial steel 
production by established technology. 
Bauxite, the chief ore of aluminum, is 
fairly widely distributed in high-grade 
deposits. India is one of the largest pro
ducers of manganese and has a virtual 
monopoly of mica mining. There are also 
fair reserves of limestone, gypsum, re
fractory materials, ilmenite (titanium 
ore ) and some gold and copper and 
minor minerals. 

For energy resources the Indian econ
omy can count on 50 billion tons of coal 
down to the fully workable depth of 
2,000 feet. Intensive oil exploration, 
initiated six years ago with the help 
chiefly of the U.S.S.R., has resulted in 
the discovery of new fields in Gujarat 
and Assam; domestic production of 
crude oil is expected to reach seven mil
lion tons within a few years. The abun
dant monazite sands in Kerala provide 
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a rich source of thorium for the develop
ment of atomic energy. Of thc electric 
potential of the rivel' waters, estimated 
at more than 40 million kilowatts, not 
even 10 per cent has yet been exploited. 

S ome 360 million Indians live in 
570,000 small villages dotted all 

over the country. Although there are 
2,690 towns and cities, only 1 07 have a 
population of more than 100,000; seven 
cities are large, having a population of 
more than a million each. The population 
of the towns is growing perhaps twice as 
fast as that of the country as a whole, 
with migration from villages playing an 
important part. Nearly 25,000 of the 
towns and villages had been electrified 
by 1961, compared with only 4,000 a 
decade earlier . 

Agriculture engages 70 per cent of 
all male and female workers: 130 mil
lion out of a total of 188 million. It 
contributes nearly half the national in
come, but the average income per work
er engaged in agriculture is only 40 per 
cent of the average income per worker 
in other sectors. Manufacturing in or
ganized factories contributes only 10 

per cent to national income and employs 
fewer than four million workers. 

As a consequence of India's popula
tion growth-nearly 2.5 per cent per year 
-half the population is less than 20 years 
old; persons over 60 years are less than 
5 per cent of the total. By ] 975 the 
working population is likely to number 
250 million, four times the present labor 
force of the U.S. 

Today India is a poor nation. Poverty 
is not confined to groups of unfortunates 
or to backward regions; i t  engulfs almost 
the entire population. The average per 
capita product is barely $80 a year. 
The consumption of the poorest 10 per 
cent is as low as five cents a day and, 
notwithstanding the conspicuous con
sumption and the riches of a tiny minor
ity at the top, the consumption of the 
richest 5 per cent aggregates no more 
than 50 cents a day. Mass poverty is  as
sociated with low output and low income 
per worker and with widespread under-

INDIA has an area of 1,126,500 square miles. 

Much of land indicated as being arable in 

the large map on the opposite page is not 

intensely cultivated. Map at lower left shows 

the country's major language regions; color 

indicate s  its population density by states. 

Major farm commodities and mineral reo 

sources appear on map at lower right. i 

MEASURE OF EVERY PLENCO COMPOUND, READY-MADE OR CUSTOM-FORMULATED 

... AND MAXIMUM PERFORMANCE FOR AN EVER-INCREASING D IVERSITY OF 

APPLICATIONS ... BY THE EVER-WIDENING GROUP OF FINE COMPANIES WHO SPECIFY 

PLENCC> 
PHENOLIC MOLDING COMPOUNDS 
The factor of impact, of heat, of friction. Insulation. Dimensional stability. Absorption. 

If phenolics of proved uniform quality can solve your special product or production 

problem, Plenco can provide the answer-and does-for a Who's Who of American 

industrial firms, large and small. Call us for help at any time. 

PLASTICS ENGINEERING COMPANY. SHEBOYGAN, WISCONSIN 
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employment of human and material re
sources. 

In agriculture the yields per acre are 
low: in rice, one-third that of Japan; in 
cotton, one-fifth that of Egypt. The rea
son for the low yields is basically the use 
of poor agricultural technology . In the 
agricultural population there are wide 
disparities in income arising primarily 
out of the uneven distribution of land. 
Although the typical ceil ing on owner
ship of land is about 30 acres, the num
ber of persons who have tiny holdings of 
two acres or less runs into millions. With 
the best of effort and assuming sub
stantial gains in future productivity per 
acre, income from farming is not likely to 
approach the minimum acceptable for 
the farm family-or the family of the 
l andless agricultural  worker-within a 
reasonable period.  

The majoritv of the nonagricultural 
population is not much better off. Oc
cupations in the services and trades 
are overcrowd cd and do not provide adc
quate incomes. Large numbers are en
gaged in traditional village i ndustries, 
handicrafts or small manufacturing, us
ing only simple tools and l ittle or no 
power . 

1'he large size of India's population 
makes the task of securing a rise in 

l iving standards much more difficult. To 
increase consumption of food grains by 
two ounces pcr head per day, for ex
ample, will require an increase of nine 
million tons in  annual supplies. This 
means an increase of more than 10 per 
cent in domestic production or alterna
tively an increase in import expenditures 
of $750 million, which is more than 
half of India's total export earnings . 
Similarly, to provide the four or five 
million new workers who join the labor 
force every year with capital e(luipment 
at the rate of $200 each adds up to $ 1  
billion per year-about equal to the for
eign aid India  expects to receive during 
its third five-year plan. Because of the 
high rate of population growth a good 
part of the investment is re(luired mere
ly to keep the average per capita income 
constant; only a part is available to in
crease per capita income. 

The solution of these problems lies 
in transforming the technology of pro-

ECONOMIC INDICES give broad view o f  

India's p resent state o f  development. They 

can be compared with charts setting out 

similar data for Nigeria (page 174), Brazil 

(page 212) and the U.S. South (page 228). 
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Honeywell 
data acquisition system 

records stresses 
on ships at sea 

e�tretnely low recording 'fhe � 
sPeed 

b·\ity of a Honeywell Mag . 
capa 1 netIC 

systetn and the versatility o[ 
'fape a 

Honeywell Visicorder Oscillograph 
have teatned up to report a new story 
of the punishment ships take at sea. 
Lessells and Associates, Inc., Boston, 
used the Honeywell system to meas
ure the vertical longitudinal stresses 
induced in the hull each time a ship 
is pounded by a wave. 
A Honeywell LAR 7460 Magnetic 
Tape Recording system was installed 
aboard the 5.5. Hoosier State, and 
later aboard a sister ship, the 5.5. 
Wolverine State. Both are 520-foot, 
15,000 ton freighters operated by 
States Marine Lines of New York. 
Strain gages were attached to the port 
and starboard gunwales amidships to 
sense stresses produced by waves en
countered over the turbulent trade 
routes of the North Atlantic. 
The outputs of the gages were com
bined in a manner which would can
cel the horizontal and transverse 

Stress '. rtica\ es d . \ 'Ie 
b a n permit on Y ending stresses to be measured. 
Data [rom the strain gages were then 
recorded at .3 inches per second on 
the 14-track LAR 7460 tape system. 
The extremely low speed capability 
of the recorder permitted 40 hours of 
data to be recorded on a single pass 
of a 10Yl-inch reel of tape. During 
the voyage, the ship's officers rewound 
the tape every 40 hours, permitting 
160 hours of data to be recorded on 
a single reel of tape. 
After the voyage, the tape was taken 
to Lessells' laboratory and played 
back from a Honeywell reproducing 
and amplifying system at 60 inches 
per second, or a speed ratio of200 to 1. 
From the playback system, the data 
were recorded on a Honeywell Model 
906 Visicorder oscillograph, operat
ing at a paper speed of one inch per 
second. 
The data were also fed through a prob
ability distribution analyzer and this 
processed output was fed into the 

p ..... ,�jTY ..... :t&O. ' 
.., "",f. �r 

Top trace: Stress data as recorded on ship. ltfiddle trace: Probability distribution analyzer encoder output. 
Bottom trace: Probability distribution analyzer output. \Vork performed under NOBS Contracts: .¥88349, 
Ships Stc.uctures Committee; §884S 1, Office Chief of Transportation. Dept. of Army. 

DATA HANDLING SYSTEMS 

Honeywell 

det to permit simlllta 
'\T isicot . . l1eous 

. on of onglnal and proc 
obsetvatl essed 

By being able to control bOth l. 
data. t"e 

ding speed and the playback recor 
speed, as well as the paper speed of 
the Visicorder, Lessells could obtain 
a permanent record of the data with 
any desired trace resolution. 
Whatever your data acquisition re
quirements may be, Honeywell sys
tems can meet your needs. Visicorder 
oscillographs are available with chan
nel capacities from 1 to 36 and paper 
speeds from 1 inch per hour to 160 
inches per second. Honeywell Mag
netic Tape Systems range from the 
economical Honeywell 8100 porta
ble recorder/reproducer to complete 
laboratory systems, with capabilities 
including FM, direct, digital, and in
cremental recording. 
For complete information, call your 
local Honeywell representative. Or 
write or call Honeywell, Denver 
Division, Industrial Products Group, 
Denver 10, Colo. (303-794-4311) 

The Honeywell reproducing and amplifying tape 
system and the Model 906 Visicorder Oscillo
graph in Lessells' Boston laboratory. 

HONEYWEll INTERNATIONAL Sales and Service ottices in all principal cities ollhe world. Manufacturing ,n Un'ted States, United Kingdom, Canada, Netherlands, Germany, France, Japan. 
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MEDICAL SERVICES are improving in India. Number of hospital beds, physicians and 

nurses is rising in relation to the population. For example, there was one hospital bed for 

2,340 people in 1961 (lip per bar) compared with one bed for 3,178 in 1951 (loIVer bar). 
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DECLINING DEATH RATE and stable hirth rate are found in India as in many other un· 

derdeveloped countries. Top bar of ea,.h group represents 1956-1961, middle bar 1951-1956 

and boltom bar 1941-1951. Infant mortality has dropped and life expectancy has risen. 
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duction i n  various fields and modernizing 
the economic institutions.  The technical 
side of the task i s  to get technology from 
abroad firmlv rooted in the Indian soil 
through the ·rapid extension of scientific 
education and research and the rapid 
build-up of productive facilities. The 
economic side of the problem is to mobi
l ize the physical resources by fiscal and 
financial means. In order to support in
creased investmcnt increased savings are 
required. In other words,  a larger pro
portion of currcnt production has to be 
set aside for building a productive ca
pacitv designed to yield a larger Row of 
goods and services in  the future. 

It is a difficult and delicate problem 
in a democracy of poor pcople to raise 
the rate of savings fast enough. Income 
per head is low, and for the very large 
number the margin for rcduction of cur
rent consumption is small. The savings 
of the few rich arc not enough . In the 
parliamcntary democracy of India, based 
on adult  franchise,  the government has 
undertaken to increase thc rate of capital 
formation by persuasion and without ac
centuation of inccjualities of income. 
Accepting these social and political 
l imitations, India's planners envision an 
increase in the ratc of domestic savings 
from 5 pcr cent of national income to 
20 per cent ovcr the 25 years from 
1950 to 1 975. Certain regimes, with a 
di fferent  political structurc and social 
philosophy, have found it possible to 
raise rates of savings to 20 per cent or 
more in much shorter periods . 

\V ith i n  three years after the attain-
ment of in dependence the govern

ment appointed a Planning Commission 
-a purely advisory body, even though 
Prime Minister Nehru has been its chair
man from the outset-to develop a long
term strategy for economic growth. De
velopment is a continuous process. The 
five-year plans have therefore been 
framed in the context of a long-term, 
continually evolving "perspective plan." 
The function of perspective planning is 
to relate economic development to social 
objectives and to provide a 'l uantitative 
framework that expresses this relation
sh i p .  It  has to bring out the complex 
i nterdependence of the various sectors 
and to reveal possible obstacles to 
growth so that timely and co-ordinated 
action can be taken. Such an analysis i s  
helpful in  framing decisions regarding 
i nvestments with long gestation periods, 
in the structuring of education in relation 
to the needs of society, in the reform of 
fiscal and financial institutions and final
ly in the regional distribution of activity 
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HUNTSVILLE, ALABAMA ••• SATURN I BOOSTER IS CAPTIVE-FIRED IN FINAL PRE

PARATION FOR LAUNCHING. EIGHT H-I ENGINES OF THE FIRST STAGE DEVELOP 

1.5 MILLION POUNDS OF THRUST NEEDED TO TEST APOLLO SPACE CRAFT AS PART 

OF THE UNITED STATES MANNED LUNAR PROGRAM. BEHIND THE SCENES, VITRO 

SERVICES PROVIDES MAJOR TECHNICAL SUPPORT FOR NASA TEST DIVISION 

LOCATED AT THE GEORGE C. MARSHALL SPACE FLIGHT CENTER HERE. 

VITRO CORPORATION OF AMERICA . 261 MADISON AVENUE . NEW YORK 16, NEW YORK vitrD 
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ANYONE can build 
the new stereo kits 
from Scott 

Scott's Chief Kit Engineer, Gaylord Rus
sell, watches while one of 100 novices 
builds a pre-production sample of a new 
Scottkit. This kind of thorough pre-testing 
means that every Scottkit will meet or 
exceed published specifications even when 
constructed by someone who has never 
built a kit before. 

Scott introduces exciting new kit
building techniques that make any 
of the seven new Scottkits simple, 
foolproof, and fun to build. Among 
the many Scott construction exclusives 
are the full-color instruction book, 
the separate Part-Charts (one for each 
page in  the book ) with parts mounted 
in  the exact order used, the precut 
and prestripped wires, and the pre-
mounted mechanical p arts. 
Seven different stereo amplifiers and 
tuners are available from Scott. Prices 
start at $99.95. See the new Scottkits 
and factory wired components at your 
dealer, or write today for the new 
24 p age Stereo Guide. 
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SOURCES OF ENERGY in India include one unusual in the West: cattle dung. It is the 

most important in the noncommercial category (lower three pairs 0/ bars) and accounts for 

28 per cent of energy consumption. Colored bars are coal equivalents, gray bars per cent. 

within the setting of national develop
ment. 

Another function of the perspective 
plan is to educate public opinion on 
issues of development and to promote 
the kind of open discussion that is likely 
to secure a common consensus of politi
cal parties. This is perhaps easier in a 
poor society in which all can agree with
out controversy on at least one objec
tive: the abolition of poverty . When the 
purpose is nothing less than to transform 
society, planning ceases to be an esoteric 

subject or a mathematical exercise . It 
must be imbued with deep social pur
pose and revolutionary zeal. The prob
lems must be boldly faced and alterna
tives must be discussed in concrete and 
quantitative terms, for the understand
ing, appreciation and acceptance of 
the people. 

In the course of time national political 
parties, instead of being labeled by 
ideology, may begin to be identified with 
the rates of growth they represent. The 
conservatives in India may then be those 
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PLANTED 

r;- H. Scm(IN7::-- - - --;7�9-- -
FALLOW -111 Powdermill Road 

Maynard, Mass. 
Rush me your authoritative free Stereo 
Component Guide as soon as it comes off 
the press. 

Name ______________________ __ 

Address' ___________ __ 

City Zone __ State __ _ 

II SCOTT' 
H. H. Scott, Inc .• 111 Powderrriill Ild., May. 
nard, Mass. Export: Morhan Exporting Corp., 
458 Broadway. N.V.C. Canada: Atlas Radio 
Corp., 50 Wingold Ave., Toronto 
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LESS THAN HALF OF LAND in India was planted in 1961. The rest was allowed to lie 

fallow, was forested or uncultivated. Colored hars represent acres, gray hars per cent. 
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NEW HOPE FOR UNDER· DEVELOPED NATIONS RESULTING FROM BASIC SPACE RESEARCH 
Lunar and space missions such as Proj
ect Apollo seldom seem, in their far-out 
glamour role, to be closely related to 
that great fundamental ... mankind. Yet 
one single aspect of the Apollo program 
-fuel cells-holds a vast amount of 
hope. Especially for under-developed 
nations. 

Often referred to as "continuous bat
teries," fuel cells convert chemical energy 
directly to electrical. They are the newest 
power sources to emerge from scientific 
research into the realm of practical en
gines. The specific cell system aboard 
Apollo will be a Hydrox® unit, reacting 
hydrogen and oxygen, and is the result 
of research at Leesona Moos Labora
tories, one of the first in America to 
undertake studies on fuel cells. Hydrox 
will supply electrical power for vehicle 
control, communications, and numer
ous other power needs aboard this lunar 
mission. Marking the first such use of 
these new power sources, the Hydrox 
installation will inaugurate a new age 
in the generation of electrical power. 
Final engineering and manufacture of 
the units for Project Apollo will be 
carried out by Pratt & Whitney Division 
of United Aircraft, under license from 
Leesona Corporation. 

But space missions are only the first 
part of the story. At the same point in 
time that Leesona Moos began studies of 
Hydrox fuel cells, a concomitant project 
was undertaken to develop an even more 
advanced system ... a cell using air as 
oxidant and inexpensive hydrocarbons 

or their derivatives as fuels. These hy
drocarbon-air (Carbox®) and mixed
gas/ air (AminoxT") developments of 
Leesona Moos do not require reactants 
of high purity, and are very flexible 
from a logistics point of view. Low cost 
and readily available fuels are used, and 
the universal oxidizer-air-supplies the 
other portion of the reaction mix. Be
cause the fuel cell is an extremely effi
cient engine-efficiencies of up to 70% 
are attainable, vs. 30% for a conventional 
diesel-the result is an exciting new 
means of generating electrical power at 
low operating expenditure. Pratt & 
Whitney Aircraft in the United States, 
and Energy Conversion Ltd., * of Eng
land, are carrying out further develop
mental engineering on these systems 
under license from the Leesona Corpo
ration. 

These new Leesona power sources, of 
high efficiency and low fuel costs, can 
readily be seen to provide the world 
with an entirely new type of electric 
generator. Fuels of the hydrocarbon 
variety are fairly abundant throughout 
the world. The fuel cell, though scienti
fically sophisticated, is neither unwieldy 
nor complex in its operation, and re
quires little maintenance. Units with 
power levels from those required for a 
one-family dwelling up to communal or 
industrial ground-power stations have 
been projected in Leesona Moos studies, 
and found feasible. 

The impact Carbox and Aminox can 
have on the emerging countries is 

readily understandable. The develop
ment of a nation can almost be measured 
by its ability to produce and consume 
electrical power. In this mechanized 
world, virtually all industry waits on 
the availability of electricity. If an emer
gent economy must hold off its develop
ment until completion of large-scale 
hydroelectric projects, a distinct problem 
of time and expenditures arises. If, on 
the other hand, the nation had access 
to Carbox and Aminox type fuel cell 
systems, which could be tailored to the 
need and would operate on locally 
available fuels, the basic first step to
ward an industrialized economy and 
higher living standards would be 
achieved. 

Leesona believes its efforts, plus the 
great additive capabilities of our United 
States and international partners, will 
soon result in working installations of 
the Carbox and Aminox systems to ad
vance the standards of all mankind. 
Meanwhile, the sibling Hydrox system 
supplies power for a moon voyage. And 
research continues. 

---+---

*Enelogy Conversion, Ltd., is a new 
corporation founded by four British 

cornpanies: National Research and De

veloprnent Corporation; British Petro

leurn Cornpany, Ltd.; Bloitish Ropes, 

Ltd., leading manufacturer of !'Ope and 

steel cable; and Guest, Keen, and N ettle

folds G!'OulJ, major steel manufacturers. 

III . LEESONA MOOS LABORATORIES I I A Division of Leesona Corporation • Lake Success Park, Community Drive • Great Neck, L. I., New York 
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1�I.a®o 
4'cradle of 

.industrial research" 

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

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

Write for industrial information. 

Department of Conservation and Economic Development 
Promotion Section 951· w. 

520 East State Street, Trenton 25, New Jersey 
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NEWdERSEY 
Bureau of Commerce, 

in the 
geographic 
center of 
the world's 
richest 
market 

TOTAL 
1961 

POPULATION 1951 

MALES 

FEMALES -
0 25 50 75 100 

PER CENT 

LITERACY in India has been increasing hut it is still not high. More than 75 per ('ent of the 

population is illiterate. The upper bar of each pair is for 1961, the lower har for 1951. 

who urge a 5 per cent rate; the radicals, 
those who advocate a 7 per cent rate, 
and the men of reason and moderation, 
those who work for 6 per cent! 

The basic strategy thus laid down for 
the five-year plans can be brieRy out
l ined . Agriculture plays a dominant role 
in the Indian economy and is the sector 
that contributes principally to the sup
ply of food and clothing tbat accounts 
for two-thirds of tbe total consump-

PRIMARY 
(AGES 6-11) 

MIDDLE 
(AGES 11-14) -

SECONDARY . 
(AGES 14-17) 

I 

COLLEGE I (AGES 17-23) 

I 

.. 

tion expenditure of the average Indian 
household. Much greater production of 
a variety of crops will be re(luired . This 
will be possible only bv enlisting ad
vanced agricultural techniques: opti
mum util ization of water by i rrigation 
and drainage, tbe use of organic and in
organic fertil izers, pesticides, better im
plements, more careful crop planning in 
relation to soil and cl imate, improved 
genetic strains and reduction of crop 

1961 

o 10 20 30 40 
STUDENTS ON ROLL (THOUSANDS) 

INCREASE IN STUDENTS is plotted. In 1950-1951, 25.4 per cent of the children six to 17 

years of age were enrolled in schools; in 1955-1956, 32.1 per cent; in 1960-1961, 39.9 per cent. 
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Silicone 
Surfactants' Peak 
Performance Cuts 

Costs Of Rigid 
Foam Insulation 

Ask the man who knows insulation. He'll 

tell you about polyurethane rigid foams 

and the big job they've been doing since 
the introduction of silicone surfactants. 

Rigid foams have become the choice for 

insulating refrigerators, reefers, storage 

tanks, and hot or cold pipes. They can 

be foamed on the spot. They're light, 

low in thermal conductivity. 

Silicone surfactants have made a big 

difference. For example, finer and more 

uniform cell structure eliminates voids 

and areas of high density so that you 

get better insulation. Full rise lets the 

foam fill all nooks and crannies, even 

travel around corners. You get more 

foam, lower density, lower K factor. 

There's also a higher percentage of 

closed cells resulting in less air pene-

Photo Courtesy of Trailmobile 

tration and heat transfer by convection. 

As the originator of surfactants for 

polyurethane foams and the leading 

innovator in silicone technology, Union 

Carbide is constantly developing new 

products to do a better job. You select 

from the most complete product line, 

get the specific surfactant for your par

ticular system. 

For example, L-530 is recommended for 

difficult foaming conditions. Added to 

either resin or "quasi" component, L-530 
is designed for sorbitol and aromatic 

started polyols. 

Another silicone surfactant, L-531, is 

suited for sorbitol started polyols. Used 

by adding to either resin or "quasi" com

ponent, L-531 is a superior emulsifying 

agent for resin and fluorocarbon premix. 

Silicone L-5310 is preferred for sucrose 

as well as sorbitol started polyols. This 

surfactant is recommended for the most 

stringent foaming conditions. 

Highly versatile, L-5310 is the outstand

ing general purpose surfactant, well 

suited to a variety of systems. 

If you formulate polyurethane foams, 

consider the advantages of Union Car

bide silicone surfactants. For full infor

mation, complete and mail the coupon 

Foamed-in-place polyurethane 
rigid foam provides the insu
lation for this huge reefer, which 
will carry meat and other re
frigerated products. 

below. In the meantime, make it a point 

to see your Silicones Man-he'll be glad 

to give you complete information on sili

cones for foams and general uses. 

Silicone surfactants make a big difference, as 
rigid foam on the right shows. L-5310 surfactant 
gives higher rise, lower density, better insulation 
values using the same quantity of raw materials. 

• 
UNION CARBIDE is a registered 

trade mark of Union Carbide Corporation. 

r---------------
I Silicones Division 

I Union Carbide Corporation 

I Dept. 3184-4302, 30-20 Thomson Ave. 

I Long Isiand City 1, New York 

I In Canada: Union Carbide Canada, ltd. 

I Bakelite Division, Toronto 12. 
I 
I Please send me data Orl ______ _ 

I 
I 
I NAME ____________ _ 

I TITLE ____________ _ 

I 
I COMPANY ___________ _ 

I ADDRESS. ___________ _ 

I, I CITY _____ ________ _ 1 ZONE I I STATE I l--------_______ J 
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Our 
Newest 

Compact 

C ryoVa c ' s  c o m p a ct l y  d e s i g n ed H E - S e ri e s  
H e l i u m  R ef r i g e r a t o r s  a re t h e  o n l y  u n i t s  
of t h e i r  k i n d  ever  d e s i g n e d  specif i c a l l y  for  
d e n s e  gas h e l i u m  refr i g e ra t i o n  at  t e m p 
e ra t u r e s  b e l ow 2 0 °  K e l v i n .  P ro p r i et a ry 
e n g i n e e r i n g  t e c h n i q u e s  i n  t h e  h e a t  e x 
c h a n g e  d e s i g n  p e r m it c o m pactness n e v e r  
b e f o r e  possi b l e .  As a r e s u l t ,  a s i z e  r e d u c 
t i o n  i n  t h e  ove r a l l  syst e m  to o n e -t h i rd of 
t h at of a c o m pet i t ive u n i t is poss i b l e .  I n  
a d d i t i o n  t o  b e i n g  c o m pact , t h e  H E - S e r i e s  
i s  s k i d  m o u nted resu l t i n g  i n  red u c e d  i n sta l 
l a t i o n  costs, a d d e d  re l i a b i l i ty a n d c o m p l ete 
p re d e l i v e ry c h e c k  o u t .  T h e s e  p l u s  a uto
m at i c  ove r l o a d  reg u l at i o n-it  w o n ' t  g o  o u t  
of b a l a n c e  n o  m atter  w h a t  t h e  l o a d - a re a 
few of t h e  r e a s o n s  m ost of t h e  l a rg e  s p a c e  
s i m u l a t o r s  n ow i n  o p e r a t i o n  o r  u n d e r  
c o n s t r u ct i o n  e m p l oy C r yoVa c H e l i u m  
R e f r i g e rators for  cryopu m p i n g .  A s i m i l a r  
c o m pact,  o n l y  t h i s  o n e  f o r  prod u c t i o n  of 
l iq u i d  h e l i u m  i s  a l so a va i l a b l e .  Write for  
i n f o r m a t i o n  on e i t h e r  syst e m  . •  I f  y o u  
w o u l d  l i k e t o  r e c e i v e  a r e c e n t  p a p e r, 
" C r y o p u m p i n g  S p e e d s  i n  La r g e  S p a c e  
S i m u l at i o n  C h a m be rs " by C h a r l e s  B .  H o o d ,  
o u r  Tec h n i c a l  D i rect o r  a n d  a w e l l - k n ow n  
a u t h o r ity i n  t h e  f i e l d  o f  c ryog e n ics,  p l e a s e  
write D e p a rt m e n t  S A  33,  C ryoV a c  I n c . ,  
9 3 0  K i n n e a r  R o a d ,  C o l u m b u s  1 2 ,  O h i o .  

C O L U M B U S  1 2  O H I O  

I nqu i ries from qualified scientists and engineers 
rega rd ing  emp loyment oppo rtunit ies a re i nvited 
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losses by greater attention to storage and 
processing industries. The farmer has to 
have access to more knowledge and the 
requisite supplies, and he should have 
adequate incentive. Ultimately it is on 
the will and initiative and effort of the 
millions of farmers that the outcome de
pends. As a palliative to widespread 
underemployment and low income in 
rural areas, particularly among landless 
agricultural workers, large programs of 
labor-intensive rural works-foresta
tion, road building and land improve
ment through irrigation, drainage and 
terracing-are being organized and car
ried out. 

'fhe role of industrialization in the 
scheme of things is  not onlv to create 

new opportunities for employment but 
also to provide the technology and the 
fruits of technology that will improve 
the productivity and material condition 
of the people in the villages as well as 
in the towns . The economy of India is 
large and the potential s ize of the m arket 
is  enormous. Even in the near future 
there is a great variety of products for 
which demand will be sufficient to allow 
production on an efficient scale in a few 
plants. 

At this stage of its development India 
cannot produce all the things its growing 
economy requires .  Although the indus
trial countries-and even some under
developed countries-have large export
ablc surpluses to pay for their imports, 
Indi a-in common with most underde
veloped countries-labors under an ex
port-import deficit [ see "The Structure 
of Development," by Wassily Leontief, 
page 148 ] . This is partly because of diffi
culties i n  generating larger surpluses for 

S U R FA C E D  
ROADS 

U N S U R FA C E D  
R O A D S  

R A I LWAYS 

50 

export and partly because of tariff bar
riers erected by the industrialized COUll
tries .  Since the creation of new industries 
and the increased requirements for inter
mediate materials generated by expand
ing industries give rise to large imports, 
the strategy of rapid development calls 
for heavy current foreign-exchange defi
cits in order to forestall endless, unman
ageable deficits later on. 

India has been receiving foreign as
sistance of the order of $ 1  billion per 
year from a number of countries, includ
ing the U . S. S.R . ;  nearly 40 per cent has 
been contributed by the U.S.  If the mo
mentum of development is to be main
tained, foreign aid must continue to fill 
a gap of at least this order of magnitude 
in India's foreign-payments account for 
another decade . 

The country must exert its utmost to 
expand its exports and at the same time 
India's friends must be prepared to ac
cept and encourage such effort. Because 
of the continuing foreign-exchange 
shortage, India is compelled to continue 
restricting the entry of nonessential im
ports and regulating the availability of 
foreign exchange. This also means that 
the domestic development program must 
aim at meeting most of the requirements 
of i ntcrmediate and finished manufac
tured goods. Concurrently India has to 
find ways to expand and improve educa
tion, health, sanitation and housing and 
create social conditions for vigorous cul
tural advance. Co-ordinated develop
ment in all these fields is scarcely less 
important than expanding the supply of 
consumers' goods . 

The urgency and complexity of the 
task, together with the possibility of 
achieving in this century substantial 

1961 
1956 

100 1 50 200 250 
T H O U S A N D S  OF M I L ES 

GROWTH OF SURFACE TRANSPORTATION, an important factor in development, is  

shown here.  Top bar o f  each group is  for 1961,  middle har for 1956 and bottom bar for 1951. 
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A Report 1m Electrical Measuremen t 

New ways to solve measuring 
problems . . .  digitally 

Frankly, if you haven't looked closely 
at digital measuring instruments and 
systems lately, you're in  for a pleasant 
surprise.  Recent and exciting develop
ments in digital voltmeters and associ
ated equipment have provided entirely 
new ways to solve voltage measuring 
problems; 

Here are a few of them : 

Data C lassif i cation is Automated 

An entirely new type of instrument
t h e  S t a t i s t i c a l  D i g i t a l  Vol tmeter
a u t o m a t i c a l l y  p r o v i d e s  an a c c u r a t e  
statistical description of a test, experi
ment or production run .  All  three NLS 
m o d e l s  a u t o m a t i c a l l y  c l a s s i fy i n p u t  
voltages a n d  display results a s  a bar 
graph. With suitable transducers, they'll 
classify lengths, pressures, resistors, etc. 

Typical results : quality is  increased 
and costs cut in electronic component 
testing by reducing  scrap . . .  the exact 
time for machine adjustment is  indi
cated in fabrication industry . . .  man
h o u r s  are s u b s t a n t i a l l y  r e d u c e d  i n  
rel iabil ity a n d  environmental testing. 

E lus ive Varyi ng Voltages 

and Pesky Peaks 
Until now, no instrument-digital or 
otherwise-has been able to measure 
and record varying voltages and peaks 
with sufficient accuracy for many appli
cations. The problem has been solved 
by the n e w  C H 3  C l a m p -A n d - H o l d  
D i g i t a l  Vol tm eter .  I t  a l s o  m e a sures  
n o n-vary i n g  vo l tages  a s  a s t a n d a r d  
DVM. 

Or if you must measure varying volt
ages at a high repetition rate, use the 
n e w  N L S  I D S 2  S a m p l e-A n d-H o l d  
Module i n  conjunction with an NLS 1 5  
A-to-D Converter. 

7 
Here tl l "O eH3s are used in experime n tal  
psychology . One measures a II lIman's re
sponse to physical disturbances and the 
second measures rate and exte n t  of the 
disturbance. 

Ground Prob lems ? 
. . .  not with the new RV2 series of low
cost, reed-relay digital voltmeters that 
feature complete ground isolation and 
exceptionally high common mode rejec
tion. One is  battery-operated for porta
bi l ity and the other lower-cost model 
operates from conventional AC outlets 
only. 

Automati ng Mass Spectrometers 

and Analysis of No ise -R idden  Peaks 
" P ayout in s ix  months 
d u e  t o  s a v i n g s  o f  
$50,000 a year ."  That's 
the report  of a m a j o r  
chemical  c o m p a n y  on 
i t s  use  of an NLS MSD2 
M a s s  S p e c t r o m e t e r  
Di g i t i zer  t o  a u t o m a t e  
t h e  t e d i o u s  a n d  t i m e
consuming task of peak 
measurement and evalu
ation . Upon recognizing 
a true ion voltage peak by a unique dig
ital approach that rejects noise peaks, 
the system provides a printed record of 
the peak with its corresponding accel
eration voltage - plus a punched tape 
record and visual display. In addition 
to its proven success in mass spectrom
eter use, the MSD2 holds great promise 
for other applications requiring highly 
accurate measurement of voltage peaks. 

0.001% Resolut ion in 

AC Voltage  M easurement 
With introduction of a new type of 
AC-to-DC converter by NLS, the accu-

racy of digital AC voltage measurement 
now a p p r o a c h e s  t h a t  of D C-also 
measuring speed is  increased. Used with 
an NLS 5-digit voltmeter, the Model 
225 provides full 5 -digit ( 0 .00 1 % of 
full scal e )  resolution and 0 .01  % line
arity and stabil ity. 

H igh  Speed . . .  at lower Cost 
For applications requiring high speed, 
h i g h  a c c u r a c y  a n d  f u l l y  a u t o m a t i c  
operation at a price that h a s  o u r  com
petitors worried, NLS has unveiled the 
V9 1 series of all-electronic digital volt
meters that promises to be the most 
popular of all NLS instrument types_ 
Speed is from 1 0  to 1 3 0 milliseconds/ 
measurement.  Price : $2 ,985 to $ 3 ,685 
depending upon printer output. 

Ampl if icat ion With out Compromise 
The new NLS 1 44 meets every require
ment that our customers could dream 
up for a precision differential AC/DC 
ampl ifier. 

5 -D i g it DC Measurement 
H a s  y o u r  l i m i t e d  b u d get  prevented  
you from buying  a full 5 -digit DVM? 
C o n s i d e r  t h e  n e w  N L S  4 8 5  w i th 
a u t o m a t i c a l l y  s e l e c t e d  r a n g e s  o f  
± 9 . 9 9 9 9 / 9 9 . 9 9 9 / 9 9 9 . 9 9 .  P r i c e :  
$ 1 ,000 (or more) below any other NLS 
5 -digit DVM. 

Did We M iss Your Prob lem ? 
Chances are, you'l l  find the solution in 
the NLS l ine of digital measuring in� 
s tru m e n t s  a n d  s t a n d a r d  s y s t e m s
world's largest by purpose . . .  by price. 
Or your nearby NLS engineering/serv
ice center ( 29 in  U.S .-soon 40) will 
help design a custom system to meet 
your needs. 

36 Pages of Techn ica l  Data . . .  
on 2 1  new instruments 
that increase your meas
uring capability i s  avail
a b l e  w i t h o u t  c o s t  o r  
obligation.  Simply ask for 
"Catalog Supplement" on 
your letterhead. 

�� �;��':'Iif�'�;;'f�;;'t�ms. inc. , � eEL MA". C A u r O R N 1 A  S "' Y L I ,.. [ � - I  LH tw)( o n  loll "' ''  6 H� 
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Outstanding Professional 
Assignment Available For : 

Ph.D. 
with 

achievement 
In 

systems 
development 

If you are a creative innovator 

with the desire to follow your 

ideas from concept to comple

t ion, a rewarding and satisfying 

future can be yours at HUGHES

FULLERTON R&D i n  Southern 

California.  

Based on your capab i l i ty you wi l l  

contribute to the  development of 

advanced proj ects in Air  Defense 

Weapon S y s t e m s ,  U n d e r w a t e r  

S y s t e m s, C o m m a n d  & C o n t r o l  

S y s t ems,  We a p o n  S y s t e m s  a n d  

Display Systems. 

3-S years' experience in  systems

oriented assignments is  desired. 

U. S. c itizenship is required. 

Enjoy encouragement of in i tiative 

and recognition of achievement 

in an e s t a b l  i s h ed p r o f es s i o n a l  

e n v  I ro n m e n t. 
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For full information 
please write : 
DR. ARNOLD SMALL 

Hughes A i rcraft Company 

Ful lerton R & D  

P. O. Box 3639 
Fullerton 11 ,  Cal ifornia 

Creating a new world with electronics 
, - - - - - - - - - - - - - - - - - - ,  
J I : H U G H E S : 
I J 
L _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  � 
H U G H E S  A I R C R A F T C O M P A N Y  

F U LLE R TO N  R & D  

An equal opportunity employer 

rapid gains by the harnessing of well
demonstrated technology, explain In
dia's reliance on planning. In this still 
developing art the planner learns to pro
ject the pattern of the growth of "final" 
demand arising from current consump
tion and investment and from the expend
itures of government. The goods and 
services required by the "indirect" de
mand of the productive sectors are also 
taken into account. Coupled with the 
consideration of saving on imports and 
promoting exports, this is  enough to give 
a good idea of the things to be produced. 
It turns out that fast development of in
dustry is  required, particularly in the 
metallurgical, fuel, machinery and 
chemical fields . After careful consulta
tion with state governments, the minis
tries of the central government and rep
resentative organizations and groups of 
the private sector, the targets of produc
tion are set .  The state is  directly respon
sible for providing the transport, power, 
major and medium irrigation and the 
training and research facilities needed to 
sustain the agricultural and industrial ex
pansion. Certain key branches of indus
try that are of a strategic nature, or that 
involve large but slow-yielding invest
ments, are also developed under the 
auspices of the public sector. This leaves 
a large and expanding field for the pri
vate sector to explore profitably. 

The development of agriculture and 
that of i ndustry act and react on each 
other; they are complementary and not 
competitive . Their requirements are dif
ferent and the scarce inputs they need 
are largely dissimilar. In agriculture and 
rural development the problem is pri
marily organizational. The organization
al task of persuading 70 mil l ion house
holds to function efficiently may well be 
the more difficult one, but it will not be 
rendered easier by curtailing the de
velopment of heavy industry. 

T aken as a whole, the accomplish-
- ments during the first and second 

five-year plans have been considerable. 
The national income has risen from 99 

billion rupees ( $2 1  billion ) in  1 950-

1951  to 142 billion rupees ( $30 billion ) 
in 1 960-196 1 ,  in constant prices of 1960-

196 1 .  In spite of an unexpectedly large 
population increase ( totaling SO m illion ) 
during the decade, income per person 
has risen by 19 per cent . Agricultural 
output increased by 37 per cent and that 
of industry by about 1 00 per cent . In
dustrial growth brought significant 
diversification and consolidation, par
ticularly in the basic metals, chemicals, 
fuel and machinery industries .  

In the sphere of education, health and 
other social services the achievement has 
been heartening. In 1961  nearly 34 mil
lion children in the age group of six to 
1 1 , some 60 per cent of the total in this 
group, were attending schools, compared 
with 19 million, or 43 per cent, in  1 95 1 .  

The number o f  students i n  h igher sec
ondary schools and universities has in
creased nearly two and a half times .  The 
expansion in techn ical education is even 
more striking . By 1960 there were 1 00 

engineering and technical colleges in  
India compared with 49 a decade earlier. 
The enrollment in engineering colleges 
and in institutions teaching agriculture 
and veterinary sciences has increased 
fourfold since 1950, and the number of 
engineers per million population has in
creased from 1 50 to 250. 

Significant  progress in the control of 
mass communicable diseases sllch as 
malaria, smallpox and cholera has 
brought a sharp reduction in death rate. 
The life expectancy of the average In
dian at birth is estimated to have in
creased by 10 years-from 32 in 1950 

to 42 in 1960.  A beginning has been 
m ade in establishing a nationwide sys
tem of health services ; the number of 
hospitals and di spensaries has increased 
by nearly 50 per cent and the number 
of hospital beds by one-third . A central 
feature of thc countrv's public health 
program is the promotion of family plan
ning, a topic on which the Indian people 
have evinced an altogether rational and 
receptive attitude . 

A new dynamism that can be sensed 
throughout the society strengthens In
dia's capacity for continued develop
ment . Valuable experience has been 
gained in the construction and operation 
of large and complex undertakings .  The 
rate of investment, on which the future 
so largely depends, has been stepped up 
from 5 per cent to 1 1  per cent; the abso
lute volume of investment has nearly 
tripled during the past decade . Industrial 
investment in the five years of the first 
plan was less than four billion rupees ;  it 
increased to 16  billion rupees during the 
second plan, the share of the private sec
tor rising from 3 .4  bil l ion rupees to S .5  

billion rupees . 'With the rapid expansion 
of domestic production of basic metals, 
chemicals and machinery the country 
has strengthened its capacity for accel
erated development based increasingly 
on its own resource . In the sphere of 
agriculture the enlargement of irrigation 
potential, the establishment of the Na
tional Extension Services and the Com
munity Development Program ( which 
now reaches more than half of the village 
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N o  wo n d e r  prog ress so often wears a "WG "-Western bra n d  
Since 1888, Western Gear has grown by keeping 
new irons in the fire. In the heat of progress our 
various divisions have been designed to serve 
almost every industry and science you can name. 
The word "gear" in our name now refers to more 
than 500 products. These products range from 
miniature motors, fans and blowers to power 
transmission drives, speed reducers and custom· 
built machinery. They include aircraft and mis-

sile components and systems a s  well as printing 
presses and deck machinery. In fact, it's hard 
to find an industry where Western Gear isn't. 
Isn't it likely that one of our seven divisions 
could be of special service to you ? It's easy to 
find out. Write for our Corporate Capabilities 
Bulletin 5900. Western Gear Corporation, Box 
182, Lynwood, California, area code 213 NEvada 
6-09 1 1 .  Or cable WESTGEAR, Lynwood, California. 

E v e r e t t , W a s h i n g t o n ;  B e l m o n t ,  L y n w o o d ,  P a s a d e n a ,  C a l i f o r n i a ; H o u s t o n ,  T e x a s . O f f i c e s  in p r i n c i p a l  c i t i e s  

G E A R  C O R P O R A T I O N  

- -
Systems Management Prec i s i o n  Prod ucts 

-
E l ectro Pro d u cts I n d u stri a l _. thwestern 

Grap h i c  Arts H eavy Mach i n ery 
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EARTH PROBE . 
The Lunar, Solar and Venus  probes have begun 

exploring safe interplanetary paths. Safe to the plan
ets . . .  and back again.  B ut what happens when a 
vehicle slams home i nto the earth's  atmosphere ? 
One way to find out : pack a capsule with instruments, 

. blast it  i nto s pace, and then drive i t  back into the 
earth's atmosphere at the ful l  speed of interplanetary 
return . In short : an earth probe. 

NASA c.onceived the plan, named it " Project Fire" 
and assigned Republic to prod uce two vehicles for 
the miss ion .  

Each Project Fire capsule-weighing 200 pounds 
-wi l l  carry a blunt heat-shield, heat-measuring de
vices, and telemetry equipment to speed the data to 

ground stations. Radar and optical tracking will also 
be used. Data on materials performance, radio sig
nal blackout and s urface ablation will be collected 
the only meaningful way : d uring an actual re-entry. 

We built  the two Project Fire capsules and did 
preliminary testing in our labs.  Designs and mate
rials were selected to s urvive short-duration gas cap 
tem peratures over 20,000° F and velocities above 
37,000 feet per seco nd.  The capsule above was photo
graphed during ablation tests in  our Re-entry Sim
ulation Lab. 

Project Fire will  pay off twice. First, when the 
capsule probes t he earth.  And then again, when a 
manned vehicle takes the hot ride home. 

R E P U B LI C  
A V I AT I O N  C O R P O R A T I O N  
FARM I N G DA L E .  L O N G  I S L A N D ,  N E W  Y O R K  
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population ) ,  the reconstitution of the 
village panchayats as organs of local self
government and the extension of co
operative credit constitute the major for
ward steps.  

1 n the third five-year plan ( 1961-1966 ) - now under way the principal objec
tive i s  to secure a rise in  national income 
by 30 per cent, the pattern of investment 
being designed to sustain this rate of 
growth in subsequent periods . Agricul
tural production is  to be i ncreased by 27 

per cent and developed in order to 
achieve self-sufficiency in food grains 
and substantial increases of other com
modities to meet the requirements of in
dustry and of exports to earn foreign 
exchange .  In the industrial sectors the 
third plan and the perspective looking 
beyond it  aim to secure sufficient in
creases in domestic production of steel , 
fuel ,  power, fertilizers and chemicals, 
m achinery and e<Juipment. An increase 
of industrial production by 70 per cent 
is envisioned, and the total investment 
of ] 04 billion rupees will be somewhat 
in excess of the aggregate investment 
during the preceding 10 years . 

A fifth of this investment must be 
financed out of foreign aid. This fifth is  
critically important as a counterbalance 
to  the deficit in foreign exchange and 
as a source of technical assistance, not 
merely as a supplement to domestic sav
ings .  Many countries of the world, re
gardless of ideology, have committed 
themselves to assisting India to make its 
plan a success .  

Last year, just as the mobilization for 
development had begun to strain the 
resources of the nation, a military danger 
of unprecedented character arose on the 
northern frontier. In response to the in
vasion from China, defense h ad to be 
given an overriding priority; a massive 
rise in taxation , aggregating 20 per cent, 
h ad to be put through to meet its costs .  
The diversion of effort has upset frugally 
calculated plans; manufacturing capaci
ties cannot be fully utilized; important 
work in scientific research is  impeded 
for want of small amounts of foreign ex
change and the price level has shown 
a disturbing tendency to rise . 

Nevertheless,  the goals of the third 
five-year plan are being vigorously pur
sued. The achievement of these goals 
i s  vital to the success of the fourth five
year plan, projected for completion in 
1 970-197 1 .  By that time the country is 
expected to be in possession of capacity 
for annual production of 1 9  million tons 
of in got steel, 250,000 tons of alumi
num, 2.5 mill ion tons of cement, about 

W H E N  YOU FOCUS  TH E N E W  AD M I C R D STAR 
Introducing the new AO Microstar® Microscope by American Optical. Its infinity
corrected optics and new focusing concept make it the most revolutionary new 

microscope of this century. The newly-designed infinity-corrected optics give field 
curvature, astigmatic and chromatic corrections never before obtainable except at 
a premium price. The image is crisply in focus and flat over the entire field of view. 
Photomicrographs are flat and sharply in focus from edge-to-edge and corner-to
corner of the print. The focusable obj ective 
means the body and stage can remain fixed and 
rigid. The nosepiece moves smoothly inside a 
protective arm housing on ball-bearing slideways. 

Virtually frictionless action brings new ease and 
precision to coarse adj ustment focusing. The 
only force exerted in focusing is the weight of 

the nosepiece assembly . . .  prevents damage to 
obj ectives, slides and even the thinnest of 
coversli ps. 

But there is much more to the AO Microstar 
story! Get all the information. Ask your AO Sales 
Representative for a demonstration, or write. 

® R egiJlered Trademark A m erican Optical Company, �. 
r - - - - - - - - - - - - - - - - - - -D-;p7" 'Uin. - - - - - - - - - - - - 1 
I Gentleme n :  I I . ® • 0 �OO��r��t�: �i���:�r;�!on of the new I 
I
I 

American � Optical 0 Please send me 24 page, full·color I 
C O M PA N Y  brochure. I I Name I I I N S T R U M E N T  D I V I S I ON, B U FFALO 1 5, N EW Y O R K  I I Address ------------

I 
L _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  �y_-_---...,,- Zone �� = J  

I N  CANADA write - P. O. Box 1 30,  Postal Station R .  Toronto 1 7 , Ontario 
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HIGH 
MAGNnlC 

FIELoG 

LARGE 
WORKING 
VOLUMEG 

FULL 
PROTECHON 

wifh 
AVCO 

SUPERCONOUCnNG 
MAGNETS 

A new booklet,  descr ibing 
the theory of superconduc
t ivity and how i t  may re late 
to your fi e l d ,  together with 
the story of superconductivity 
research at Aveo-Everett, is  
a v a i l a b l e  u p o n  r e q u e s t .  
Please address your  i n q u i ry 
to Section 2. A l l  correspond
ence receives the attention of 
techn i c a l  personne l .  

Shown is a magnet mod

u le  at the Avco-Everett 

R e s e a r c h  l a b o r a t o r y  

made u p  o f  three S C  500 
superconducting co i l s  just 

after their removal from 

a test dewar. This modu

lar  construction  permits 

e a s y  a r r a n g e m e n t  o f  

coi ls either i n  solenoid 

or Helmholtz pair  forms. 

This typical magnet has 

a 5 "  1 . 0 . ,  g e n e r a t e s  

3 3 , 0 0 0  g a u s s ,  s to res  

45 ,000  joules and  has  

been  operat ional  for 
over a year. 
Avco ' s  u n i q u e  w i n d i n g  

techniques make possible 

l ight weight magnets and 

geometries of special  de

sign . . . . .  

And Avco suppl ies 

the complete system. 

A d i v is ion  of  AVeO COR P .  
2385  Revere Beach Parkway 
Everett .4 9 ,  Massac h u setts 

Eng ineers & Scien tists. Excel lent  oppo rtu n i t ies exist in s u percon d u ctivity a t  Aveo- Everett. 
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$4 billion worth of machinery ( including 
transport equipment ) ,  1 70 million tons 
of coal, 24 million kilowatts of electric 
power, two million tons of nitrogenous 
fertilizers ( in terms of nitrogen ) ,  1 25 
million tons of food grains and 400 mil
lion tons of long-distance freight carried 
by railroads . Put alongside the figures 
for corresponding items in 1 950-steeI 
ingots 1 .4 million tons, aluminum 3,700 
tons,  cement 2 . 7  million tons, coal  33 
million tons, electricity 2.3 million kilo
watts of installed capacity, fertilizers 
9,000 tons of nitrogen , food grains 50 
million tons and long-distance freight 
carried bv railroads 92 million tons-it is 
easv to sl;ow the very large growth over 
20 years . Elevated to these levels of out
put, the economy will have substantially 
in creased its capacity for capital forma
tion and self-sustained growth . 

The long-term targets projected in the 
third plan are modest i n  relation to the 
needs of the people .  Even with the plan 
fully real izcd, pcr capita income in 1 975 
wi l l  still be no more than $ 1 10 ,  which is 
a t h ird of the Japanese per capita in
come now. This  underscores the urgencv 
of accclerating the pace of development . 
There are uncertain elements in the pic
ture. Agriculture is one of them ; i t  is not 
too easy to see how to make it respond 
fully to treatment.  Foreign exchange 
avai labi l ity i s  another. 

W i l l  foreign a id be avai lable at the 
right time-particularly in the pres

ent decade-and in  the required magni
tude? Can India hope to get the co
operation of friendly countries that will 
enable it to expand its exports? Will it  be 
possible to think in terms of long-term 
eomm itments for aid and trade so that 
the lon g-range strategy India has in mind 
can be carried through successfullv? 
These are questions to which India alone 
can not give an answer. They are obvi
ously important .  Without foreign aid 
India will still con tin ue to build its 
economv.  It will , however, be an uphill 
task, a,;d progress will be slow. 'With 
assurance of aid India will not relax its 
efforts and indced may find it possible 
to i n crease them. 

The next decade is  the crucial period . 
The strength and stability of this the 
most populous democracy in the world 
anel thc feasibility of economic and so
cial transformation within the demo
cratic framework are on test .  Those of 
us who share a conviction in  the humane 
values of an open society may hope that 
India's efforts will evoke the necessarv 
understanding and material support 
from thc international communitv. 
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Sigma's Cycionome® Stepping Motor-. 

An Uncomplicated Approach to Accurate Positioning, Counting, Converting 

From Sigma comes an electro
magnetic drive that delivers 
torque in precise 18° steps . . .  
· . .  up to 1 ,000 steps per second 
· . .  up to 5 inch-ounces of torque 
, . .  with no standby power to 

maintain high holding 
torque 

· . .  with only one moving part 
( no catches, ratchets, 
escapements ) 

· . .  with size as small as 1 cu . in. 

And req u i r i n g  only the s i m -
plest input circuitry. 

Engineers are already apply
i n g  the Cyclonome stepping 
motor in chart and tape drives, 
in analog-digital converting, in 
impulse counting, in step ser
vos, in remote positioning, in 
timing. 

If you position, count or con
vert, the Cyclonome stepping 
motor can benefit you. Our ap
plication engineers will be glad 
to work with you. Or perhaps 
you would first prefer to read 
more about the Sigma Cyclo
nome. If so, send for a copy of 
The Cyclonome Technical  
Bulletin. Write to  Dept. 1 1 . 

SIGM6. DIVISION $ SIGM..6. I NSTRUMENTS I NC 
- Assured Reliabil i ty With A dva nced Design/B ra i n t ree 85. Mass .  

What is a Stepping Motor ? 
A stepping motor is l ike a syn 
chronous motor in principle, ex
cept that i ts rotor does not revolve 
smoothly and continuously when 

the motor is energized. I nstead, 
on command from the input,  the 
rotor travels an incremental step, 
stops i nstantly and locks magnet
ically i n  position. When a signal 

of opposite polarity is applied, 
the rotor advances another pre
cise step , delivering torq ue i n  ex
act p roportion to and at the same 
rate as the input. 

2 0 7  
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The Development of Brazil 

Although Brazil I7UlSt still be classified as an u,nderde()eloped 

nation) it is the most ac/()anced of the nations in the Tropical 

Zone and it is well 011 its wa'y tOlvval'd se�f-sllstaining growth 

B
razil is undoubtedly the least 

known of the world's big coun
tries. To most non-Brazilians it 

comes as news that Brazil stands fifth 
in geographic extent, eighth in popula
tion and lIth in gross domestic product. 
Still more significant is the news that 
Brazil has begun its industrial revolu
tion. During the past 25 years the coun
try's essentially rural economy, special
izing in the production of a few tropical 
agricultural commodities for export, has 
been transformed into a recognizable 
industrial economy, with nearly half the 
population concentrated in urban areas, 
In this brief period, it appears, Brazilian 
industry has attained enough size and a 
sufficient degree of internal diversifica
tion to set the nation on the course of 
self-sustained economic growth. 

On the basis of annual income per 
capita Brazil must still be classified as 
an underdeveloped country. In 1962 this 
figure was eljuivalent to about $380, as 
measured in cruzeiros with an internal 
purchasing power comparable to that of 
the U.s, dollar at home, The figure is 
somewhat lower when one converts 
cruzeiros into dollars at the prevailing 
rate of exchange; it is about $186, But 
even the larger figure is only a seventh 
that of the U.S. and not much more than 
twice the average prevailing in other 
underdeveloped countries, Multiplied by 
a population of 77 million, however, 
$380 per annum generates an internal 
demand that is already supporting the 

STATE OF SAO PAULO, richest in Brazil, 

is shown in the aerial photograph on the 

opposite page, The small city of Salesopolis, 

an agricultural market place 50 miles east 

of the city of Siio Paulo, appears in the 

l'enter. Coffee, sugar, cotton, rice and 

tobacco are the leading agricultural prod· 

ucts of this fertile region of the country. 

b\' Celso Furtauo 

country's industrial development. During 
the past 15 years the distinguishing trend 
of the economy has been the progressive 
substitution of consumers' goods manu
factured within the country for products 
previously imported from the industrial
ly developed economies abroad. By 1960 
consumers' goods had fallen to 6.4 per 
cent of the total value of Brazilian im
ports; consumer expenditure for im
ported durable goods amounted to only 
.1 per cent of consumer income and the 
expenditure for imported nondurable 
goods to .5 per cent. 

A similar trend has become evident 
during this period in the importation of 
producers' goods and equipment. Al
though Brazil in 1961 depended on ex
ternal sources for significant portions of 
its demand for basic materials-steel, 
aluminum and heavy industrial chemi
cals and, to a greater degree, newsprint, 
fertilizer and fuels-the expenditure for 
imported materials absorbed less than 2 
per cent of aggregate current investment 
in that year. Brazil's own industrial sys
tem meets about 70 per cent of the coun
try's demand for industrial eljuipment, 
particularly for heavy electrical ma
chinery, machine tools and oil-country 
gear. The principal role of imports in the 
economy has become the transmission of 
the more advanced technology available 
in North America and Europe. 

rJ�hat Brazil now verges on self-sus-
tained development is evidenced by 

the fact that internal economic activity 
no longer depends on the volume of the 
country's exports and the prices they 
bring in the world market. Even in the 
recent period of decline in exports and 
commodity prices the demand of the in
ternal market has attracted investments 
at a rate adequate to maintain the 
growth of the economy. 

To rank Brazil in the list of nations ac-

cording to per capita income is to 
conceal at once the substantial develop
ment already achieved and the poverty 
and backwardness that remain to be 
cured. In the verdant and strongly indus
trialized savanna and plateau country of 
the south, Brazil is on the annual-income
per-capita basis very nearly a "$1,000 
nation," to use the vivid terminology of 
P. M. S. Blackett, the British physicist 
and student of economic development. 
On the range and in the dry-fanning 
country of its drought-afflicted north
eastern interior, however, Brazil is still 
not far from being a "$100 nation." The 
Amazon basin, which embraces fully 
half of the geographic domain but only 
4 per cent of the population, presents still 
another stage of development, or lack of 
it: a great wilderness frontier awaiting a 
full assay of its resources, occupied here 
and there by some of the few remaining 
truly aboriginal peoples of the 'AT estern 
Hemisphere. It is not only the great size 
of Brazil that explains these disparities 
but also the vagaries of the history of the 
country since it came under European 
conljuest and occupation more than 400 
years ago. 

The land of Brazil was the first in the 
New "Vorld to yield an agricultural com
modity for export to the Old. At a time 
when only the mining of precious metals 
brought adventurers and settlers across 
the Atlantic, the Portuguese established 
sugar plantations on the hot and humid 
seaboard of the continent south of the 
Amazon delta. The sugar production of 
the islands of the Atlantic-the Cape 
Verdes and the Madeiras-had already 
established a market in Europe and had 
given the Portuguese a head start in the 
arts of tropical agriculture. A century 
before the settlement of New England 
by the English the Brazilian plantations 
were on the way to achieving a monopo
ly over sugar as a commodity in inter-
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national trade and the principal agricul- I 
tural commodity carried on the high 
seas. For two centuries the sugar indus
try-occupying the narrow strip of suit
able land that reaches no more than 60 
miles inshore and runs from the present 
state of Rio Grande do Norte southward 
1,500 miles to the state of Parana-pro
vided the economic base for the occupa
tion of Brazil. This economy rested from 
the outset on the labor of slaves imported 
mainly from Africa. 

A few score of miles inland from the 
ocean a sharp climatic change reduces 
the annual rainfall to less than 20 inches 
and the rocky soil quickly loses the rain 
that falls. This is the Brazilian Nordeste 
(Northeast), currently the country's 
most depressed region. The settlement of 
the Nordeste during the 16th and 17th 
centuries was occasioned mainly by the 
raising of cattle to supply draft beasts 
for the sugar plantations and mills. As 
time passed the region also entered 
world trade with the production and ex
port of leather. The slave labor for this 
industry was recruited largely from the 
native Indian population. 

To the New World, Portugal exported 
- its feudal institutions. The land was 

deeded by the crown under donatarios to 
noblemen or others ennobled for the oc
casion; this gentry brought foremen, 
herdsmen, artisans and laborers from the 
home country, but without women. The 
consequent intermingling of Portuguese 
with Indian and Negro blood has left 
its ethnic impression en modern Brazil: 
nearly half of the population is mestizo 
or mulatto and the people know no color 
line today. 

In the 17th century, as a result of the 
annexation of Portugal to Spain (from 
1580 to 1640) and the war between 
Spain and the Netherlands, the Brazilian 
sugar region came under the domination 
of the Dutch, who controlled the refin
ing and marketing of sugar in Europe. 
After a quarter-century, in 1654, the 
Dutch were at last expelled from BraziL 
Having meanwhile mastered the tech
nology of sugar production, they pro-

BRAZIL is the fifth largest country in the 

world; its size in relation to South America 

;s shown in the inset map at left center on 

the opposite page. Although it is politically 

divided into 20 states, economic planners 

generally partition Brazil into five climatic 

I and topographic regions, also shown on the 

inset and on the large map at top. Popula· 

tion density is depicted in the map at bottom 

left, mineral resources and agricultural 

products are in the map at bottom right. 

.----------� --I I
I Public Service I 

Electric and Gas Company I I Box ASA, 80 Park Place I I Newark 1, New Jersey I I Please send my copy of "NEW JERSEY-LAND OF I I AMAZING INDUSTRIAL ADVANTAGES" I I I I Name . . . .. . . . . .. .. .. ... . I I Address .. . .... . ... . . ... . . . . I 
I City ........ . . . . . . . . .. State . . . .... I 
I SEND THIS COUPON TODA Y I ._-------------------

JUST ANOTHER COUPON? Hardly. Not when it helped 
influence a chemical firm to move from Texas to New 
Jersey . . . a metal coating firm from California . . . a 
research laboratory from Philadelphia ... a movie equip
ment manufacturer from New York ... numerous others. 
Try it. Return the coupon. Find out more information, 
about New Jersey's huge deep-water ports, its massive 
highway system, skilled labor supply, over 650 research 
laboratories. Learn why 46 of the nation's 50 largest in
dustrial corporations have operations in the state. Learn 
why you, your family and your employees will be happy 
here with more things to do and more places to go. This 
newly reprinted 44-page illustrated booklet titled, "New 
Jersey - Land of Amazing Industrial Advantages" will 
be sent to you without obligating you in any way. 

PUBLIC SERVICE ELECTRIC AND GAS COMPANY 
Taxpaying Servant of a Great State 

..... 
1664 ·1964 

NEW JERSEY 
TERCENTENARY 
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ceeded to establish a competing planta
tion system in the "Vest Indies, thereby 
liquidating the Brazilian sugar monopo
ly. Brazil now entered a long period of 
economic decline that ended in the 
first decade of the 1 8th centurv with tbe 
discovery of gold in the plate�u region. 

Througbout the 1 8th century Brazil
ian economic history was dominated bv 
the expansion of gold mining and also of 
diamond mining. Brazil became, in fact, 
the main source of gold for the European 
economy during the period of fast de
velopment that culminated in the indus
trial revolution in England and later on 
the continent of Europe. The territory 
of the present states of Minas Gerais, 
Rio de Janeiro and Sao Paulo were set
tled at this time by Europeans whose 
numbers began to offset the preponder
ance of African stock along the coast to 
the north. 

The production of gold and diamonds 
declined in the last decades of the 1 8th 
century with the onset of the ultimate 
contest between England and France, 
signaled in North America by the French 
and Indian War and thc American Revo
lution and followed in Europe by the 
French Revolution and the Napoleonic 
Wars. The economic life of Brazil en
tered on a new course. The European 
settlements of the states of the south
central region, particularly in Sao Paulo, 
proceeded to develop a classical colonial 
export agriculture. Their position was 
consolidated in the middle of the 1 9th 
century, when coffee became a major 
commodity in intcrnational trade. Dur
ing the last quarter of the century the 
coffee economy attracted a new How of 
emigration from Europe to Brazil and 
made Sao Paulo the most densely popu
lated region of the country. 

The arrival of thc automobile in the 
first decades of the present century 
brought the rain forests of the Amazon 
region into temporary prominence in the 
world economy. Brazilian plantations of 
the rubber tree H evea brasiliensis were 
ruined by blight, however, and soon lost 
their markets to blight-free cultivation 
of the tree in the East Indies. The cof
fee economy of the country meanwhile 
also began to show symptoms of crisis. 
Successive periods of surplus produc
tion brought government intervention 

ECONOMIC INDICES for Brazil can be 

"ompared with those for Nigeria (page 
174), India (page 192) and the U.S. South 

(page 228). National income shown in chart 

at to}) is based on conversion from cruzeiros 

with an internal purchasing power compa· 

rable to that of the U.S. dollar at home. 
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the flexible 
component in 

a technology 
of change ... 

• If you're looking fQr a good illus
tration of the word "flexibility," come 
to us. \Ve have heen known, on a few 
hours' notice, to revise manufacturing 
specifications, equipment, and procedure 
in the making of a specialty paper. 

• This is one of the ways our clients 
benefit from our role as an exclusive 
developer of technical and industrial 
specialty papers. Each assignment can 
be individually handled and geared to 
to day's rapid technological development. 

• Let us do some thinking along 
with you. You'll find us richly versed in 
the papermaking field, ready to help 
solve "impossible" problems, not just on 
paper, but in paper. 

• There is great excitement in paper 
and its potentials. vVe invite you to share 
our sense of that excitement, and to 
learn more about the remarkable ways 
paper can work for 
you: send for your 
free copy of our 
"Creative Imagi
nation" booklet. 
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aimed at stabilizing the price by large
scale stockpiling. These oscillations 
reached their climax in the 1 930's, when 
the Brazilian government, under the 
strong-handed administration of Get{llio 
Vargas, adopted the policy of deliberate 
destruction of coffee surpluses. 

rr hus thl�
.
ughout the four centUl:ies 

- from 1 030 to 1 930 the Brazilian 
economy depended on external demand 
to provide tbe stimulus for its growth. 
Three long-period cycles left their mark 
on the country's development: Rrst, the 
impulse from sugar exports from 1 530 
to 1 650; second, the dvnamic impetus of 
gold from 1 700 to 1780; third, the ex
pansion of the world market for coffee 
from 1 840 to 1 930. The intervening 
periods of relative economic stagnation 
were marked by important political 
events. During the Rrst of these periods, 
from 1 650 to 1 700, there began the 
great move for territorial expansion that 
carried the Brazilian borders far beyond 
the limits of the Treaty of Tordesillas, 
arranged bv the Pope in 1 493, which 
divided the world beyond the seas be
tween Portugal and Spain. The second 
period, between 1780 and 1840, ush
ered in the independence of Brazil as a 
sovereign nation. Brazil became the seat 
of the Portuguese empire in 1 807, when 
Dom .Toao VI fled the Napoleonic con
quest to set up his capital Rrst in Bahia 
and then in Rio de Janeiro. His son Dom 
Pedro, whom he al�pointed regent upon 
bis return to Lisbon in 1 821 , became 
entrained in the movement toward inde
pendence and was proclaimed emperor 
of Brazil on December 1, 1 822. During 
the long reign of Dom Pedro II, who was 
installed as regent at the age of five 
in 1 831 , was crowned emperor in 1 840 
and was forced into abdication and exile 
in 1889, the absolutist heritage of the 
Portuguese monarchv gave way to par
liamentarv institutions. Brazil became a 
constitutional republic in 1891 , with a 
constitution modeled closelv on that of 
the U.S. and a federal govel'l�ment strong 
enough to keep its vast territorv united 
in a single state. 

. 

The discontinuities of this chronicle 
of development hold the explanation of 
the present extreme disparities of mate
rial existence in the country's various 
regions. Until very recent times develop
ment has gone forward in one region and 
then another without relation to condi
tions in the other regions or to the life 
of the nation as a whole. In regions and 
periods gripped by stagnation or decline 
the people managed to survive by de
veloping one or another kind of local 
subsistence economv without anv self-

sustaining impulse for growth. Where 
growth occUlTed it was based on the ex
ploitation of resources in response to 
external demand. 

This period in the economic history 
of Brazil came to an end in the world
wide economic crisis of 1 929. The col
lapse of export-commodity prices cut 
the nation's import-purchasing power 
abruptly in half. Throughout the long 
depression' of the 1930's the power of 
the federal government expanded as the 
coffee planters became increasingly de
pendent on the protections it could pro
vide. The coffee plant is a perennial and 
its yield cannot be turned on and off 
from season to season in response to the 
market. In order to avoid disaster in this 
sector the Brazilian government main
tained the price to the coffeegrower by 
buying the unmarketable coffee-and 
burning it. Over the 1 0-year period 80 
million bags of coffee were burned. 

At current prices the coffee thus de
stroved would amount to $3.2 billion, or 
about a third of the net investment made 
in the country during the coffee-burning 
period. The government's action there
fore had the effect of a daring compensa
tory (or "deRcit-Rnancing") policy; it 
maintained domestic purchasing power 
and facilitated the transition of tbe Bra
zilian economv toward freedom from 
its historic del;endence on external de
mand. Although the policy also generat
ed serious inRationary pressures, the 
maintenance of internal demand brought 
the Brazilian economy into the world 
market on favorable terms as an im
porter in view of the depression of 
prices, particularly the prices of used 
machinery and secondhand efluipment. 
There began, therefore, a new phase in 
the development of Brazil, a phase based 
on internal demand. It was in this period 
that tbe trend toward the replacement 
of imports of consumers' goods by goods 
of local manufacture Rrst asserted itself. 

1 nvestment funds formerly channeled 
- to the production of coffee and other 
export products now Rowed to the manu
facturing of goods that had traditional
ly been imported. These investments not 
only amplified consumer purchasing 
power and hence the demand for such 
goods but also curtailed the supply of 
these goods from abroad by diverting 
available import funds to the purchase 
of intermediate materials and capital 
equipment used in manufacturing. The 
substitution of domestically manufac
tured goods for imported goods thus 
tended to be self-regenerating. There 
was no slackening of imports, because 
the new industries exerted such a strong 
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Narrowband stripline doubler has produced 3 watts 
of output power at 4 Gc. 

NIicrowave Harmonic Multiplication: 

vVatts of Power Output, Potential Bandwidths of 40 Percent 

Improvements in variable capaci
tance diodes have made possible the 
frequency conversion of microwave 
power in an efficient, reliable manner 
by harmonic multiplication. At 
Bendix, advanced microwave tech
nology has been combined with semi
conductor research to achieve 6 watts 
of CW output power at 2 Gc and 3 
watts output at 4 Gc. 

A recent analytical approach makes 
possible the design of efficient micro
wave multipliers having bandwidths 
in excess of 20%. An exact modern 
synthesis procedure for distributed 
circuits has been developed to solve 
microwave network problems hereto
fore unapproachable. These include 
filter designs requiring specified trans
fer and input frequency character
istics, exactly matched frequency 
distribution multiplex filters, and 
bandpass filters having extremely 
high spurious rejection bandwidth 
ratios of 15: 1. The method as applied 
to wideband harmonic multiplication 
eliminates reactive loading on the 
diode due to input and output filters. 

Currently, diode research is being 
conducted on advanced mesa geomet
ries and other methods of increased 
power handling, and on doping and 
novel epitaxial techniques to enhance 
frequency cutoff (fco). Epitaxial-dif
fused diodes have been developed for 
"'Patent Pending 

Ultraminiature variable capacitance diode 
with increased power handling ability and 
performance independent of orientationa 

high power applications with 10 mil 
junction diameters, breakdown of 
over 100 vol ts and fco in excess of 150 
Gc. This means efficient power con
version. Heat generated within the 
diode is conveyed from the junction by 
a unique pressure contact*. The diode 
pill package is mounted on a large 
microwave ground plane to provide 
good heat sinking. Further improve
ments enable doubler efficiencies in 
excess of 50% from 5-10Gc to produce 
output power greater than 2 watts. 

The new theoretical approach, in
corporating functionally designed 
diodes, enables wideband efficient 
doubling, never before accomplished; 
and with watts of power. Potential 
applications stimulate the imagina-

Research Laboratories Division 

tion: large channel capacity com
munication sources u s i n g  h i gh 
deviation FM, frequency hopping 
anti-jam and local oscillator systems, 
frequency multiplex applications, 
ECM systems, laboratory UHF and 
microwave power sources, and count
less more where reliability is impor
tant and the system design is awaiting 
the technology. 

Bendix Research embraces a wide 
range of technology including acous
tics, nuclear, solid state physics, 
quantum electronics, mass spectro
metry, photoelectronics, electron 
beam and tube technology, measure
ment science, applied mechanics, 
energy conversion systems, dynamic 
controls, systems analysis and com
putation, navigation and guidance, 
microwaves, digital techniques, data 
processing and control systems. Moti
vation: to develop new techniques 
and hardware for The Bendix Corpo
ration to produce new and better 
products and complete, integrated, 
advanced systems for aerospace, de
fense, industrial, aviation, and auto
motive applications. Inquiries are 
invited. We also invite engineers and 
scientists to discuss career position 
opportunities with us. An equal 
opportunity employer. Write Direc
tor, Bendix Research Laboratories 
Division, Southfield, Michigan. 

T�JJcf!/ 
COR P 0 RAT ION 

WHERE IDEAS 
UNLOCK 
THE FUTURE 
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how to 
pedal 
a 
re-cycle 
If you're going around in circles because 
process gases pick up contaminants 
every time they go through the cycle, 
give activated charcoal a whirl. Applica· 
ble to all types of processes, activated 
charcoal filter beds purify easily and 
economically; can be used alone or as 
the last stage on a tough train. It's a 
good way to straighten out an irregular 
re·cycle circle. 

don't � 
stew JJ \.4 
in stir 
If you're handcuffed to an impure hydro· 
chloric acid problem don't stew, stir with 
granular activated charcoal (fixed beds 
work equally well). It purifies either 
vapor phase or aqueous hydrochloric 
acid for profitable sale or re·use. Don't 
be a prisoner to organic impurities. Try 
activated charcoal. It's captivating. 

how to 
foil 
the oil 
Villain in the compressed air story is 
Oily Vapors (his·s·s!), but your hero can 
be Activated Charcoal (hurrah!). Wheth· 
er tackling oil vapor or mist, activated 
charcoal always wins; adsorbs concen· 
trations as small as one part per billion. 
Compressed air always reaches t h e  
scene -clean -with a major onstage 
assist from activated charcoal. 

activated 
charcoal 
Activated charcoal acts as a molecular 
sponge, purifies air, gases and liquids, 
recovers solvents, catalyzes, removes 

odors and impurities. Write for Literature 
Group 62·8A. Barnebey·Cheney, Colum· 
bus 19, Ohio. 

Barnebey 
Cheney 
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demand for intermediate materials and 
capital equipment. 

Demand in these sectors of the import 
trade has continued to grow ever since. 
This has weighted the balance of trade 
and of payments against the Brazilian 
economy, which is only too well known 
for its tendency toward external indebt
edness. From necessarilv slow begin
nings in the coffee-burning period, how
ever, the tempo of development has 
been stepped up until the present. The 
rate of increase in the gross national 
product averaged 5.8 per cent over the 
period from 1 947 to 1961. Even after 
discount for the high rate of population 
growth this has yielded a net improve
ment of 3 per cent per annum in income 
per capita. During the most recent five
veal' period the rate of increase in the 
gross domestic product has averaged 
7 per cent-a figure compounded of a 
4.8 per cent increase in agricultural pro
duction and a most impressive 12. 7  per 
cent increase in industrial output. 

Since the production of consumers' 
goods has been increasing at a rate 
identical with that of the gross domestic 
product, the driving impulse for growth 
must necessarilv have been supplied bv 
the rapid expansion of the capital-goods 
industries. The 1 955-196 1 figures for 
these industries support the inference: 
a 100 per cent increase in steel produc
tion (to 2.5 million ingot tons) ; a 125 
per cent increase in the output of the 
machine-building industries; a 380 per 
cent increase in electrical and communi
cation equipment, and a 600 per cent 
increase in transport equipment. 

The 4.6 per cent increase in agricul
tural production maintained over the 
past 15 years is a creditable figure, and 
it has mounted to 4.8 per cent in the 
past five years. Nonetheless the gain has 
been largely offset by the growth of the 
population and still more bv urbaniza
tion and the attendant increase in de
mand for a marketable surplus. Relative
ly speaking, the supply of agricultural 
goods bas become smaller. Agricultural 
prices have consequently risen about 50 
per cent faster than industrial prices in 
the course of the persistent inflation that 
has attended economic growth. 

Bearing in mind that the process of 
substituting consumers' goods produced 
at home for imported goods had been 
largelv completed bv 1 957, the con
tinued growth of the industrial sectors 
of the countrv is evidence of fundamen
tal change i� the structure of the econ
omy as a whole. A typical agricultural 
economv is plainly undergOing transfor
mation into an urbanized industrial econ· 
omy. The decline in the ratio of foreign 

trade to gross national product is one of 
the key indices. It is a measure of 
Brazil's increasing independence of its 
former semicolonial economic ties. The 
outlays for intermediate materials and 
fuels now make up the bulk of the import 
bill. They have been increasing each 
vear, however, at a rate almost equal to 
that of the gross domestic product. These 
outlays constitute a measure of the 
advance still required to make the coun
try's growth self-sustaining. 

T here . is no doubt that Brazil's vast 
. territor\' holds resources ample for 

its future development, even though 
these resources still remain largely un
catalogued. The scanty knowledge of 
these resources is in itself, of course, a 
symptom of underdevelopment. From 
what is known, however, it is clear that 
available technology-largely developed 
in regions of temperate climate and for 
the combination of resources found in 
the Northern Hemisphere-is by no 
means readily adaptable to the Brazilian 
tropics and to the countrv's peculiar as
sortment of resources. The immense for
ests of the Amazon basin, for example, 
await development bv a technology that 
is still only incipient; Brazil meanwhile 
imports more than 20 per cent of its 
wood pulp and 70 per cent of its news
print requirements. Similarly, extensive 
acreages of soil with good physical char
acteristics and adequate water lie idle 
for lack of an agricultural technique 
appropriate to them. Particularly cruel 
is the situation in the poverty-ridden 
Nordeste, where some six million acres 
of such soils go uncultivated. 

Preliminarv survevs show that more 
than lOO million acres of potentiallv 
arable hmd-twice tbe acreage now 
farmed-lie open to future exploitation. 
Of these lands only a fraction will re
(luire irrigation. To this abundance of 
land must be ascribed the fact that agri
cultural development in Brazil is still 
predominantlv extensive, that is, by out
ward movement of the agricultural fron
tier. Of the 57 per cent increase in out
put achieved in the past decade, more 
than four-fifths must be attributed to an 
increase in the area under cultivation 
and less than one-fifth to the improve
ment in vield per acre, which, as Nevin 
S. Scrimshaw demonstrates in his article 
"Food" [page 72), is the true frontier of 
agriculture. 

Survevs of Brazilian mineral resources, 
still far- from complete, indicate the 
country's immense industrial potential. 
Iron ores already prospected amount to 
more than 10 billion tons and those in· 
ferred come to nearly 10 billion more, 
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· .. to count a little 
Bremsstrahlung ... 

When electrons impact against the skin of an orbiting satellite, a 

shower of radiation known as Bremsstrahlung is loosed inside the 

skin. By laboratory measurement of such showers of energy, scien· 

tists can determine the effect of the radiation belts through which 

the satellite is passing - important information for America's man· 

in·space program. 

Using their Van de Graaff accelerator, scientists at the lTV Research 

Center have produced a homogeneous beam of electrons which repro· 

duces an important facet of the environment of a radiation belt in 

space. Working closely with Dr. James Van Allen, they have used this 

beam to calibrate detectors now in orbit, permitting the satellite 

signals to be evaluated. This important company·funded project is 

similar to the work performed by lTV in establishing the calibration 

of the radiation detectors on other NASA projects including the 

Mercury capsules. 

In meeting this exacting challenge, lTV again demonstrates the engi· 

neering ingenuity and scientific versatility which have won it a 

position of leadership in America's space and electronic industries. 

LTV Research Center, ling·Temco·Vought, Inc., P. O. Box 5003, 

Dallas 22, Texas. 

I... .,. �ADERSHIP THROUGH VERSATILITY 
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This beautiful instrument is the result of sixteen 
years of single-minded devotion to the idea of 
creating the finest and most versatile small tele
scope in the world . 

Questar is the successor to the old-fashioned 
single-purpose telescope. No telescope since 
Galileo so frees you from the fetters of tradition 
in so many ways. Gone are the great long tubes, 
the heavy mountings and the counterweights of 
1 8th century instruments. No longer need you 
assemble, from coffin-like wooden chests, a 7-
foot contraption that trembles at your every 
touch and requires that you observe from several 
acrobatic postures. This little fellow weighs but 
7 pounds, its case but 4 pounds more. It  is the 
one you should consider owning, because it is 
the one you can take with you, the one you will 
use and most frequently enjoy. 

The secret of this delightful portability is the 
stubby 8-inch barrel into which 4 to 50 feet of 
effective focal length are optically folde d .  
Questar's superfine optical system represents 
the first basic discovery in telescope optics in 
200 years. 

Questar is not one instrument, but five. Superb 
for terrestrial viewing, it will reach out and bring 
the world to you with simple ease and conveni
ence, its great power under fingertip control.  It 
will read this page at 1 00 yards, resolve leaf 
sterns a mile away, and bring to your delighted 
eyes a host of distant things you did not know 
were there. With Questar you sit in the center of 
a circle 2 miles in diameter, where nothing seems 
to be more than 33 feet away-the distant bird 
almost within your grasp.  

But Questar, too, is something wholly new
the first long-distance microscope. Incredibly 
enough, its great magnifying powers may be 
focused on thingg but 10 feet from it, indoors or 
out. A whole new world awaits your exploration, 
where ants are big as horses. 

For celestial use, Questar's convertible table
top mounting assumes the full polar equatorial 
form. I t  has every refinement of large observa
tory instruments : continuous 360· slow motions, 
electric drive, circles, sidereal clock, clamp, and 
safety clutches .  Its deep blue sapphire-plated 
perpetual star chart has 340 principal stars upon 
its grid, and rotates with the seasons. It  pulls 
forward to become a dewcap, revealing a large 
moon map engraved upon the barrel sheath. 
Built-in power changes and a wide-field finder 
view are yours at finger flick-you need not even 
move your head. The eyepiece is  inclinable to 
save your neck, while the total comfort of your 
seated observing position will surely spoil you 
for all other telescopes. 

By day your Q uestar becomes the safest of all 
solar observatories, using the patented Questar 
sun filter that keeps the sun's injurious light and 
heat where they belong, outside the instrument. 

Finally, Questar's magnificent resolution may 
be utilized for taking pictures at basic focal 
lengths of 49 and 56 inches, using 3 5-mm. single
lens reflex focal-plane-shuttered camera bodies 
axially mounted. You simply flip a small lever 
and adjust focus to change from eyepiece to 
ground glass viewing. 

A recent unbiased report says : " Questar is one 
0/ the most desirable photographic instruments 
e ver handled. However, i ts small size and light 
weight may deceive many prospective purchasers 
into thinking it can be handled like any 135- to 
400-mm. lens. It cannot be. By the nature 0/ its 
tremendous/ocal length, tiny size and light weight, 
the utmost precision and care must be taken to get 
good pictures. When the Questar doesn't deliver 
good results, it's YOll, YOllr camera or your tech· 
nique that's at fault. " 

Turning Q uestar's great powers upon the 
world lets you see the trembling air that must be 
o utwitted for very long distance shots. Under
standing nature's requirements is the real task 
and challenge to your skill. 

We believe Questar to be the world's sharpest 
lens system for its 3 . 5-inch aperture, which 
should resolve 1 .4 and 1 . 3  seconds of arc at best 
by the classical Rayleigh and Dawes criteria. But 
by the time we are through testing and rejecting 
(and the final test is on the stars at night) those 
Q uestars that survive are little jewels, each one 
a triumph of the personal artistry of an optician 
who has trained himself to make un measurably 
fine aspherically figured optics. And each sur
vivor must resolve to better than I second. In 
1 9 6 1  a standard Questar resolved a pair of 
double stars only 0 .6  second apart, and during 
that year we voluntarily rejected 1 68 finished 
Questars to deliver 326. Most o f  the rejects 
would have passed the Dawes test. But we 
worked their o ptics over and over until they 
either did far better or became too thin and 
were scrapped. 

This would be a mighty poor way to run a rail
road, but it is the only way we know to make 
Questars, with skill and sweat and patience with
out end. It  may explain why Questar stands 
alone, for no one else seems to attempt the super
fine high-power compound telescope. 

Questar is made and shipped by mail to all 
parts of the world from this address, at one net 
factory wholesale price to all. We are sorry, but 
no dealer inquiries can be answered, for there 
are no dealers, and no sales commissions. Prices 
start at $995 .00. Please write for the famous 
Questar 32-page illustrated booklet. Star-tested 
instruments are usually in stock for i mmediate 
delivery. Our phone number is 2 1 5-862-2866, 
and you can call us Mondays through Fridays. 

Q U IE 5) 1rA� 
BOX 20, NEW HOPE, PENNSYLVANIA 

Q U E S T A R S  M A Y  E N T E R  T H E  U N I T E D  K I N G D O M  D U TY.F R E E .  D ET A I LS OF P R O C E D U R iE:  ON R EQ U E S T ,  

2 1 8  

altogether constituting two-thirds of 
Latin-American reserves and 20 per cent 
of the world's known deposits. Reserves 
indicated by geology but still unsur
veyed may be larger still. Known de
posits of manganese total 60 million tons 
of high-grade ore, and nearly 200 mil
lion tons of bauxite have been pros
pected. Nickel and tin are relatively 
abundant, but copper, lead and zinc ap
pear to be less so. 

The principal obstacle to the exploita
tion of Brazil's huge iron resources is 
the lack of coking coal. This is an ac
cident of geological history common 
to the underdeveloped nations of the 
Southern Hemisphere and serves as the 
prime example of the need for the de
velopment of an indigenous tcchnology. 
In this case it is the need for a tech
nique to accomplish the primarv reduc
tion of the ores bv means other than the 
blast furnace, s� well adaptcd to tbe 
concurrent abundance of coal and iron 
in the Northern Hemisphere. 

Also in common with other Southern 
Hemisphere countries, Brazil has com
parativelv thin energy resources. Coal re
serves are estimated at about two billion 
tons, a not very impressive figure by 
North American standards, and the coal 
is low in (luality. The first substantial oil 
deposits have only recently been drilled; 
although proved reserves are expanding 
rapidly, they amount to a mere six-year 
supply at the present rate of consump
tion. 'Vater power promises to yield no 
more than 30 million kilowatts, of which 
less than five million has been developed. 
Until technology brings in economically 
sound alternatives Brazil must remain an 
importer of fuels. 

;\lthough the mar.ket .economy h'�s fur
il nished the chIef Impetus to JI1dus
trialization so far, it is becoming clear 
that maintenance of the present rate of 
growth will require increasing initiative 
in the public sector. Through the work 
of a cen"tral agency under the office of 
tbe President co-ordinating a system of 
decentralized planning, Brazil now has 
a three-year plan and the federal gov
ernment is setting priorities in invcst
ment policy. The removal of the seat of 
the government to the nation's new capi
tal in the frontier town of Brasilia has 
played more than a symbolic role in di
recting the energies of thc nation in
ward to the wealth of its interior. 

Inevitably development has height
ened the tensions between the emerging 
nation and the social institutions and 
power system that persists from feudal 
times. As recently as three decades ago 
the big landowners were the ruling class 
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H ow to get sma l l ,  precise com po ne nts 
i n  g lass ,  i n  q u a ntity ,  i nexpe ns ively 

You c a n  s e e  a f e w  samples o n  
th is  page. We mass-produce 
each piece to customer speci
fications.  

Depending on your  design, 
we'll press, mold, or extrude 
intricate shapes to tol erances 
t ighter than a contro l l er's fist 
-such as .008" on curvatures, 
and .008- .0  I 0" on d i a m eters. 

''''e can go as l i tt le  as 3 Y, 
grams. Or as big as I y, tons. 

Your costs will stay down 
for two reasons. The first i s  
the sheer economy of  mass  
product ion.  The second i s  that  
many of the intr icate compo
nents we make require no 
further finishing after they pop 
ou� of  the mold. That is  tes
ti mony to the precision of  our 
machi nery. 

You ' l l  find you get a l l  the 
q u a l i ty i n  a mass-produced 
com ponent that you'd expect 

\'/e pump these out by the 
t :l 0 usand because customers 
blow them up deep down in
side sluggish oil wells. Pre
cision is important because 
t h e y ' re designed to hold 

i n  a costly, hand-crafted piece .  
Many of the i t e m s  on th is  
page are made of  optical -grade 
g l a s s .  O t h e r s  a r e  m a d e  o f  
good old Code No.  7 740 boro
s i l i cate glass.  

We regularly melt hundreds 
of  other glass composi tions to 
provide the exact balance of 
therma l ,  chemical ,  phys ical ,  
opt ical ,  and e lectr ical  proper
ties a component may require.  

Try us next t ime you need 
com ponents in vol ume with 
the unique property advan
tages of  glass, in an unusual 
sha pe, and at  an attractive 
p r i c e .  D e t a i l s  and r o u g h  
sketches i n  your first l etter wil l  
help us hel p you more q u i ckly.  
The l etter should be a ddressed 
to Technical  Products Divi
sion, Corning Glass Works, 
4909 Crystal S t . ,  Corni ng, N .  Y. 

shaped cha rges. Glass is im
portant because it turns to 
powder when the charge lets 
go, doesn't clog up pumps as 
metal casings might. 

A b u l l et i n  
o f  p ract i c a l  

n e w  i d eas fro m 
CORNING 

These a re upside down. We 
call them flares and they be
come the bases for electronic 
tubes. They're a volume item 

C ustomer experts grind and 
polish these optical-glass seg· 

Potpourri of precIsion in vol· 
ume-clockwise from bottom 
left: remelted, this button be· 
comes the white glass behind 
the mercury in your fever 
thermometer ;  squa re f a ce 
plate for a gas or electric 
meter; gauge glass; light lens 
for sewing machine; top find
er for camera ; lens for re
cessed airport- runway light, 
and a 28mm face plate. 

because radio and television 
sets ta ke a lot of tubes, glass 
because of its remarkable 
electrical characteristics. 

ments and turn them into 
bifocal eyeglass lenses. 

CORNI NG 
C O R N I N G  G LA S S  WO R KS 

2 1 9  
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Norr is  Dam near  Knoxvi l l e ,  f i rst dam in the 
TVA system, known throughout the wor ld .  

Bu lk  S h i e l d ing Reactor and  Pool Cr i t ica l  
Asse mbly  at  Oak R i dge Nat iona l  Laboratory. 

Propu ls ion  Wind Tunne l  and other fac i l i t ies  
at Arno ld  Engi neer ing Deve lopment Center .  

N ight  v iew of a Text i l e  F ibers p lant ,  one of 
e ight major DuPont p lants now i n  Tennessee.  
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SOUTH 'S 
LARGEST SOURCE 

OF WATER 
AND 

ELECTRIC POWER 

T E N N E S S E E  
I n d u s t ry a n d  R e s e a r c h  a r e 

harnessing these advantages 

t o  p r o d u c e  A t o m i c  E n e rg y ,  

o p e r a t e  W i n d  T u n n e l s ,  a n d  

create huge Chemica l complex 

Abundant water supp l ies  and low-cost TVA 
power are p lay ing an important part i n  

Tennessee's rap id  i ndustr ia l  expa ns ion .  

Twenty-f ive major lakes,  2 ,000 m i les  of  

major streams, deep we l l s, and a n  ave rage 

ra infa l l  ru noff of 40,600-m i l l ion ga l l ons a 

day prov ide a pr ice l ess source of h igh

qua l ity water for industr i a l ,  m un ic ipa l ,  

and  recreational  uses .  E l ectric power, p ro

v ided i n  part by 10 steam and 25 hydro 

p lants with i n  the State, is ava i lab l e  at 

rates 30% to 45% below the nationa l 

average, from a 1 2-m i l l ion k i l owatt capacity. 

Invitation to Management and Scientists 
These and other  industr ia l  advantages a re 

tersely documented in an i l l ustrated, fact

f i l l ed  booklet which we ' l l  g lad ly  m a i l  on 

request. Other  subjects covered i nc l ude  
labor supply, b u i l d ing costs, transportation,  

l iv ing cond it ions, fac i l i t ies for advanced 

research and  higher educat ion,  etc. A l l  

requests he ld  strictly confidentia l .  S imp ly 

ask for a copy of " I ndustr ia l  Tennessee ."  

TEN N ESSEE 
D IV IS ION  FOR  I NDUSTRIAL D EVELO P M ENT  

Office o f  the Governor 
H-144 CDrdell  Hul l  Bldg. Nashville, Tenn. 372 1 9  

o f  Brazil. The abolition o f  slavery in 
1 888 gave way to a labor system char
acterized by deep social differences 
between employers and employed. Al
though the government was representa
tive in form, it was almost exclUSively 
operated from the top down; the execu
tive power was able to select its own 
candidates in the legislative branch and 
enforce election results. 

In 1 930 there began a rapid disman
tling of the old feudal agrarian system. 
v\lith the decline of export agriculture, 
industrial entrepreneurs and the labor 
unions took a stronger hand in politics. 
Their growing power is inhibited, how
ever, by the overrepresentation of rural 
areas in the electoral system and by an 
electoral law that disenfranchises the 
nonliterate majority of urban workers . 

At present Brazil is a nation in transi
tion. Its system of representative democ
racy has shown great flexibility in recent 
years but this flexibility is now stretched 
to its limits. The most serious threat to 
peaceful transition arises from the fact 
that the most urgently needed reform
the political reform that will make the 
government more truly representative of 
the new urban and industrial society
has proved to be the most difficult to 
achieve. Until this higher degree of ef
fective democracy is won, other institu
tional changes compelled by economic 
devekpments must generate dangerous 
tensions. The extension of social security 
to rural laborers, for example, has been 
pushed through only recently after 1 0  
years o f  hard struggle i n  the federal 
legislature. The agrarian reform now 
being debated in the Brazilian congress 
will undoubtedly constitute a decisive 
test of the limits of pressure bearable by 
the present political system. 

Brazil's approach to industrial ma
turity has great significance for the world 
as a whole, in view of the nation's ex
traordinary potentialities for future 
growth. By the end of the decade the 
population of Brazil will have come close 
to 1 00 million, with more than 60 million 
living in urban regions. Steel produc
tion will have exceeded 10 million tons 
and the foundations for self-sustained 
growth will have been secured. Because 
Brazil will be the first nation in the 
Tropical Zone to achieve industrializa
tion, its culture and technology will sure
ly have possibilities for world-wide pro
jection. The democratic bias of the coun
try's ethnic make-up will facilitate the 
projection of Brazilian values and ideals 
far beyond its own frontiers _ Brazil is 
therefore bound to play an important 
role in relation to the new nations that 
are being formed in the tropical world. 
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B asic Research at Honeywell 

Research Center 
Hopkins, Minnesota 

Measuring Heats of Fusion of Salts 
with a Dynamic Adiabatic Calorimeter 
Modification of and additions to known t echniques  
have led to a fast and accurat e  method of  measuring 
heats  of fusion and spe cific  heats of materials .  

Fused salts are stable at  high tempera
t u r e s ,  h a v e  l o w  v a p o r  p r e s s u r e ,  l o w  
viscosity a n d  good electrical conductivity. 
They are also able to dissolve many differ
ent materials. Extremely useful in metal
lurgical processes, they have been used 
as heat transfer materials, power sources, 
control devices, and coolants and fuels in 
atomic reactors. 

One area of in terest to Honeywcll scien
tists concerns heats of fusion of specific 
s a l t s .  Mu c h  o l d e r  h e a t  of  fu s i o n  a n d  
specific heat data t o  b e  found in the calori
metric literature are inaccurate, particu
larly those on inorganic compounds with 
high melting points .  At the same time 
prese n t  methods of obtaining accurate 
data are cumbersome, complex and time 
consuming. 

Modifying and adding to known tech
niques, Honeywell scien tists have devel
o p e d  a c a l o r i m e t e r  t h a t  g i v e s  d i r e c t  
reading, highly accurate data in as l ittle 
as two hours. 

A conventional calorimetry equation is 
q h  = qs + qc + ql or the heat supplied 
to the system equals the heat absorbed 
by the sample (qs) plus the heat absorbed 
by the calorimeter (qc) plus any heat loss 
( q l ) .  

Honeywell's approach (see illustration) 
is to eliminate ql by maintaining adiabatic 
conditions between the outer shell (A) and 
the next or middle shell (B) and to main
tain a constant temperature gradient be
tween a higher temperature in the middle 
shell (B) and a lower temperature in the 
inner shell (C) containing the sample. The 
equality of temperatures at  (A) and (B) 
forbids heat from passing from the middle 
(B) to the outer shell (A) so that after the 
middle shell tempera ture reaches its con
trol poin t all heat must pass to the sample. 
The outer-middle shell adiab;;.tic condi
tion and the middle-inner constant tem
perature gradient condition are maintained 
with two feed-back con trol systems.  I f  
these conditions are m e t  q l  c a n  b e  ignored 

and % = qs + qc·  If the sample is re
moved q h  = qc and qc becomes known 
so that qs can be determined by a simple 
subtraction.  The problem then becomes 
how to accurately measure q h .  

Ii Outer Conta iner A (Temp A =  B J j M l d d l e  She l l  B (Temp B > C) 

· :�'ur""'" �-

<> -

- - - .  
0 - _ 
o -

Heater 
I 

: 0  

The problem q h  = ..1 watts x time or .I 
amps x volts x time is simple to pose, but 
the integration is difficult without a con
s t a n t  curre n t ,  voltage o r  wattage . To 
o btain a constant power (amps x volts) , 
H o n e y w e l l  borrowed an a p p r o a c h  of 
Rosengren whose circuit is such that  the 

Rc 

:------'=J " 
difference in power dissipated by Rh will 
be negligible between any two temper
atures if Rc = VRhl x Rh2 where Rhl  
is resistance at  temperature 1 and Rh2 is  
resistance at  temperature 2,  whereas with 
out Rc the power dissipation decreases 
inversely as Rh increases.  

Desiring, however, to use an adjustable 
system to cover diffe r e n t  temperature 
ranges, Honeywell separated Rc into Ra,  
an adjusta ble resistor, and Rs,  a known 
standard resistance. 

Then, adding a poten tiometer to meas
ure Es across Rs and Eh across Rh, 

Rs Ra 

:�=�l 
Es = Rs i s ,  where is is t h e  same as ih and 
Rs is known . Thus watts across Rh can be 
determined : Eh Es/Rs = watts of con
stant power.  

With a strip chart recorder measuring 
the temperature of the sample only when 
power is demanded, a direct readout of 
the heat of fusion (%) is possible.  The 
chart  reads time d irectly be twee n  any 
two points .  Therefore, when temperature 
ceases to climb, fusion is taking place and 
when temperature rises again fusion is 
complete d .  

Since qh = watts x time, and watts 
(Eh Es/Rs) is maintained constant,  q h  be
comes a known factor x time, so that by 
an easy conversion, time for fusion is in 
effect, qll >  the heat of fusio n .  By comparing 
plots with and without the sample, spe
cific heat data are also easily obtained . 

This chart, plotted automatically in two 
to three hours, replaces computations that 
took several weeks . Results have been im
pressive . I n  measuring the heat of fusion 
of be n z oic  acid i n  five r u n s ,  one was + 1 . 7% a bove the Bureau of  Standards 
figure, one +2% and three exactly o n  
standard . 

Work is continuing at Honeywell's  Re
search Center. As heats of fusion of various 
salts are more readily measured and pre
dicted, further uses are expected.  I f  you 
are engaged in high temperature calo
rime try and wish to know more about 
Honeywell's work in this area you are in
vited to write Dr. Cyril Solomons, Honey
well Research Center, Hopkins, Minn. 

If  you are interested in a career at 
Honeywell's Research Center and hold an 
advanced degree in any branch of science 
you are invited to write Dr. John [m 
Dempsey, Director of Research, at H 
this same address. ''''''1" 

Honeywell 
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After: 

• 

S I X  T RA N S I STO R S  A N D  1 1  R ES I ST O R S  ( I NTEG RAT E D ) .  N O  W I R I N G N E E D E D .  

B efo re, t h e  c u stomer n e e d e d  a l l  of the 

components pictured on the left to produce 

an electronic sense amplifier. Now we have 

given him the same circuit with all the 
necessary components incorporated in a 

single chip of silicon, like the one above. It 

i s  a Fairchild custom - integrated micro

cireu i t - built to the engineer's own p re

tested design and specifications. It uses less 
power than the conventional circuit. It is 

more rel i a b l e - b e c a u s e  i t  e l i m i n at e s  a 

maj or source of failure : wiring and con

nections. And it is one-twentieth the size. 

When it comes to an electronic circuit, we 

may not be able to eliminate all problems 
but we can very likely make them smaller. 

F� I R C H I L C 
S E M I C O N D U CTO R 

F A I  R C H  I LD S E M  I C O N  D U CT O R  / A D I V I S I O N  OF FA I R C H  I L D C A M  E R A  A N  D I N ST R U M E N T  C O R  P O R AT l D N  1 5 4 5  W H I S M A N  R O A D ,  M O U N T A I  N VI EW. C A L I  F . / 9 6 2  · 5 0 1 l / TWX , 4 1 S · 9 69 · 91 6 5 
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The Development of the U. S. South 

Not so long ago the 13 Southern states were an underdeveloped 

"count,:y" within the U.S. An account of the process by which a 

quasi-colonial reglOn was integrated into the national economy 

J
ust 25 years ago President Roosevelt 

released with his own endorsement 
a rcport by thc National Emergency 

Council that described a region of the 
world whose "potentialities have been 
neglected and . . .  opportunities unreal
ized. " The report told a story of inade
cluate housing, education and health 
facilities, of an agriculture characterized 
by absentee ownership, single-crop farm
ing, underemployment and per capita 
incomes under $200 a year. Too poor to 
accumulate savings, the people had 
not developed their own industries and 
lived in a quasi-colonial economy, ex
porting staple crops and raw materials 
and importing most of the manufactured 
products they consumed. 

The report dealt not with a region of 
Asia or Africa or Latin America but with 
the 13 Southern states of the U. S. In 
1938 the U. S. South was an under
developed area within the most devel
oped country in the world, "the nation's 
economic problem No. 1. " Now, 25 years 
later, the South is emerging from that 
state of underdevelopment. It has at
tained the diversification of agriculture 
and industry and the potential for self
sustaining growth that characterize a 
viable modern economy. Although it still 
lags behind the rest of the U. S., it has 
essentially achieved the economic goals 
toward which such countries as Nigeria, 
India and Brazil are striving. These past 
25 years of its 100-year struggle with 
poverty illustrate the crucial importance 
of outside assistance to a people attempt-

FARM SCENE on opposite page illustrates 

some of the changes brought about in South· 

ern agriculture in the past 25 years by im· 

proved technology and diversification of 

crops. The aerial photograph of a farm near 

Dublin, Ga., shows (top to bottom) fields 

of cotton, corn, peanuts and again corn. 

by Arthur Goldschlllidt 

ing to break through the interrelated. bar
riers that bar the way to development. 

These barriers, as the economist H. W. 
Singer has said, are a series of "vicious 
circles within vicious circles and of in
terlocking vicious circles": 

Poor people have poor health and low 
energy; low energy results in- low pro
ductivity, which keeps people poor. 

Absentee and large-scale ownership 
patterns demand single-crop farming, 
which is dependent on unstable markets, 
which dictate· credit systems that per
petuate undesirable land-tenure patterns. 

Economic development requires capi
tal; capital must come from savings; sav
ing refluires cutting down consumption 
-hut a poor economy must consume 
most of what it produces. 

Low economic activity cannot create 
thc tax base for producing the revenue 
required for such "infrastructure" invest
ments as transport, power and educa
tion-which are essential to increased 
economic activity. 

Development activity in poor areas 
is initially more effective in reducing 
death rates than in producing goods, so 
that populations increase and living 
levels are lowered. 

Development requires change; but in 
the traditional societies of underdevel
oped regions power is often in the hands 
of those most bound by tradition and re
sistant to change. 

The Swedish economist Gunnar Myr
dal has described these vicious circles 
as a downward-spiraling "cumulative 
process of circular causation. " It can be 
summed up by the saying "Poverty is its 
own cause. " These deterrents to devel
opment affect pockets of poverty within 
the developing and even the most devel
oped nations as well as . the underde
veloped countries of the world. It is 
true that technology and industry offer 
the means of distributing wealth and 

well-being throughout a country, and 
that today the more highly developed a 
society becomes, the more it tends to 
achieve economic equality for its peo
ple-a modern version of the egalitarian
ism of primitive hunting-and-gathering 
societies. The process, however, does not 
spread automatically from one sector or 
section to others. Rather, unevenness of 
development is implicit in the process of 
development. Disparities of income, dif
ferences in the state of technology and 
consequent productivity, and wide vari
ations in levels of living are the condi
tions of any society that has left the 
moorings of its primitive economy and 
launched on the turbulent process of 
development. 

rrhe principal disparity within the 
_ . developing countries is a sharp dis

continuity between the economies of 
the agricultural mass of the country 
and the capital city or a few main 
industrial centers. But sometimes whole 
areas have stood still or retrogressed 
in an otherwise developing economy, 
either because they are "new" areas, 
remote from the original focal points 
of development (the old U. S. West, 
Siberia, western China and western 
Australia), or because they are phys
ically inhospitable regions (eastern Bo
livia and eastern Peru). Others are by
passed for more complex economic and 
political reasons and fail to share in the 
economic development of the rest of the 
country. While these regions lag they 
are a serious brake on the progress of 
the whole economy. The depressed 
Nordeste of Brazil is one such bypassed 
area in a developing country. In a more 
advanced country, Italy, the southern 
provinces have yet to share fully in the 
benefits of a modern economy. 

The U. S. South was Similarly by
passed in the course of the nation's in-
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dustrial development. It was not just 
that the South's cotton-tobacco-slave 
economy cut it off from the commercial 
and industrial advance of the rest of the 
nation or that it suffered directly from 
the Civil War and Reconstruction. Ac
cording to classical economics the op
eration of the market and the play of 
trade should tend to equalize develop
ment between the advanced and the re
tarded parts of a country. Myrdal has 
pointed out that the process is not that 
simple. If there are "spread effects" that 
move outward to elevate the poorer re
gions, there are also "backsetting ef
fects": patterns of trade, migration and 
the movement of capital within a country 
favor the rich and developing sections 
at the expense of poor and underdevel
oped sections. M yrdal suggested that 
national policy can intervene to strength
en the spread effects, and that this is 
what has happened in most of the ad
vanced nations. But in the case of the 
U.S., Federal intervention tended his
torically to aid the development of the 
North and to retard the South. 

U. S. Government intervention in de
velopment reached back to the Articles 
of Confederation; indeed, concern with 
national development was the proximate 
cause of the meeting of state delegates 
at Annapolis in 1786 that called the 
Constitutional Convention. Homestead
ing policies, beginning with the North
west Territories Ordinance of 1787, 
coupled with the disposition of large 
grants of public lands for infrastructure 
investment in transportation and educa
tion, were intentionally designed to 
promote development and to spread it 
westward across the continent. These 
Federal policies had little applicability 
in the South, where there were no ex
tensive public lands left for disposal. 
Tariff policies designed to help the in
dustrialized sections of the country did 
so at the expense of the raw-material
producing Southern states. The U ni
versity of Texas historian Walter Pres
cott Webb, in his 1937 book Divided 
We Stand, struck out at what he called 
the "economic imperial control of the 
North," attacking not only Government 
policies of discrimination but also poli
cies of corporations that affected South
ern development: restrictive licenSing 
arrr.ngements, discriminatory pricing 
systems and investment of insurance 
funds in Northern industry. He showed 
that even the Civil War pensions (pre
dominantly paid to Northerners) were 
related to the tariff policies of the Fed
eral Government because these pay
ments, which provided purchasing power 
for Northern business, were a conven-
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ient method of siphoning off the embar
rassment of riches that the U. S. Treasury 
reaped from tariff revenues. Webb's 
complaints were reminiscent of those of 
the "New South" movement in the 1880's 
and of the Populists in the 1890's. But 
the nation as a whole had largely ignored 
these pleas. The South remained in a 
stagnant backwater outside the main
stream of U.S. development. 

I n June, 1938, President Roosevelt 
called attention to the need for na

tional involvement in the South's efforts 
at development. At his request the Re
port on Economic Conditions of the 
South mentioned at the beginning of this 
article was drafted by a group of South
erners in the Federal service and re
viewed by an advisory committee of 
Southern citizens. The report did not 
have any formal status, nor was it in 
any sense a "plan" for the South. Writ
ten in simple language and high dudg
eon, it was an effort to gain support for 
reversing policies of drift and discrimina
tion and putting the influence of the 
Federal Government behind the devel
opment of the South. Its impact was 
felt throughout the country. 

In examining "the factors that have 
produced the present economic unbal
ance" between the South and the rest 
of the country, the report covered to a 
remarkable extent the same range of 
problems discussed by experts currently 
reviewing similar underdeveloped seg
ments of the world for the United Na
tions, the World Bank or U. S. foreign
aid agencies. "The paradox of the South 
is that while blessed by immense vvealth, 
its people as a whole are the poorest in 
the country. Lacking industries of its 
own, the South has been forced to trade 
the richness of its soil, its minerals and 
forests, and the labor of its people for 
goods manufactured elsewhere." This 
might describe the majority of the coun
tries of Asia, Africa and Latin America. 

"The farming South depends on cot
ton and tobacco for two-thirds of its cash 
income," the report continued. "More 
than half of its farmers depend on cotton 
alone." With the characteristic insularity 
of its day the report stated that "no 
other similar area in the world gambles 
its welfare and the destinies of so many 
people on a single crop market year after 
year," ignoring the rice farmers of Thai
land, the tea gardeners of Ceylon, the 
coffeegrowers of Colombia. 

More than half of the South's farmers 
were tenants, and tenancy dictated one
crop farming because "landlord and 
tenant usually have not been able to find 
a workable method of financing, produc-

ing and sharing the return from such 
crops as garden truck, pigs and dairy 
products." One-crop farming in turn 
made soil conservation practices almost 
impOSSible-as it still does in many parts 
of the world. Inefficient use and control 
of water resources retarded economic de
velopment. Malaria afflicted more than 
two million Southerners, and the low
income belt of the South was "a belt of 
sickness, misery and unnecessary death." 
In the slums of "overcrowded, economi
cally undeveloped Southern communi
ties" lived families that shuttled "from 
farm to mill or mine and back again to 
farm," always with "too little income to 
enable their members to accumulate thc 
property that tends to keep people 
stable." For years many had been "living 
only half-employed or quarter-employed 
or scarcely employed at all." 

The South had 28 per cent of the 
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U.S. SOUTH, as discussed in this article, 

comprises the 11 Confederate states plus 

Kentucky and Oklahoma. Its area, 863,000 
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U.S. population but the South's banks 
held less than 11 per cent of the nation's 
bank deposits and less than 6 per cent 
of the savings deposits. Because money 
was scarce interest rates were high, 
making borrowing difficult for industry, 
for local governments and in particular 
for farmers, who had to pay interest as 
high as 20 per cent (as do borrowers in 
the less developed countries today) . The 
South had to "look beyond its boundaries 
for the financing of virtually all of its 
large industries and many of its small 
ones." Outside financing turned policy
making power over to "outside manage
ment, " a circumstance that disturbs 
many of thc emerging countries now 
seeking capital from abroad. 

The report insisted that the South got 
shortchanged in its terms of trade with 
the rest of the country, and it hammered 
away at the Government policies it con-
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sidered responsible. Unwarranted dif
ferentials in railroad freight rates made 
it more expensive to ship manufactured 
goods to centers of consumption in the 
North and the Middle West from thc 
South than from eyuidistant factories in 
the Northeast. High tariffs helped North
ern industry but made it difficult for 
foreign countries to acquire dollars with 
which to buy Southern raw materials. 
The South was "caught in a vise that has 
kept it from moving along with the main
stream of American economic life. On 
the one hand, the freight rates have ham
pered its industry; on the other hand, our 
high tariff has subsidized industry in 
other sections of the country at the ex
pense of the South." 

Low incomes and revenues kept the 
infrastructure of governmental services 
meager. "Since the South's people live 
so close to the poverty line, its many 

o F MEXICO 

political subdivisions have had great 
difficulty in providing the schools and 
other public services necessary in any 
civilized community." In 1936 the state 
and local governments of the South 
collected in taxes only $28.88 per person 
compared with $51.54 in the nation as a 
whole. "The South must educate one
third of the nation's children with one
sixth of the nation's school revenues." 
Not only were there inadequate schools 
and colleges but also there were "meager 
facilities ... for research that might lead 
to the development of new industries 
especially adapted to the South's re
sources." The lack of opportunity in the 
South was causing large-scale migration; 
"many of its ablest people" were leaving, 
just as is the case today in so many of the 
less developed countries. 

Adding up all these factors in terms 
of individual incomes, the report found 

square miles, is almost twice that of the six·nation European Com· 

mon Market; its population, 48,802,000 in 1960, is 27 per cent of 

the U.S. population. Most of the South, stretching all the way 

from tidewater Virginia to the cattle ranges of Texas, has a long 

growing season and adequate rainfall. Colored areas on map de· 

note agrkultural land and show the leading crop in each region. 
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that in 1937 the average annual income 
of Southerners was $314 compared with 
$604 for other Americans. In none of the 
Southern states did the per capita in
comc reach the national figure; in more 
than half of the states incomes were be
low 60 per cent of the U.S. average; in 
three they were less than half. Industrial 

wages were about two-thirds of those 
paid elsewhere in the U.S. For the farm
ers it was worse: even in 1929 Southern 
farm families had a per capita gross 
income of $186. For the tenant farmers 
it was still worse: the average cotton 
tenant family's income was $73 per per
son and sharecroppers' earnings ranged 
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down to $38 per person. These figures 
are within the range of incomes in most 
poor countries of the world today. 

The South was in 1938 a kind of 
colony of the U.S. but it was a built-in 
colony. The traditional antidote to 
colonialism-in dependence-was not ap
propriate. Only economic integration 
with the nation as a whole could cure 
the South and close the North-South gap. 
And this integration could only be ac
complished by Federal action. There is 
a direct parallel today in the economic 
development of the former colonial re
gions of the world. Independence, al
though it is a political and moral impera
tive, does not in itself bring economic 
development. The emerging nations 
need to be integrated into the structure 
of the developed world's economy. No 
amount of bootstrap-pulling can do the 
job; outside assistance is essential. 

The report made few specific recom
mendations for the amelioration of the 
conditions it found but it did call im
plicitly for action by the Federal Gov
ernment: greater Federal expenditures 
for public works, resource development 
and relief; more favorable credit facili
ties, particularly for agriculture; correc
tion of discriminatory freight-rate and 
tariff policies. The tone was occasionally 
xenophobic, but there was no demand 
for economic "independence"; the mes
sage was national, emphasizing the in
terdependence of Southern development 
and U.S. economic health. "The South 
is the nation's greatest untapped mar
ket .... Northern producers and distribu
tors are losing profits and Northern 
workers are losing work because the 
South cannot afford to buy their goods." 
In spite of the complaints against freight
rate discrimination and tariffs, the report 
called not for a return to laissez taiTe but 
for the "national integration policies " 
and the "state interferences" that M yr
dal says are required to keep a region 
or sector from lagging far behind in the 
development of a national economy. 

rrwenty-five years after the publication 
of the report the nation's major pre

occupation with the South is no longer 
economic. To be sure, the income pat
terns of the Southern states still put all 
of them below the line of the national 
average, but the trend throughout the 
intervening years has been toward clos
ing the gaps: the lower-income states 
have moved upward toward the national 
level while that level itself has moved 
upward [see illustration on opposite 
page J. There are still geographiC dis
parities in employment and income in 
the U.S., but the contrast is now largely 
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between scattered depressed enclaves 
(many of them still in the South) and the 
rest of the country. Economists generally 
agree that this integration of the U.S. 
economy was b;'ought about not by the 
unseen hand of economic forces but by 
the long arm of national policy. 

It is doubtful that the principal direct 
proposals of the report-the removal of 
the freight-rate differentials. the relaxing 
of restrictions on the sale of margarine 
or even the lowering of tariffs-had any 
substantial role in effecting the rise of 
the economy of the South. Nor were the 
relief payments called for enough to pro
vide more than a temporary palliative. 
The conditions reported in 1938 were 
not caused by the depression but merely 
highlighted by it, and they required 
changes more drastic than countercycli
cal measures of employment and relief. 
Even Federal grants-in-aid to the South
ern states, which had lagged on a per 
capita basis and were stepped up in 
1939, did not rise appreciably above the 
national average until 10 years later. 

T he measures that achieved the most 
.. .. spectacular changes were those that 

a
'
ttacked the root problems of Southern 

agriculture: "land reform" (in the broad 
sense used by the UN) , including not 
only changes in land tenure but also 
improvements in farm credit, marketing, 
research and other services. These 
changes wcre effected in the South 
through Federal mcasures designed to 
correct the tenure and technology of 
agriculture and to increase its produc
tivity. Programs of supervised rural 
credit and 01 her aids to the lowest
income farmers, as well as broader pro
grams of research, soil conservation and 
price supports, have radically changed 
the patterns of Southern agriculture. 

The small, uneconomic farms are dis
appearing. There are more than a million 
fewer farms under 50 acres in the South 
than there were in 1935. The total num
ber of farms has dropped from 3,263,000 
to 1,572,000 and the average acreage 
per farm has doubled. Most impressive 
of all is the fact that there are some 
1,400,000 fewer tenant farms today than 
there were in 1935. Tenants operate less 
than a fourth of the farms, compared 
with more than half in 1935. There were 
more tenant families in 1935 than th�re 
are farms today in the South. 

Farm practices too have undergone 
basic changes. Soil and moisture pro
grams have changed the very landscape 
of the South. \\There once there were 
gullied hillsides and worn-out soil there 
is now a rich farmland improved by con
tour plowing, runoff-retardation works 
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GROWTH OF INCOME in the South is compared with that of the rest of the U.S. in these 

charts. The 13 states have moved upward in per <:apita income, as shown in the top chart, 

although none has yet reached the national standard. The two bottom charts illustrate in 
different ways the fact that the South has been growing faster than other regions of the U.S. 
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on small streams, supplementary irriga
tion and reforestation. In 1959 a third 
of the number of cotton farms with 60 
per cent of the acreage produced a big
ger cotton crop than in 1939. Although 
the South still produces most of the cot
ton of the U. S., the appalling depend
ence on that commodity has been end
ed. In part this has been the result of a 
technological change, the mechanization 
of cotton farming, that resulted in in
creased cotton production in Texas and 
Oklahoma and on irrigated farms in the 
arid Southwest, forcing the Southeast 
to diversify its crops. Roads and rural 
electrification have added appreciably 
to the productivity of Southern agricul
ture. The South received more than 4 1  
per cent of the total loans of the Rural 
Electrification Administration from its 
inception in 1935 to 1961. 

The agrarian reform of the South is 
not yet complete. The problem of 

tenancy has been replaced to some ex
tent by the problem of the farm wage
worker. Sixty-five per cent of the full
time farm laborers receive less than $5 
a day in wages, and their average total 
annual income in 1960 was less than 
$800. But the net income per Southern 
farm had risen by 1960 to 87 per cent 
of the national average. More important 
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than this relative rise was the absolute 
rise: at $6,238 in 1959 the gross money 
income per farm was nearly eight times 
the 1939 figure. 

The agricultural sector was not the 
only front on which the Government 
moved to alleviate the conditions cited 
in the report. Water conservation and 
development projects, led by the pace
making Tennessee Valley Authority 
program, brought navigation channels, 
flood control benefits and power to the 
region. The TV A power policies, in the 
American tradition of eschewing monop
oly and spreading widely the benefits 
of public resources, affected rates and 
service far beyond its own network of 
transmission lines. Federal projects on 
the Red, the White, the Arkansas, the 
Savannah and the other major rivers of 
the region developed hydroelectric pow
er that was firmed and augmented by the 
South's vast natural gas, oil and coal 
resources, so that the region now has 
nearly 30 per cent of the nation's gen
erating capacity. The South's consump
tion of electric power increased from 2 1  
per cent o f  the nation's production 25 
years ago to more than 30 per cent in 
1960. 

Industrial development was directed 
to the South by the Defense Plant Cor
poration and other World War II agen-

1950 1959 

I 
L 

LAND REFORM in the South is traced by this chart. The total number of farms has de. 

creased steadily since 1935 (gray bars) and the number that are tenant·operated has gone 

down even more sharply (dark gray). Average acreage }ler farm increased (color). 
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cies. But the new manufacturing plants 
of the South have been attracted also by 
more basic considerations, notably the 
ready availability of natural resources. 
The South produces more than 63 per 
cent of the country's crude oil and 78 
per cent of the natural gas, and the ex
panding demand for petrochemicals has 
made a manufacturing industry out of 
what was once an extractive industry 
only. The South's new wealth in hydro
electric power has brought in chemical 
and metallurgical industries-notably 
aluminum-that require large amounts 
of electricity. These and the increased 
number of pulp and paper mills are 
among the growing resource-based in
dustries that have jOined textiles and 
tobacco. Meanwhile enlarged markets 
have attracted decentralized rubber and 
automobile assembly plants. By 1955 
manufacturing had replaced agriculture 
as the leading source of personal income 
in the South. Whereas in 1929 agricul
ture had supplied about 26 per cent of 
the South's "earned" personal income, in 
196 1 it provided less than 9 per cent; 
in the same period manufacturing's share 
rose from 16 per cent to 22 per cent. 

Gross weekly earnings of production 
workers in the South were still below 
the U. S. average of $92.34 in 1961. 
Earnings in Texas topped this average 
by a few cents but at the other end of the 
scale workers in Mississippi averaged 
$61.93. These figures, however, are af
fected by the types of industry in the 
region; in any given industry the wages 

'paid in the South and in other parts of 
the country tend to be closer. Hourly 
earnings of textile production workers 
averaged $1.57 in New England in 1958, 
compared with $1.45 in the Southeast; 
the spread was even narrower in fine 
cotton goods, with New England's aver
age $1.56 and the Southeast's $1.52. 
Federal minimum-wage legislation and 
the spread of union organization helped 
to integrate the South in the national 
economy. As a result the South was re
ceiving 20 per cent of the nation's total 
personal income in 1955, compared with 
only 16 per cent in 1929. The per capita 
personal income in the South was 76 
per cent of the national figure in 1961; 
in 1929 it had been only 57 per cent. 

S outhem housing is still below the 
national level. The 1960 census of 

housing reveals that the percentage of 
housing units classed as "dilapidated" is 
twice as large in the South as in the 
rest of the country. "But the actual num
ber of such units is only 1.5 million, 
whereas the 1938 report concluded that 
four million families in the South needed 
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Here are two solutions to a timing headache! 

Take aspirin, or ... call The A.w. 
Haydon Company! For the com
plete cure, we recommend the lat
ter, because we're unique. 

We're specialists in the fourth di
mension! Our only interest is with 
time, and timing devices. Genera
tion ... observa tion ... measure-

ment . .. transmission. We shrink 
ac curate timing into pill-sized 
packages, as our tin y  timing 
motor shows. 

We serve time up-to operate 
underground or underwater. On 
land ... in the air ... in the ou ter 
reaches of space. Anywhere in, on, 

or off the earth! 

Do you have a time problem? 
We have a timely solution! 

AUlHAYDON 
An COMPANY 
232 NORTH ELM STREET. WATERBURY 20.CONNECTICUT 

THERE IS ALWAYS AN OPPORTUNITY FOR QUALIFIED ENGINEERS AND TECHNICIANS TO GROW-IN THE FIELD OF TIME-WITH THE A. W. HAYDON COMPANY, AN EQUAL OPPORTUNITY EMPLOYER. 
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CONSERVATION TECHNIQUES have altered the Southern land· 

scape. A hillside in North Carolina's Buncombe County, gullied and 

barren in the 1930's (left), was planted with seedlings in a TVA 

forestation program. The result 20 years later is shown at right. 

to be rehoused. In the 25 years Federal 
programs to stimulate home-building 
and help people to buy homes had 
brought housing in the South closer to 
the national standard. 

Rising incomes have made it possible 
for the Southern states to invest more 
in education; their spending per pupil 
rose from half of the U.S. figure in 1936 
to more than 70 per cent in 1959-1960. 
The Southern states, however, are still 
far down on the scale: Mississippi spends 
only 55 per cent of the national fig
ure, South Carolina 56 per cent, Arkan
sas 60 per cent. Even to attain these low 
school-spending levels the Southern 
states must devote a higher proportion 
of their citizens' income to education 
than the rest of the nation does. This is 
not only because of generally low income 
but also because of an unfavorable age 
distribution (more children), a larger 
proportion of children in public schools 
(fewer Catholics) and the added ex
pense of maintaining lingering segre
gated school systems. As a result the 
South ranks high on a "sacrifice" scale 
relating spending on education to per
sonal income. With the U.S. at 100, 
such a scale shows Mississippi at 125, 
South Carolina at 115 and Arkansas 
at 1 10. 

Population control is often advocated 
to mitigate the problem of low incomes. 
In the South this has to some extent been 
accomplished by migration, both within 
and out of the Southern states, which 
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has appreciably redistributed their popu
lation. (High birth rates have kept the 
total population at about the same pro
portion of the national total even though 
people have been leaving most of the 
states.) From 1940 to 1960 the South 
(excluding Florida) had a net loss of 

5.6 million people through out-migra
tion. Together with movements within 
the region this has resulted in a sharp 
relative increase in -the number of peo
ple living in Florida and Texas and a 
relative decline in most of the other 
states, with absolute decreases in popu
lation in Mississippi, Oklahoma and 
Arkansas. 

Economic progress in the South has 
been spotty and the development 

process is not yet complete, but this un
derdeveloped section of the U.S. has 
come a long way. Many of the vicious 
circles of self-enforcing poverty have 
been broken-and with them many of the 
traditional relations and patterns of liv
ing that may well have held the South 
back but have also been basic to its sense 
of its own identity, to a regionalism that 
could never be completely explained 
by geography, economics or even his
tory. Development inevitably brings so
cial upheaval and political tensions. 
As in the case of so many developing 
countries, some of the concomitants of 
economic change are deeply disturbing 
to many Southerners. In this situation 
fear of the future and nostalgia for the 

past occasionally outweigh courage and 
eagerness for progress. But the forces 
of Southern development and the na
tion's need for that development will not 
be denied. 

The distinguished Southern historian 
C. Vann Woodward has suggested in his 
Burden of Southern History that the 
South's perspective on history is closer 
to the world's view than is that of the 
rest of the country because the South 
has shared with nearly all the peoples of 
Europe and Asia the experiences of 
military defeat, occupation and recon
struction. The South has shared 'another 
tremendous experience with the devel
oping countries of the world: it has 
within recent years faced their problem 
of breaking the vicious circles that thwart 
development. It is an irony of history 
that this section of the U.S., which pre
sents to the world such a disturbing 
picture of human relations because of 
the turbulent current effects of its de
velopment, should offer to the emerging 
countries so important a message bearing 
on their own concerns. Economic devel
opment is too important to leave to the 
blind play. of economic forces; it can be 
hastened or hindered by the intervention 
of policies designed to increase produc
tivity and promote welfare. And the 
process is strengthened by outside as
sistance. The rich nations of the world 
will have to do for the poor nations what 
the Federal Government of the U.S. 
did for the South. 
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One 01 a series briefly ,lescrib'n.y (;,'I··s research In ,lepth 

HOT 
Don't touch. At 650°C a red-hot metal is transforming 

from one solid state to another. And careful observation of 

its change in phase can tell us more about the influence 

of thermal history on the mechanical properties of 

metals. Strength. Hardness. Toughness. 

Here at the General Motors Research Laboratories, 

our understanding of metals and the ancient art of heat 

treating is being extended by basic studies of solid state 

transformations at elevated temperatures. 

Aiding the experimental side of these investigations is 

the thermionic emission microscope. With it, our 

metal physicists can study dynamic processes 

in metals as they occur. 

Here's  how. Electrons "boiling off" a heated metal 

sample serve as the image source in this special electron 

microscope. Changes in the metal - phase transformations, 

recrystallization, and grain growth -are 

recorded by motion picture camera. 

Results are being analyzed in several ways. For one, 

rates of micro-structural changes are being directly 

measured - some for the first time . For another, observa� 

tions of the nucleation and growth of annealing twins 

have suggested a way of measuring the stacking fault 

energy of the austenite phase in plain carbon steels .  

These studies, of  scientific import today, will provide 

information helpful in fabricating the materials of 

tomorrow. They typify General Motors' continuing 

search for a better way. 

General Motors Research Laboratories 
Warre n ,  M i c h i g a n  

Ti m e·conto u r  m a p  used for 
growth rate measureme nts. 

Austenite tra nsfor m i n g  to pearlite 
i n  steel over a 3-second i nterva l .  
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THE PLANNING OF DEVELOPMENT 
Future development \vjll not strictly pm'aUel classical industrial 

revolutions. Technology, econonlics and ideology all Inake it likely 

that governnlents will playa central role in directing th e process 

T
he side-by-side existence in the 
modern world of developed coun
tries and underdeveloped coun

tries has suggested to generous and 
hopeful citizens of both kinds of country 
that the poverty of the latter can bc 
cured by the rapid, systematic and large
scale transfer of the technology that has 
produced such great wealth for the for
mer. Dcvelopment is not, however, a 
matter of technology alone. The under
developed world cannot, in the words of 
one observer, "simply import the indus
trial revolution from abroad, un crate it 
like a piece of machinery and set it in 
motion." The availability of modern in
dustrial technology is a fact of great im
portance; it should assure that develop
ing countries will not need to experience 
all the difficulties encountered by the 
Western countries in their achievement 
of self-sustaining growth. But putting 
this technology to effective use requires 
something morc than borrowing it. 

The borrowing, in the first place, in
volves the recipient country in economic 
and political as well as cultural relations 
with the lending country. At their pres
ent stage of development most develop
ing countries are heavily dependent on 
the flow of foreign capital. Their credi
tors cannot realistically expect, however, 
that they will follow tile precedents of 
development in the past to some prede
termined and agreed-on destination. As 
the more extensive reviews of the status 
and progress of Nigeria, India and Brazil 
in the preceding pages of this issue of 
Scientific American have shown, the de
veloping nations have entered on their 
present course from diverse historical 
backgrounds and a variety of economic 
situations. They inelude some of the 
world's oldest nations and some of the 
newest; some of the largest nations in 
domain and population and some of the 

b�- Ed\\ arcl S. Mason 

smallest. Some are faced with hcavy 
overpopulation, some with underpopula
tion and all with high rates of popula
tion growth; the differences among them 
in the ratio of population to resources are 
great. One group of underdeveloped 
countries, particularly the oil-rich coun
tries, has readily exploitable and export
able resources to finance development; 
many others have difficulty scraping to
gether an agricultural surplus for ex
port. The prospects for development 
among the underdeveloped countries are 
as disparate as the conditions from which 
they have started. 

In general it can be said of these coun
tries that they are predominantly free
enterprise economies. Yet in all of them, 
without exception, governments are at
tempting to play a role in the develop
ment process substantially larger than 
the one Western governments played 
at corresponding stages in the develop
ment of their countries. There appear to 
be few underdeveloped countries with
out a four-year, five-year or six-year de
velopment plan. Yet in most of these 
countries there is little discerniblc rela
tion between the announced purposes 
of the plan and what in fact gcts done. 
Plainly the various objective and ideo
logical considerations that condition the 
approach to development among the un
derdeveloped countries deserve the care
ful and sympathetic understanding of thc 
citizens of nations that preceded them 
in the technological revolution. 

ECOl�omic development requires a set 
of institutions, habits, incentives 

and motivations such that the inputs 
necessary to a continuous increase in 
output are self-generating. The essential 
inputs are capital, trained manpower and 
technology, and they are likely to be 
self-generating only in an environment 

in which the population seeks to improve 
its physical well-being and in which the 
rewards of effort are at least roughly pro
portional to the productivity of effort. 

There are some countries-Burma may 
be an example-in which matcrial im
provement does not rank high in the 
scale of values accepted by most of the 
population. It is difficult to see under 
such circumstances how the inputs 
necessary to increased outputs arc to be 
generated. There are other countries in 
which the reward for effort is siphoned 
off into other hands by landholding and 
land-use arrangements or by corrupt and 
rapacious governments. In Iran, at least 
prior to the current land reform, the 
share of the crop accruing to the culti
vator was too low to induce increased 
effort. It would be well to recognize that 
in various parts of the underdeveloped 
world the prospects for economic growth 
will not become particularly bright until 
there are some rather profound changes 
in human motivations and values and in 
the sociopolitical structure. It is a mis
take to think that economic development 
enjoys a high priority throughout the 
underdeveloped world. Somc popula
tions and in particular some ruling 
groups definitely prefer the status quo. 

Nevertheless, in most of the countries 
ullder consideration here national in
come has been growing somewhat faster 
thall population, in spite of an accelera
tion in the rate of population growth, 
and in some countries it has been grow
ing a good deal faster. Brazil, Greece, 
Israel and Taiwan seem to have attained 
what can be called a self-sustaining and 
satisfactory rate of economic develop
ment. India, Pakistan, the United Arab 
Hepublic, Turkey, the Philippines, Co
lombia and perhaps a few other coun
tries appear to have fair prospects for 
reaching this goal within the next decade 
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or two. In these countries savings as a 
proportion of national income are in
creasing, education and training pro
grams are producing results, and the 
spread and adaptation of Western tech
nology, assisted in some cases by exten
sive foreign aid, is stimulating produc
tivity. Nigeria and the other new nations 
of Africa south of the Sahara have much 
longer roads to travel. 

The appropriateness of the dominant 
role in development asserted bv their 
government is rarely questioned by pub
lic opinion in underdeveloped countries. 
Indeed, the pressure of opinion is usual
ly in the direction of accelerating and 
expanding public action deemed neces
san' to the achievement of a rapid rate 
of growth. \"!hether or not the policies 
followed by these governments are those 
most conducive to development is a dif
ferent question. At present, however, 
what they do or fail to do has relatively 
little effect on the day-to-day material 
condition of the people. 

In countries with per capita incomes 
of less than $100 a year the share of 
government in national income cus
tomarily runs from 6 or 7 per cent to 
about 15 per cent. Where per capita 
incomes range upward to $700, as in 
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some Latin-American countries, the gov
ernment's share runs somewhat above 
15 per cent. In western Europe and the 
U.S. the figure varies between 20 and 
30 per cent. There is thus a rough corre
lation between per capita incomes and 
the share of government in national 
product. 

I n non-Communist countries around the 
world, it would seem, the poorer the 

country, the larger the role of private 
enterprise in its economic life. This gen
eralization requires closer examination. 
The reason for the preponderance of the 
private sector in developing economies 
is not far to seek. They are overwhelm
ingly agricultural economies, and this is 
true also of developing countries, such 
as China, that have Communist govern
ments. Indeed, it can be reasonably as
sumed that in any country in which 
income per capita is under $100 per 
year, 50 to 70 per cent of its labor force 
will be employed in agriculture. 

Such industry as exists will be pre
dominantly handicrafts. Trade is almost 
exclusively in the hands of small mer
chants. Agriculture, handicrafts, trade 
and services are traditionally private 
activities and in underdeveloped coun-

1956 1958 1960 1962 
FISCAL YEARS 

-- LATIN AMERICA 
---AFRICA 

-- EUROPE -- FAR EAST 
NEAR EAST-SOUTH ASIA 

U.S. FOREIGN AID has only recently been directed specifically to the task of development. 

The chart shows the destinations of U.S. economic aid since the beginning of the postwar 

program (note the change of scale indicated by the gray panel). The bulk of the aid went 

first to the Marshall Plan countries of Europe and then to U.S. allies in the Far East. 
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tries must be expected to account for 
80 per cent or more of total employment 
and around three-quarters of total in
come. From this one might conclude that 
what is done to stimulate activity in the 
private sector will generate more eco
nomic development than anything done 
in the public sector. 

The dominance of the private sector 
at this juncture in the life of low-income 
countries obscures the role that their 
governments seek or are called on to 
play in their development. If one looks 
at the figures for new investment, that 
role becomes clearer. In Latin-American 
countries from 40 to 50 per cent of new 
investment is typically public. In India 
well over 50 per cent of planned invest
ment is in the public sector. In Pakistan 
the figure is closer to two-thirds. Nor is 
the role of government in the channeling 
of economic activity limited to the area 
of public investment as conventionally 
defined. Functions that typically belong 
to the sphere of private enterprise in de
veloped countries are frequently con
fined to the public sector in developing 
countries. The exploitation of mineral 
resources and the development of basic 
industries such as steel, fertilizer and 
cement are common examples. 

Furthermore, in those activities that 
are confined to the private sector the 
Bow of economic resources is by no 
means left to the direction of market 
forces. The geographical dispersion of 
new private investment is controlled by 
the provision of overhead-capital facili
ties in certain regions and their denial 
in others. Problems created by the short
age of foreign exchange are typically 
met by rationing the quantities available 
among various claimants; such allocation 
of foreign exchange is a powerful device 
in directing the Row of private resources. 
Frequently it is supplemented by licens
ing, price controls, the regulation of new 
security issues and other measures. Even 
in Puerto Rico, which probably relies 
on private-largely foreign-investment 
more heavily than almost any other 
underdeveloped area, development is 
stimulated and guided by government. 
Indeed, the government of Puerto Rico 
often builds and finances plants and, 
through the activities of an enterprising 
planning agency, ferrets out economic 
opportunities for private business. 

Government, then, in most underde
veloped countries attempts to do much 
more in promoting economic develop
ment than it is customary for govern
ments in advanced countries to do, and 
much more than it is usually supposed 
governments did in Western countries at 
similar stages of their development. It 

© 1963 SCIENTIFIC AMERICAN, INC



Tying � ith TY_RApTM cable ties 

Clalllping �ith TY-RAP cable ties 

Identifying �ith TY-RAP cable ties 

Has saved over $8,000,000 
Savings from 40% to 60% have been reported by hundreds 
of TY-RAP users who were not satisfied with string, tape, 
or other methods of bundling cable. Case histories are avail

able upon request. 
TY-RAP cable ties are up to six times faster than tying with 
string and provide neater, tighter, better-looking harnesses. 
Write for samples on your company letterhead. 

"Covered by Patents and Patents Pending. 
SOLD COAST·TO·COAST THROUGH T&B AUTHORiZED DISTRIBUTORS 
The Thomas .. Betts Co., Incorporated • Elizabeth, New Jersey 
In Canada, Thomas_� Betts Ltd . •  Montreal 

THOMAS & BETTS 

237 

© 1963 SCIENTIFIC AMERICAN, INC



140 I·" """", ·+ ........ ·· ...... · .. + .. · .. · .... ··1+ \ ................. , .... . 

� 130r-.... -�----+·--+-��4---� 
II 

1:8 (J') 
G 120 1-'\. __ · .. · ... ·+ .. · ...... · .. · ........ ·+ __ 1 ..... _ 

(/) w 
U 
ex 
0.. 
f- 1101-----+"-:----+1 
n: 
o 
0.. 
X 
� 100 I---"""'«---"'-..t-----f----

o 
X w 
o z 90 1--._-.... _+_._.+ .... --.... -

80 �--+-, �--+-�-+----+----

I I I 
70 L __ l... ___ J.. .... .  _ _ __ . ___ L _ .. J.. ___ .....l. ___ ._ 

1951 1952 1953 1954 1955 1956 1957 1958 1959 1960 1961 1962 

TERMS OF TRADE have been unfavorable for the underdeveloped nations. The prices 

of their exports have gone down (black line), while those of the developed countries' ex· 

ports, which they must buy, have been stable (gray line). Fluctuating commodity prices are 
a particular problem. The colored line traces the price index of a commodity group consist· 

ing of cocoa, tea and coffee, which are key exports respectively of Nigeria, India and Brazil. 

is appropriate to ask why this is so 
and if government in many low-income 
countries is not, in fact, attempting to 
do too much. No flat judgment can be 
rendered here. In the first place, the im
pression that governments left develop
ment to private enterprise during the 
"classical" phase of the industrial revo
lution is at least partly an illusion. In 
England, it is true, the government on 
the whole limited itself to providing the 
proper atmosphere and left the rest
including even road building, port 
development and education-to private 
enterprise. This was not true elsewhere, 
however; certainly not in the U.S., where 
government furnished the infrastructure 
and, as in the case of the railroads, pro
vided substantial subsidies from the pub
lic domain for private enterprise. 

Perhaps the foremost example of gov
ernment-stimulated and government
guided development in any private-en
terprise economy is provided by Japan. 
Here the state directed investment by 
establishing publicly owned enterprises, 
undertaking jOint ventures with private 
capital, subsidizing private investment 
and guaranteeing returns, and buying ex
tensively for its own military and civilian 
accounts. In the decade after 1870 the 
state built and operated such diverse en
terprises as mines for coal, copper and 
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gold; iron foundries; shipyards; machine 
shops; model factories for cement, paper, 
glass, sulfuric acid, cotton spinning and 
many others. Undoubtedly the govern
ment's most fruitful contribution to the 
expansion of social capital was in the 
realm of education. The Japanese gov
ernment seems, in fact, to have adapted 
its educational expenditures specifically 
to development purposes. 

The emphasis given in much of the 
underdeveloped world to govern

ment-promoted development is not, 
therefore, without precedent. Neverthe
less, it remains true that these govern
ments are taking a stronger hand in 
development than the governments of 
the now developed private-enterprise 
countries did at corresponding stages in 
their history. In part this is the result of 
objective circumstances that condition 
the current development process; in part 
it is no doubt the product of an ideology 
that differs substantially from the one 
dominant in the early 19th century. 

Foremost among the "objective" con
siderations is the large priority that must 
be given to roads, railways, harbors, 
power generation and distribution, com
munications, irrigation, industrial estates 
and the like. In most developing coun
tries the capital requirements for such 

facilities will account for something like 
50 per cent of the total investment. Al
though private capital used to be avail
able for some of these purposes-foreign 
private capital, for example, financed 
railroad construction, telephone and 
telegraph systems and electric utilities at 
an early stage in Latin-American devel
opment-this is no longer the case. In
deed, existing privately owned facilities 
have been and are being acquired by 
Latin-American governments at a rapid 
rate. In sum, the investment role thrust 
on government in developing economies 
is likely to be a big one. 

Government participation in the trans
fer of technology is also likely to be 
large. The early development of indus
trial technology in the West was under
taken by skilled artisans and tinkerers 
working in the 18th-century equivalent 
of the 20th-century garage, and the ex
ploitation of new techniques went for
ward in the hands of individual and fam
ily firms operating in an environment 
relatively free from government control. 
Now that these techniques have been 
developed, however, they can be bor
rowed. In the borrowing process govern
ment enterprise is not as inappropriate 
as it probably would be in early stages 
of technical development. The modern 
application of these techniques requires 
large-scale units, the financing of which 
lies outside the capability of family-sized 
firms or the pools of private capital 
domestically available in underdevel
oped countries. The transfer of tech
nology through government agencies 
may well be inevitable. Here again the 
Japanese example suggests that in the 
early stages of industrialization large
scale intervention by government can 
facilitate and accelerate the process. 

During the 19th century foreign pri
vate inveshnent and enterprise were the 
overwhelmingly important agencies of 
technical transfer in most underdevel
oped areas. It is still important, and 
dollar for dollar it is probably the most 
efficient form of transfer. But foreign 
private investment finds few opportuni
ties in certain areas, and for various 
reasons it is unwelcome in others. It is 
now extensively supplemented by the 
technical-assistance programs of govern
ments and the technical agencies of the 
United Nations. Currently these pro
grams involve expenditures of at least 
$500 million a year. This type of techni
cal transfer inevitably involves the ex
tensive participation of government in 
the aid-receiving country. 

Much the same sort of thing has been 
happening in the area of capital trans
fer. During the 19th century private 
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investment accounted for all but a 
small fraction of the flow of capital into 
underdeveloped regions. Although some 
of these funds went to finance publicly 
owned utilities, the amounts, as a pro
portion of total foreign investment, were 
small. In 1961, on the other hand, of the 
total flow of $8.75 billion in long -term 
funds from developed to underdevel
oped countries outside the Soviet bloc, 
nearly $6 billion represented public 
loans and grants. (Aid from the Soviet 
bloc to developing countries outside 
comes to substantially less than $1 
billion, mostly in the form of long-term 
loans at low interest rates and payable 
in commodities.) Most of these funds 
were used to finance activities in the 
public sector. This tendency is rein
forced by the fact that the international 
and national lending and granting agen
cies prefer large projects; large projects 
in countries without highly developed 
private enterprise fall in the public sec
tor. Whereas a loan or grant to cover 
the foreign-exchange requirements of a 
development program can and does find 
its way into the private sector, project 
lending for large installations stacks the 
cards against private enterprise of the 
sort that flourishes in most underdevel
oped countries. 

Certain aspects of this massive flow of 
funds deserve closer examination. In 

the first place, the $8.75 billion does not 
include military assistance. Since the set
tlement of the Algerian question almost 
all the funds under this heading have 
come from the U.S. and have been run
ning at an annual rate of $1.5 to $2 
billion. As is well known, these outlays 
tend to be concentrated in the seven or 
eight countries on the perimeter of Asia. 
Military expenditures, of course, com
pete with economic-development ex
penditures as claimants for available 
resources both in the developing coun
tries and in the U.S. aid program. What 
is not so obvious is that expenditures for 
these presumably divergent purposes are 
to a certain extent complementary. Mili
tary roads and bridges are usually avail
able for civilian use. The army in a 
number of developing countries is an 
effective agency for promoting literacy 
and the teaching of useful skills. Al
though military expenditures are likely 
to handicap economic development, a 
certain degree of complimentarity should 
be recognized. 

Of the $6 billion in long-term public 
funds provided by the West to the de
veloping countries in 1961, approximate
ly 90 per cent took the form of bilateral 
aid. Most of the remainder came through 

UN agencies, principally the Interna
tional Bank for Reconstruction and 
Development and the International De
velopment Association. To an increasing 
extent, however, bilateral aid is coming 
under some form of multilateral co
ordination. Consortiums composed of 
various countries and agencies are now 
formed to finance the development pro
grams in India, Pakistan, Turkey and 
certain other countries. Consultative 
groups of various countries belonging to 
the Development Advisory Committee 
with headquarters in Paris are beginning 
to co-ordinate bilateral aid to a number 
of developing countries. The countries of 
the European Common Market now co
ordinate aid to associated overseas areas. 

The U.S. in 1961 provided roughly 60 
per cent of the public funds made avail
able to underdeveloped countries by the 
West. This includes the shipment of agri
cultural surpluses under Public Law 480, 
passed by Congress in 1954. Valued at 
world-market prices, surplus-food ship
ments have been running to about $1.5 
billion a year. For certain countries this 
type of aid is as good as gold. In 
the United Arab Republic, for example, 
where land adapted to wheat cultivation 
is strictly limited, scarce foreign ex
change otherwise available for develop
ment would, in the absence of these food 
shipments, have to be used for food im
ports. In other countries, however, the 
availability of U.S. food surpluses on a 
grant basis may lead to a rate of impor
tation seriously damaging to domestic 
agricultural development. Agricultural 
surpluses are of substantial assistance in 
economic development and their volume 
is likely to increase rather than decrease, 
but these shipments cannot be equated 
dollar for dollar with other types of 
economic assistance. 

The total flow of long-term funds, 
public and private, is of critical impor
tance to the developing world at the 
present stage. Whether or not this flow 
is likely to increase it is difficult to say. 
Foreign private investment could un
doubtedly be stimulated in a number of 
developing countries by a more receptive 
attitude. A diminution in the pace of the 
armament race would in all probability 
increase the flow of public funds. Un
der present circumstances, however, for
eign aid can hardly be described as a 
politically popular undertaking in any 
advanced country. 

Meanwhile, it must be admitted, the 
past decade's decline in the prices of the 
export commodities that earn foreign ex
change for the underdeveloped countries 
has substantially discounted the aid they 
have received. In cocoa, tea and coffee-
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crucial exports of Nigeria, India and 
Brazil-the index shows an average de
cline of more than 30 per cent. 

The objective considerations that tend 
- to bring governments into such a 

prominent role in development are rein
forced by less tangible considerations of 
ideology. In the first place, many of the 
elite now occupying important govern
ment positions in underdeveloped coun
tries were trained in the West during the 
period when 19th-century capitalism, 
with its emphasis on the "rights of prop
erty," was giving way to a "welfare state" 
capitalism, egalitarian in character and 
more concerned with "human rights." In 
their view it is necessary as well as ap
propriate to use the power of the state 
to lessen ine( jualities in the distribution 
of income and to give protection to less 
privileged elements in the population. 

Among the "demonstration effects" of 
the West that impress an observer in 
many underdeveloped countries is the 
prevalence of the demand for sodal serv
ices of all sorts. According to one author
ity, "most underdeveloped countries 
want the blessings of the welfare state 
today, complete with old-age pensions, 
unemployment insurance, family allow
ances, health insurance, 40-hour week 
and all the trimmings." In Western coun
tries a sustained growth in national out
put antedated the spread of social scrv
ices of this type. Throughout most of the 
currentlv underdeveloped world, de
mand for these services here and now 
is all but politicallv irresistible. This shift 
in political values obviouslv assigns to 
government functions that are new and 
fre(juently difficult to administer. 

Although the weakness of the private 
sector in many developing countries 
helps to explain the ascendance of gov
ernment in their economic life, the pres
sure in this direction is fre(juently ac
centuated by a latent hostility to private 
enterprise, particularly foreign privatc 
enterprise . Such hostility is seen in the 
exclusion of private enterprise from cer
tain areas of economic activitv, in the 
preferred position given to public enter
prise when it comes to the allocation of 
scarce foreign exchange, and in the de
tailed and pervasive controls set up to 
assure that no private action conceivablv 
harmful to the public interest, as under
stood by government officials, can take 
place. Perhaps it is not so much a <fues
tion of hostility to private enterprise as 
of :llisplaced confidence in the ability of 
public administrators to direct in minute 
detail the proper course of economic 
activity. 

Ideological predilections in manv un-

derdeveloped countries take the form of 
not very well defined types of local so
cialism. In India one hears of a "socialist 
pattern of society." In the United Arab 
Republic the merits of Arab socialism 
are extolled. In various newly emergent 
African countries people speak of "Afri
can socialism." Without attempting to 
specify the meaning of these. varieties 
of socialism, it can be said that they tend 
to encourage and rationalize the initia
tive of government in the promotion of 
economic development. 

In attempting to acquit the heavy re
- sponsibilities thus assumed or thrust 

on them, the governments of underde
veloped countries espouse planning as 
the preferred, if not essential, develop
ment technique. The record shows, how
ever, that the espousal of planning, from 
country to country, is more eloquent than 
its execution. The plan as it emerges 
from the planning agency may fail to 
win acceptance as a program of action 
by political authority; or, if the plan is 
ratified by duly constituted authority, 
political pressures and interministerial 
rivalries may cause development ex
penditures to dcpart from its prescrip
tions; or the resources and requirements 
as envisioned by the plan may turn out 
to be so remote from actual capabilities 
that the plan loses significance as a set 
of policy directives. 

Examples can be cited in support of 
all these observations. Indonesia has 
never, since its independence, been with
out a plan. But no plan has enjoyed suffi
dcnt political support to have had sig
nificant effect on the course of the eco
nomic development-or nondevelopment 
-of that countrv. Various Latin-Ameri
can countries have framed dcvelopment 
plans but, in the absence of effective 
budgetary control over spending minis
tries, large differences have opened up 
between the word and the act. The 
United Arab Hepublic, which has done 
better than most, operates under a de
velopment plan that calls for a doubling 
of national income in 10 vears. Since 
this target is considerably in excess of 
what Egyptian resources will permit, the 
actual growth rate falls short of the pro
jected rate. The setting of overambitious 
targets, furthermore, has had a demon
strablv adverse effect on the allocation 
of the countrv's domestic and foreign
exchange resources. 

These examples do not constitute an 
argument against planning but against 
confusing the mere existence of a plan 
with effective planning. The assumption 
by government of anything likc a direc
tive role in the economv inevitablv re-
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versities . . .  suburban location in 

beautiful Connecticut, close to 

many cultural and scientific cen

ters. 

To arrange an entirely confidential in

terview, please send your resume ( in

cluding reference to present salary) to 

Mr. C. E. Ripley . . .  

Ham i lton 
Standard 

U 
DIVISION OF UNITED i=iRAFT CORPORATION 
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Windsor Locks, Connecticut 
An Equal Opportunity Employer 

quires some sort of planning. The plan 
may be limited to the establishment of 
priorities in public investment and of 
some consistency in the policies affecting 
the private sector. Indeed, in this limited 
sense of planning, the U.S., like Moliere's 
prose-speaking Frenchman, has been 
planning throughout its national life. 
The underdeveloped countries go further 
than this. It seems clear that wherever 
government deliberately seeks to accel
erate the rate of development, effective 
economic planning is an essential part 
of the process. 

The planners' principal concerns are 
three : How to increase the amount and 
quality of resources available for eco
nomic development, how to allocate 
public investment among the various 
development projects in the public sec
tor and how to stimulate private produc
tion within the bounds established by the 
objectives of the development program 
as a whole. With respect to the first of 
these concerns, the expansion of re
sources available for investment involves 
not only the limitation of consumption 
in favor of savings but also, over a period 
of time, the direction of investment into 
the most productive channels. Under 
private enterprise this is the traditional 
function of market incentives. In under
developed economies, where public in
vestment is so large a part of the total, 
the establishment of investment priori
ties becomes perhaps the central task of 
planning. 

planning agencies are of course ad-
visory to political decision makers, 

and it goes without saying that planning 
will inevitably reflect the political char
acteristics of the government being ad
vised. A totalitarian government may be 
able single-mindedly to pursue an ob
jective at variance with the desires of 
a majority of the population. A demo
cratic government could not follow such 
a course of action for long. Moreover, 
the structure of the governmental insti
tutions, the class composition of the 
population and the competition of spe
cial interests will ineVitably affect the 
character of the plan. All of this does 
not mean that democratic planning must 
be an economically irrational compro
mise of divergent political pressures. 
But it does mean that economic calcula
tions operate within a fairly severe set 
of limitations. 

A single-minded concern with eco
nomic growth might dictate an exploita
tion of economic opportunities in the 
order of their prospective social rates of 
return, but political influences may urge 

a geographically "equitable" dispersion 
of public investment. The economic cal
culus may indicate a thoroughgoing pro
gram of land reform as one of the most 
promising steps toward economic de
velopment. But political realism intrudes 
to suggest a policy of the second best. 
Confronted with severely limited re
sources, the development planners may 
be compelled, as in Nigeria [see "The 
Development of Nigeria," page 1 68 ] ,  to 
pare down the allocation to social serv
ices and to primary education in favor 
of "productive" investment and techni
cal training. 

The fact that political forces "choose" 
objectives other than that of maximiz
ing the rate of economic growth does not 
make these choices irrational . Even from 
the point of view of economic growth 
a geographical distribution of public 
funds dictated by political expedience 
may be desirable if such a distribution 
contributes to political stability. There 
are, moreover, national planning objec
tives apart from economic growth. The 
political process not only sets limits to 
economic calculation but also impinges 
on planning in more positive ways. A 
government strongly committed to eco
nomic development and enjoying the 
support of the governed can release and 
organize human effort that has not previ
ously been put to effective use. Some
thing like this was accomplished by the 
Japanese in the late 19th century, and 
something like it may be in the process 
of accomplishment in present-day India.  

In those democratic underdeveloped 
countries that have been making sub
stantial economic progress the major dif
ficulties lie not in the interference of po
litical interests with economic calculation 
nor in the quality of the economic analy
sis itself but rather in the fact that the 
administrative machinery has lagged be
hind development plans. A due regard 
for this limitation would hold down the 
size of the public investment program to 
dimensions capable of effective manage
ment; it would counsel against the im
position of controls whose execution is 
outside the competence of existing pub
lic services; it would emphasize the 
importance of necessary changes in gov
ernment procedure. 

To recite the mistakes, difficulties and 
limitations of the planning process in 
various developing countries is not to 
argue against planning as an essential 
technique of development. There are 
important objective reasons as well as 
ideological reasons why the role of gov
ernment in planning and promoting 
economic development must be large. 
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[ SYSTEMS ENGINEERING ] 

New- Challenge for RAC 
New- Opportunity for YOU 

The Research Analysis Corporation has embarked on a 
broad-scaled, nationally-significant systems engineering ef
fort-creating a ground-floor opportunity for scientists and 
engineers who are equal to a challenge of the first mag
nitude_ 

The Systems Engineering Directorate is concerned prin
cipally with engineering evaluation of military equipment 
for the defense establishment. Emphasis is on the poten
tial applications of new and advanced weapons concepts, 
both to Remote Area Conflict and to the more "conven
tional" conflict situations. 

Professional staff members of the six research Divisions 
within the Directorate will ( 1 )  take part in long-term tech
nical planning and forecasting, (2) examine officially
stated hardware requirements critically from a technologi
cal standpoint, (3)  develop new ideas for hardware 
programs, (4) evaluate current development programs 

. :, '1 s , 

from a technological standpoint, and ( 5 )  evaluate present 
field equipment. Division study areas encompass combat 
materiel, missiles, vehicles and propulsion, aircraft, com
munications and electronics, and advanced technology. 

We seek experienced systems engineers with advanced 
degrees in a physical science or engineering to fill many 
career posts created by the establishment of this new RAC 
activity. Your assignments will often be of immediate and 
major importance to the national purpose . . .  and your 
growth opportunities and rewards will be as substantial as 
the contribution we expect from you. Please send your 
resume to Mr. John G. Burke, Professional Staffing, Re
search Analysis Corporation, 6935  Arlington Road, Beth
esda 14, Maryland (residential suburb of Washington, 
D. G).  RAC is an equal opportunity 
employer. • i W" 

Research Analysis Corporation 
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"If you've go t a 
microwave problem, 

the solution may b'e right 
here in  R & D. We spen 
a lot of time and talent here at Bev 
to maintain our lead position in micro
wave research. Take our work in solid state, 

for example : R & D in varactor diodes gave 

us our' basic bui lding - block corpponent,  one you 

can adapt to many new produCL�. Our customerSj; 
, 

% 

expect Varian to provide the most advanced cornl� 
ponents for their applications . That's wHy we a'r� 

>, 'W�h% 

intqpsely interested in explo�ing new ideas for usirhl 
?f 

semiconductors in mic[O\vave Qircuits . !VIy pointe 
in all this ? If we >icel a new appi]�ach will have 

;t 

advantage for you , then we d�>�� hesit;;tte to 

forward a full Tesearch efFort. what V 

has always done, and , ., it's  wha 

Kurt Gsteiger, Research 

H/I, LLI-H,.l . Beverly, Massachusetts. 
,I; 
%, 
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APPLIED AND 
BASIC RESEARCH 

PROJECT ENGINEERING 
SERVICES 

in CRYOGENICS • heat transfer 
• systems design • instrumentation 
• equipment design and development 
• equipment and prototype fabrica-

tion. 
Ryan with its engineering and fab
rication leadership in Cryogenics 
now offers its expanded engineering 
facilities. to handle your problems 
in cryogenics and related fields. 

Write tor teebnieal liter.ature. 
ENGINEERING· SERVICES DIVISION 

RYAN INDUSTRIES, INC. 
886 East 70th St. • Cleveland 3, Ohio 

SEMI-ELEMENTS, INC. 
__ e __ 

LEADER in Rese�rc!J and Supply 
of SINGLE CRYSTALS 
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__ e __ 

LEADING Supplier of 
Gas Laser Systems 

WORLD'S ONLY I'1I.0DUCEIt OF 
IRASER MATERIALs 

__ e __ 

LEADER of 
Ultra High Purity Chemicals 
DEVELOPER OF 

e SE·SAF SELECTO* 
Glasses for eye protection 
in Laser Beam work 

e SEPELLETS* 
Pelletized dehydrators 

• SEMGO* 
Single Crystals Crucibles 

*Trademark 

emi -elements, inc. 
Saxonburg Boulevard, 

Saxonburg, Pa. 
Phone: 412-352-1548 

MATHEMATICAL GAMES 
How to solve puzzles by graphing 
the rebounds of a bouncing ball 

by Martin GlIrdner 

T
hroughout recorded history the 
bouncing ball has been indispen
sable equipment for a dazzling 

variety of ind<;>or and outdoor sports. 
Games exploiting it range from the 
child's simple bouncing of a rubber ball 
("One, two, three O'Lary ... ") to sports 
such as tennis, handball and billiards in 
which the ability to judge angles of in
cidence and reflection is essential to a 
player's skill. 

The balls 
shine round and clear, quick blobs 
of color on faultless fields, 
where rapid vengeance rolls 
and clicks, returns 
or poorly fudged, deflects 
to pass an'd spend itself in motion 
rebounding gingerly from cusbions ... 

"B.A. (Billiard Academy) ," 
by Herman Spector 

1 1 
11-PINT VESSEL 11 4 4� 11 � � 
7·PINT VESSEL 0 7 0 4 4 7 

1 1 

Mathematicians and physicists are 
notoriously fond of pool and billiards. 
It is easy to understand why. The gin
gerly rebounds within faultless fields can 
be precisely calculated. Lewis Carroll, 
who taught mathematics at the Universi
ty of Oxford, enjoyed playing billiards, 
particularly on a cirCttim table he had 
made for himself. A much prized collec
tor's item is the first edition of a two-page 
leaflet, published by Carroll in 1890 and 
never reprinted, that explains his rules 
for this game. 

Hundreds of recreational problems 
concern the rebounds of elastic balls 
within perimeters of various shapes. 
Consider, for example, the following olel 
puzzle: You have two vessels with re
spective capacities of seven and 11 pints. 
Beside you is a large tub of water. Using 
only the two vessels (and excluding all 
dodges such as marking the containers 
or tilting them to obtain fractional 
amounts), how can you measure exactly 
two pints? 

The question can be answered by trial 
and error or by applying various alge-

1 1 8�1 1 0 11 �5 5 0 11 9 9 2 
� � � � 0 7 0 7 0 5 5 7 0 7 

1 1 1 
Grnph "nd 18·step sO/lltion of (f Uqltic/,poltring problem 
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CAMPEX CQRP.1963 

What took on-the-job training away from the job? AMPEX VR -1500 

The Ampex VR-1500 is a low-cost portable television re

corder/reproducer that converts a closed circuit television 

system into a powerful industrial training tool. With the 

VR-1500 you put to work the remarkable versatility of 

magnetic tape. It's the most advanced way yet to imple

ment on-the-job training. You can train new employees 

and instruct older employees in new skills and methods. 

It will help you teach safety procedures, demonstrate new 

equipment, facilitate sales training and management de

velopment programs. You can produce your own training 

material at any desired location. And it can be produced 

expertly by your own training personnel to meet exact re

quirements. By using the VR-1500 as a training tool you 

save time and money. There's no costly developing; you 

can play back tapes immediately. They're easily stored 

and can be used time after time. And recorded material 

can be erased and new material recorded. For more infor

mation about the VR-1500 write to Ampex Corporation, 

Redwood City, California. (Ask for Bulletin 1524.) Term 

financing and leasing available. Worldwide sales, service. 
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Graph of Tartaglia's puzzle 

braic procedures. What has all this to do 
with bouncing balls? Surprisingly, Iiquid
measuring puzzles of this type can be 
solved easily by graphing the paths of 
balls bouncing inside rhomboidal tables! 
(The method, using what topologists call 

a "directed graph," was Rrst explained by 
M. C. K. Tweedie in The Mathematical 
Gazette of July, 1939.) The cushions of 
such tables are best drawn on isometric 
graph paper: paper with a lattice of 
equilateral triangles. In this case the 
sides of the table are seven and 11 units 
[see illustration on page 248].  Readings 
on the horizontal axis represent the 
amount of water in the ll-pint vessel at 
any time and readings on the vertical 
axis tell how much water is in the seven
pint vessel. 

To use the graph, imagine a ball at 
point 0 in the lower left corner. It travels 
to the right along the base of the rhom
boid until it strikes the right-hand cush
ion at a point labeled 11 on the base 
line: the ll-pint vessel has been Riled 
and the seven-pint container remains 
empty. After bouncing off the right-hand 
cushion the ball travels up and to the left 
until it hits the top cushion at point 4 
on the horizontal co-ordinate and on the 
seventh line on the side co-ordinate. This 
plot indicates that seven pints have been 
transferred from the ll-vessel to the 
7 -vessel, leaving four pints in the larger 
vessel. 

If you continue to follow the bounc
ing ball until it strikes a point marked 
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Graph for vessels of volumes 7, 9 (/l1d 12 

2, keeping a record of each step, you will 
obtain the IS-step answer shown below 
the graph. Slanting arrows indicate that 
water is poured from one vessel into 
another. The vertical arrows show either 
that the 7 -vessel is being emptied into 
the tub or that the ll-vessel is being 
Riled. 

Is this the shortest answer? No; an 
alternative procedure is to begin by Ril
ing the 7-vessel. This is graphed by start
ing the ball at the 0 point and rolling it 
up along the table's left side. If the read
er traces the ball's path until it strikes 
a 2 point, keeping a record of the steps, 
he will Rnd that his ball computer 
bounces out a solution in 14 steps-the 
minimum. 

With a little ingenuity one can de
vise ball-bounce computers for any 
li quid-pouring puzzle in which no more 
than three vessels are involved. Consider 
the oldest of all three-vessel problems, 
which goes back to Nicola Fontana, the 
16th-century Italian mathematician who 
called himself Tartaglia ("The Stammer
er"). An eight-pint vessel is RIled with 
water. By means of two empty vessels 
that hold Rve and three pints respec
tively, divide the eight pints evenly be
tween the two larger vessels. The graph 
for this problem is shown at the left 
above. Here the eight-pint vessel is rep
resented by a line paralleling a main di
agonal of the rhomboid. The ball begins 
as before in the 0 corner. It is easy to 
trace a path that computes the minimum 

solution, which requires seven opera
tions. 

When the two smaller vessels have no 
common divisor and the third vessel is 
equal to or greater than the sum of the 
smaller vessels, it is possible to measure 
out any whole number from 1 to the ca
pacity of the middle-sized vessel. For ex
ample, with vessels of 15-, 16- and 31-
pint capacities one call measure any 
quantity from 1 to 16. This is not possible 
if the two smaller vessels have a common 
divisor. A graph for vessels of 4, 6, 10 
will not bounce the ball to any odd num
ber, and vessels of 3, 9, 12 will measure 
only the quantities 3, 6, 9. (In both cases 
only multiples of the common divisor can 
be measured.) If the largest vessel is 
smaller than the sum of the other two, 
there are further limitations. For exam
ple, vessels of 7,9, 12 require that a cor
ner of the rhomboidal graph be sliced off 
[see illustration at right above] .  The 
bouncing ball will measure any quantity 
from 1 to 9 except 6. Although 7 and 9 
have no common divisor, the smallness 
of the third vessel makes it impossible 
to obtain 6. 

When the largest vessel is larger than 
the sum of the other two, the graph con
tinues to be applicable. The reader may 
enjoy applying it to the following varia
tion of Tartaglia's problem, as posed by 
Sam Loyd on page 304 of his famous 
Cyclopedia of Puzdes. (This is one of 
the puzzles for which the Cyclopedia 
fails to furnish an answer, a fact that may 
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Improved communications techniques by Motorola are reducing 
the delay between advanced semiconductor developments and full-scale 

utilization by industry, thereby ... 

Telescoping Education 

J n a little more than a decade, transistor technology has 
reached a level of development achieved by the vacuum tube 
only after the better part of half a century. And today, even 
before equipment manufacturers have had time to complete 
the switch from tubes to transistors, we stand on the thresh
old of a new technology - Integrated Circuits - which 
promises to have an even more drastic effect on the elec
tronics industry. 

The time cycle for this newest technical evolution, how
ever, will depend largely upon the speed with which the 
equipment manufacturer attains the necessary know-how to 
utilize integrated circuits. 

Although much has been written about advancements in 
integrated circuits, the added equipment reliability, perform
ance, size and weight reduction, and cost savings to be ex
pected from them, the fact remains that the ability of the 
design engineer to envision their use and to properly plan 
for future developments in his field depends upon his attain
ing a clear and thorough knowledge of integrated circuit 
technology. To evaluate progress being made, he must have 
an understanding of the techniques used by the integrated 
circuits manufacturer. the problems that can arise, and, of 
course. the practicalities of the present state of the art. 

A BOLD SOLUTION ... 
On Friday, July 12. 1963. more than 160 top level engi

neers representing major industrial and military electronic 
equipment manufacturers in the United States and Europe 
left their respective laboratories and offices to converge on 
Phoenix, Arizona. The object: to take part in an integrated 
circuits program designed to telescope the educational lag 
in this new technology. 

The course, sponsored by Motorola, marked the first 
known instance of a company in the highly competitive semi
conductor industry extending a blanket invitation to learn 
how integrated circuits are produced and how to design for 
this technology. 

Invitations to attend the course. made initially by per
sonal letter from Dr. C. L. Hogan, Manager of Motorola 
Semiconductor Products Division, to the company's cus
tomers. and later by general advertisements, were greeted 
with widespread enthusiasm intermixed with skepticism. 
Would any company truly reveal not only the detailed results 
of its research, but also its actual production methods? 

At Motorola's Semiconductor plant this question was 
answered decisively by a directive from Dr. Hogan: 

To All Departll1ent Heads and Managers of the 
Jlllegrated Circuits Effort: Effective immediately, all 
projects that do not influence contractual obligations 
wil! he intermpted or pas/paned pending the com
pletion of an integrated circuits course comprehen-

sively detailing the state-of-the-art. Each manager is 
responsible for a lectllre session plus supplementary 
written material on a level similar to that of an indoc
trination course jar a key new employee in his own 
department. 

The result of this directive was a comprehensive inte
grated circuits program whose scope and effectiveness 

exceeded the most optimistic expectations of the participants 
as well as those of the initial planners. 

Comments by those who attended speak favorably of this. 
program ... comments such as "a unique textbook that will 
be talked about for months to come ... ". " ... this part of 
the course could probably not have been done by any other 
company working in the field", " ... by far the best compila
tion of information concerning the technology". 

Of special interest is the philosophy behind such a bold 
undertaking ... a philosophy dictated by the phenomenal ac
celeration of space age scientific developments and recog
nition of the fact that industrial progress is hampered more 
by ineffective communications than by the time required to 
prove new theories or develop new processes. 

Contends Dr. Hogan. "The era of integrated circuits has 
already passed from the research phase to the production 
stage and heralds a revolution in the electronics industry un
matched even by the invention of the transistor." 

"But what good are the potential benefits, what good is 
the capability of making integrated circuits, if the know-how 
required for their effective utilization is bottled up within the 
confines of a few semiconductor manufacturers ? Only by 
disseminating information on new developments as quickly 
as possible to the equipment manufacturer can we achieve 
the rapid and widespread implementation of this new art and 
thus be of greatest benefit to the industry and, in the process, 
to ourselves." 

This Motorola credo did not begin with the integrated 
circuits course. Handbooks on Power Transistors and Zener 
Diodes and Rectifiers published while these devices were still 
in their infancy, have become standards in the industry. A 
newly published High-Speed Switching Transistor Handbook 
provides a new insight into the problems of high-speed tran
sistor switching circuit design. Various applications semi
nars, conducted by teams of Motorola's semiconductor 
experts , are heavily attended. 

Motorola believes these educational efforts are a vital part 
of its responsibility to industry. 

MOTOROLA 
Se,"/concluc�or Procluc�s Inc_ 
A SUBSIDIARY OF MOTOROLA INC. 

P.O. BOX 955 • PHOENIX. ARIZONA 85001 
83.061 
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Packard Bell Electronics' 
Saturn Automatic Checkout System 

How the Friden Flexowriter® controls 
its man-machine communications 
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By Jerry Slocum, Manager, Elec
tronic Engineering Section, SATURN 
Systems, Packard Bell Electronics, Los 
Angeles, California 

"The SATURN Automatic Checkout 
System built by Packard Bell Elec
tronics is a computer controlled sys
tem used for factory checkout of the 
SATURN I booster. The first system 
has been delivered to NASA's Quality 
Assurance Division at Marshall Space 
Flight Center, Huntsville, Alabama. 

"The system consists of a Central Com
puter Complex, containing a Master 
Control Console and multiple PB 250 
Computers in a master-slave relation
ship; and satellite test stations each 
having the capability of stimulus gen
eration and response measurement of 
a functional portion of the space ve
hicle and its ground support equipment. 

"At the Master Console a Friden Flexo
writer provides direct connection to any 
computer in the Complex. The Flexo
writer is used for the normal paper tape 
and typewriter data communications 
with any PB 250 as if it were an off-line 
computer. 

"The majority of operator communica
tions with the system are provided by 
Flexowriters located at each test sta
tion and by an additional (buffered) 
Flexowriter located at the Master Con
trol Console. These Flexowriters are 
an integral part of the man-machine 
relationship necessary for the success
ful operation of a complex automated 
system. 

"The Satellite Test Station Flexowriters 
and the buffered Flexowriter at the 
Master Console participate in all three 
modes of operation of the Automatic 
Checkout System. 

FJexowriter is a Registered Trademark 0/ Fridell, fllc. 

"In the automatic mode, under com
puter control, the Flexowriters provide 
such things as hard copy outputs of 
test results; tabulation of GO and NO

GO measurements with their identifi
cation points; type out of test progress 
and type out of the actual test steps 
being executed; and type in and type 
out of operator instructions where 
manual intervention is required. 

"In the manual mode, the test stations 
are off line from the computer complex 
and the Flexowriters are the sole means 
of command communication with the 
test station. They provide means for 
manual data entry via the keyboard or 
the Flexowriter Tape Reader, and allow 
such operations as manually single step
ping through a program routine; con
tinuous cycling for maintenance pur
poses; and the manual exercising of 
various system devices for confidence 
check of hardware and programming. 

"In the single step mode, the Flexo
writers aid in the detailed de-bugging 
of either programs or hardware by 
allowing manual data entry in combi
nation with the single step sequencing 
provided by the test station. 

"[n addition to their function as in
tegral test station devices, means are 
provided for easily switching the Flexo
writers to off-line operation for the 
more conventional usages such as typ
ing, preparing program tapes, and re
generating existing tapes." 

The versatility ot the Flexowriter as 
an input-output medium, a data-lister 
and data-sorter, make it an invaluable 
tool in the design and operation of any 
control system. To fully investigate the 
Flexowriter's versatility, call your local 
Friden Systems man. Or write: Friden, 
Inc., San Leandro, California. 

And, should you now be using the 
Flexowriter in an application you 
lVould like to share with your fellow 
engineers in these pages, just write and 
tell us about it. Address 

F . d your application story II en to Mr. George Beeken. 

Sales, Service alld Instruction Throughout the World 

explain why the puzzle has never been 
reprinted. ) 

Some U.S. soldiers managed to "cap
ture" a lO-gallon keg of beer. "They 
naturally sampled a part of it," writes 
Loyd, making use of three-gallon and 
five-gallon containers. The rest of the 
beer was carried back to camp in three 
equal portions-one in the keg and the 
other two in the two containers. How 
much did they drink and how did they 
measure the remainder into three equal 
parts? The best solution is the one with 
the fewest steps for the entire procedure. 
Each step, including the drinking opera
tion, involves an integral number of gal
lons, and it is assumed that no beer is 
wasted by being tossed out. Next month 
we will give the answer and show how 
to obtain it with the bouncing ball . 

The reader will find it entertaining 
to experiment with vessels of various 
sizes, using the ball computer to ex
plore all that can be done with them. 
For more information about the tech
nique, including its extension to four 
vessels by means of tetrahedral graphs, 
the interested reader is referred to two 
fine articles by T. H. O'Beirne in the 
New Scientist of June 22 and 29. 1961. 

A different type of ball-bouncing prob
lem is that of finding cyclic paths along 
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The award of the LEM engine contract puts STl in 

the forefront of extra-terrestrial propulsion technol

ogy. It creates definite ground floor opportuni

ties for engineers and scientists with experience in 

Liquid Engine Design, Development and Test, Com

bustion and Injection Research and Development, 

Liquid Engine Feed System Design and Development, 

Valve Technology, Rocket Engine Test and Develop
ment. For information about STL positions in 

Southern California or Cape Canaveral, write Pro

fessional Placement, One Space Park, Dept. J9, 
Redondo Beach, California, or P. O. Box 4277, Patrick 

AFB, Florida. STL is an equal opportunity employer. 

tf!l SPACE TECHNOLOGY LABORATORIES, INC. V, a subsidiary of Thompson Ramo Wooldridge Inc. 

LOS ANGELES' VANDENBERG AFB' NORTON AFB, SAN BERNARDINO' CAPE CANAVERAL ' WASHINGTON, D.C. • BOSTON' HUNTSVILLE' DAYTON ' HOUSTON 
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miniature 
all purpose calculator 

Weighs only 8 oz. 

T HE CURTA IS A PRECISION 
CALCULATING MACHINE FOR 
ALL ARITHMETICAL OPERATIONS 
Curta adds, subtracts, multiplies, divides, 
square and cube roots, continuous multi
plication, negative multiplication, standard 
deviations and all statistical calculations, 
squares and higher powers, co-ordinates and 
associated land survey formulae, and every 
other computation arising in science and 
commerce . Available on a trial basis. 
Price $125.00. Write for literature. 

CURTACOMPANV 
DEPT. SA9 P. O. BOX 3414 

VAN NUYS, CALIFO�NIA 

A number of 

SENIOR VACANCIES 
exist for well qualified people in the 

EXPLORATORY·RESEARCH 
DIVISION 

of a major British 

ElECTRONICS RESEARCH 
LABORATORY 

affiliated with a large American company. 

The vacancies exist in various groups 

and require specialists in 

PHYSICS; CHEMICAL PHYSICS; 
PHYSICAL AND INORGANIC 

CHEMISTRY; 
DIGITAL OPTICS AND CIRCUITRY. 

Represclltati,"es of the Company are expected 

lu he in the U.S. to inten"iew selc(oted 31)pliculltS 

in the early faJl: alterllutively all applit"ant \'isil
inl! Uritaill ill the near future lIIay he iu\"ited 

to their lUoc.Jern lahoratories. 

Details of these \'unllldes will he forwarded lu 

all polculially suitahle apllliclllllS on receipt 

of 1I resume. 

U" ritf' (II once (0:-
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The Scientific Director. 

c/o AUSTIN KNIGHT LIMITED. 
illcon}orofed P{,/cfitiQners ill AdrerfisillY, 

John Kirk House, 31-32, John Street, 
London, w.e.1. England. 

which a ball can bounce forever inside 
a polygon, always tracing the same path 
and hitting each side only once in each 
cycle. Such problems can be solved by 
using the powerful technique of mirror 
reflection. A table in the shape of an 
e(luilateral triangle provides a simple 
example. Suppose we place the ball at 
the spot shown in the upper part of the 
illustration on page 252. We wish to 
drive it against side B-C so that it re
bounds, hits side A-C, then returns to its 
original position on side A-B. The path is 
easily found by mirror-reflecting the tri
angle twice, both times along a different 
side, as indicated by the broken lines_ 
The straight line from the ball to its last 
mirror reflection traces the desired path. 
We have only to reflect the two broken 
triangles back onto the original one. This 
can be done physically by drawing the 
triangles on tracing paper and ruling a 
heavy line from baH to ball. Cut out the 
figure, then fold the triangles into a sin
gle triangle. Each fold is a mirror reflec
tion. Hold the folded triangle up to a 
light and you will see the cyclic path as 
in the lower part of the illustration. 
If we add the furthel restriction that 
each segment of such a path must be the 
same length, it is easv to see that there 
can only be one solution: the path that 

B A B 
7' 

o e / 
/ 0 e 

/ 
A B A 

D e 

� 
A B 

Eql.lal·:;egntent path in (l square 

joins the mid-points of the three sides. 
The same procedure will find cyclic 

paths inside other polygons. The illus
tration above shows a square reflected 
along three different sides, and the col
ored line is its onTy cyclic path with seg
ments of equal length. 

At this point two interesting questions 

I I I 
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Solution to Lewis Carroll's cube·and-ball problem 
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2980 TESTS. Because the deep-sea cable and repeaters Western Electric makes 

for the Bell telephone network would be prohibitively expensive to replace on 

the ocean floor, each part must be made to function perfectly for a minimum of 

20 years. How? Consider submarine repeater tubes. Each tube must pass an 

exhaustive series of 2980 tests including: electrical and gas leakage, modula

tion equivalent noise resistance, power output, vibration noise, interface im

pedance, interelectrode capacitance, and sputternoise tests. Definitive perform

ance records are kept for each tube. The resulting "biographies" - after seven 

months of aging and testing -are sent to a selection committee so that sets of 

perfect tubes, with matching characteristics, can be chosen for proper place

ment in the underseas repeater circuit. Such demanding quality standards within 

its manufacturing and supply unit help the Bell System provide dependable com

munications services unmatched throughout the world. WESTERN ELECTRIC 
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MODERN EFFICIENCY-MINDED LABS are turning to corro

sion-resistant Nalgene® labware. Strictly a product of twentieth cen

tury research and technology, plastic.labware has really come of age. 

Not only less costly than glass, but endowed with superior qualities 

. . •  unbreakable, lighter-in-weight and ever-so-much safer. They're 

so easy to handle, and shatter-proof. Nalgene wash bottles, for in

stance, have many unique design features. Blow-molded, with dis

pensing tube set in a boss on the shoulder of the bottle. Tip the bottle, 

the tube is always in the fluid. Fill the bottle, tubing is not exposed to 

contamination. Use Nalgene plastic labware, available in a multitude 

of items. See how really efficient a 
• 

laboratory can be. A�k your laboratory 

: NA' ,GENE supply dealer or wnte for your copy L� � 
of Catalog L-962 Dept. 2533, The Nalge � LABVVARE 
Co., Inc., Rochester 2, New York. Leader in quality plastic labware since 1949 
You're invited to visit our Booth No. 405. Chemical Exposition U. S. A. 1963, The New York 
Hilton, Sept. 10·12. 
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Model showing path inside a cube 

arise. Are there cyclic paths with equal 
segments inside the solid analogues of 
the square and equilateral triangle: the 
cube and tetrahedron? The ball is as
sumed to be an idealized elastic particle 
(or a light ray inside a solid with interior 

mirror surfaces), taking straight paths 
in zero gravity and bouncing off the 
sides in the usual manner: with equal 
angles of incidence and reBection on a 
plane perpendicular to the side against 
which it bounces. The ball must strike 
each face only once during the cycle 
and travel the same distance between 
each consecutive pair of bounces. (Strik
ing an edge or corner is not regarded 
as striking the faces meeting at that edge 
or corner; otherwise the cube problem 
would be solved by a ball moving back 
and forth between two diagonally oppo
site corners.) 

Warren Weaver, in one of his many 
articles on Lewis Carroll, has disclosed 
that the cube problem is found among 
Carroll's unpublished mathematical 
notes. It is the sort of problem that would 
appeal to the inventor of circular 
billiards. Actually the notion of playing 
billiards inside a cubical "table " is not 
as farfetched as it might seem. With 
gigantic space stations perhaps only a few 
decades away it takes no great prophetic 
ability to foresee a variety of three
dimensional sports that will take advan
tage of zero gravity. Pool adapts neatly 
to a rectangular room with cushion 
walls, Boor and ceiling, corner pockets 
and balls numbered from 1 to 35 that are 
initially arranged in tetrahedral forma
tion. Of course, there would be difficul
ties. Air resistance offers much less fric
tion than the felt surface of a pool table 
does. If the tetrahedron were broken by 
a fast cue ball, entropy would increase 
at a rapid rate. It would be hard to keep 
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Scientists and 
Engineers 

Got a Couple of Minutes? 

Lockheed-Georgia Company is 

known for its aircraft production. In 

the span of a short dozen years, its 

bombers, cargo transports, corporate 

jetliners and skill at modification to 

up-date aircraft have won a world

wide reputation for quality workman

ship and reliable products. 

But almost as if they didn't want 

anyone to know-this same Lockheed

Georgia Company has been building 

quietly a Research Community right 

here on the expanses of the world's 

largest Aircraft facility. 

And this Research activity is ex

panding and growing. 

Founded with a vision of flexibility, 

Research at Lockheed-Georgia is di

vided into four areas: 

Physical Sciences: This is the basic 

research. Lockheed-Georgia research 

"cut its teeth" on nuclear physics. In 

work currently is research of genera

tion of electrical power by use of iso

topes; thermodynamic research in 

cryogenics, solid physics, fluid dy-

investigation is paramount in this area 

today, seeking to fathom sensitivity 

and fatigue problems in the super 

strength metals. 

Mathematical Research: With the 

most modern computers at their beck 

and call, researchers at Lockheed

Georgia seek to reduce the cost of trial 

and error attempts of optimization 

with mathematical simulation of sys

tem components. They practice intel

lectual model making which Max 

Planck described as "the secret of 

scientific progress." 

Systems Research: Navigation, 

communications at hypersonic speeds, 

namics, investigation of advanced a n d  Hu m a n  F a c t o r s  a r e  areas in 

Yes, it's quite a nice Research 

Community at work at Lockheed

Georgia here in the focal point of the 

Southern Crescent of aerospace ac

tivities. A new frontier for Science and 

Technology in a land where the living 

itself provides inspiration and relaxa

t i o n  f o r  a ma n w i t h  i d e a s  ab out 

Tomorrow. 

This only took you a couple of 

minutes. Why don't you contact us to 

fi n d  o u t  m o r e  ab o u t  L o ckheed

Georgia. 

Write to: Thomas I. Thrasher, Professional 

Employment Man ager, Lockheed-Georgia 

Company, 834 West Peachtree Street, Atlanta 

8, Ga., Dept. HHSO. 

principles of nuclear and ionic pro- which Lockheed-Georgia has a recog- Lockheed-Georgia Company 
pulsion. nized ability. Life sciences and human A Division of Lockheed Aircraft Corporation 

Material Sciences: Metallurgical engineering are other fields. An Equal Opportunity Employer 
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D1G£ST OF 
-

170 
-

OPPORTUNITIES 

Projecting technical programs three to five and more years ahead is not unusual in the engineering 
environment. This same time projection should hold in planning the direction of your career. To 
help you determine the most advantageous path in the future, Sylvania Electronic Systems has 
prepared a "Digest of 170 Job Opportunities" which lists current openings and encompasses a 
majority of the advanced areas in electronics today. 

The diversity of professional manpower requirements described in this "Digest" include: research, 
design, development, systems engineering, advanced research and program management. They 
cover the areas of communications systems; data processing and display; detection, tracking and 
missile defense systems; electronic warfare; and navigation, intruder warning and reconnaissance 
systems. 

At Sylvania Electronic Systems you will find the atmosphere professional - with small informal 
groups emphasizing the individual contributor at all 19 collaborating laboratories. Geographic 
locations: Eastern Operation (Suburban Boston!; Central Operation (Suburban Buffalo); Western 
Operation (San Francisco Peninsula>. Operations serving the entire Division are: Applied Research 
Laboratory; Product Support Organization; and Systems Engineering and Management Operation. 

To help put your career in perspective with tomorrow, complete and mail this coupon, now. 

G=��===���
---------I 

I Sylvania Electronic Systems 
Division of Sylvania Electric Products Inc. I 

I 40 Sylvan Road-Waltham 54. Mass. I 
I 0 Please send me a copy of Sylvania's I "Digest of 170 Opportunities" 

I 
An Equal Opportunity Employer 

I 
Name'� ______________________________________________________ __ I Address I 

I City Zone ___ State I Geographical Preference: Boston Buffalo San FrancIsco _____ _ 

I BS in , 19_; MS in 19_; I 
I PhD in , 19 ___ My specialty area is: I 
I I --------------------
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out of the way of balls flying about in 
random directions like the molecules of 
a gas in thermal equilibrium! 

But back to Carroll's problem. The 
reflection technique used with squares 
can be applied to cubes. Five reflections 
are required and the colored line in the 
bottom illustration on page 254 traces 
the desired path. It is one of four differ
ent paths, identical in shape, that solve 
the problem. (If all six faces of the cube 
are ruled into nine smaller squares, each 
path touches every face at one corner of 
the central square.) The illustration on 
page 256 shows a cardboard model 
that demonstrates the path after the six 
cubes have been "folded" into one anoth
er. The cord is held in place by passing 
loops through small holes and securing 
them on the outside with pegs made of 
wood. If you think of the cube as 
being formed of 27 smaller cubes, you 
will see that every segment of the path 
is a diagonal of a small cube. Each seg
ment therefore has a length of 1/",/3 on 
a unit cube. The path's total length 
is 2",i3. 

As far as I know, Roger Hayward, 
who illustrates "The Amateur Scientist" 
in this magazine, was the first to find 
this solution. (He published it in Recrea
tional Mathematics Magazine of June, 
1962.) The shape of the path, he writes, 
is known to organic chemists as a "chair
shaped hexagon." It occurs often in car
bon compounds, such as cyclohexane, 
in which six carbon atoms are single
bonded in a ring with other atoms at
tached outside the ring. "It is interest
ing to note," writes B. M. Oliver of the 
Hewlett-Packard Company in Palo Alto, 
Calif., "that the path appears as a 1 X 2 

A 

c 

Solution to problem of ball in tetrahedron 
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Nuclear Energy Convers ion Projects Create New Opportunities for 
SENIOR SCIENTISTS: PHYSICISTS, CHEMISTS & NUCLEAR ENGINEERS 

Allison-the Energy Conversion Division of General Motors and long

famous leader in production of aircraft engines-is chalking up significant 

accomplishments in nuclear energy conversion and aerospace programs. 

High priority projects at Allison have created exceptional opportunities for 

additional SENIOR SCIENTISTS ... PHYSICISTS ... CHEMISTS and NUCLEAR 

ENGINEERS-with advanced degrees and related experience. MCR (Military 

Compact Reactor) under development by Allison for the Atomic Energy 

Commission, is designed to meet the urgent requirements of army field 

forces for a completely mobile nuclear power source. MCR will have 

a high temperature, liquid metal-cooled reactor coupled to a power 

conversion system capable of generating 3000 kw of electricity. Also 

under contract at Allison is the development of a Nuclear 

Powered Energy Depot which could eliminate cumbersome 

and vulnerable fuel supply lines by powering military 

vehicles through nuclear power. In one Energy Depot 

concept, the reactor system would provide power for 

synthesizing a fuel from universally available elements, 

such as air and water. Or, electricity produced by a 

mobile reactor could be used to charge a combined cell 

powerplant which would supply electric power for vehicle 

propulsion. Further development for lunar and satellite applica

tions is also under study. Additional Allison contracts include pro

pellant components for ApOLLO; pressure tanks in the TITAN III thrust 

vectoring system, and rocket motor cases for MINUTEMAN. Acceleration 

of these-and other-solid programs means exceptional and 

challenging opportunity for those who can qualify. 

We need PHYSICISTS, CHEMISTS and ENGINEERS, some to head groups, in the following areas: 

Scientists 
and 

Engineers 

PhysiCists 
and 

Engineers 

For NUCLEAR SYSTEMS ENGINEERING· NUCLEAR 

REACTOR DESIGN 

I n field of advanced propulsion and power systems. Specific areas are: 

NUCLEAR SYSTEMS ANALYSIS· SYSTEMS APPLICATIONS· 

COMPONENT ANALYSIS 

We also have key research positions open in the following disciplines: 

�������;J��;i�����:����--��;����������;;t :�����������:= ::::: 

AIlisOI1 
THE ENERGY CONVERSION OIVISION OF 
GENERAL MOTORS, INDIANAPOLIS, INDIANA 

� § 
For immediate attention, send your resume today or contact: Mr. V. A. Rhodes, 

Professional and Scientific Placement, Dept. 1507, Allison Division, General 

Motors Corporation, Indianapolis 6, Indiana. 
An equal opportunity employer 
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T h i s  is Ca l  t e c h ' s  J e t  Pro p u l s i o n  La b o rato ry. S p r e a d  o u t  

b e l o w  t h e  m o u n t a i n s  i n  Pasad e n a, i t ' s  t h e  w o r k  h o m e  o f  20 1 
P h . D . s . ( T h e  n u rs e s  h a n d l e  a ny d o c t o r i n g  to b e  d o n e  fo r t h e  

3984 p e o p l e  who w o r k  h e r e ) . 

J P L  sc i e n t i sts a n d  e ng i n e e rs l i k e  e v e ryth i n g  a b o u t  i t :  t h e  

p e o p l e, t h e  fa c i l i t i es, a n d  t h e  most  cha l l e n g i n g  ass i g n m e n t s  i n  
s p a c e  exp l o rat io n .  P r o j e cts  s u c h  a s  s e n d i n g  s c i e n t i fi c  m e a s u r

i n g  d e v i c e s  to Mars  a n d  b o u n c i n g  rada r s ig n a l s  off V e n u s  

a n d  M e rc u ry. 

To m e e t  t h e s e  c o m m i tm e n ts, u n m a n n e d  s p a c e c ra ft a r e  b e i n g  

d e s ig n ed t h a t  wi l l  p ro b e  o u r  so la r system.  O n  t h e  drawing 

boa rds n o w  are p l a n e t  e x p l o ra t i o n s  o f  the  fu tu r e .  

J P L  m u s t  fi n d  m o r e  o f  th e r ig h t  p e o p l e  to m a k e  t h e s e  

e x p l o ra t i o n s  a succ ess .  T h e  k i n d  o f  p e o p l e  who l i k e  t h e  k i n d  

o f  work  w e  d o .  T h e  k i n d  o f  p e o p l e  who can  t h i n k  t h e i r  way 

to  o th e r  p l a n ets - and back. Mayb e you ? 

S e n d  yo u r  r e s u m e  t o :  

9 !!� !���v���!e��sa��?'����n�RY Atten t ion : Perso nne l Depor tmen t 9 

"An equa l  oppo rtunity employer," Jet Propu ls ion laborotory is opera ted by the Cal i fo rnia Inst i tute of Techr.o logy for the N o tional  Aeronaut ics  a n d  Space Administrat ion.  
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A cetate m odel of pflth ill tetrrlhedroll 

rectangle in all projections of the cube 
taken perpendicular to a face, as a 
rhombus in three of the isometric pro
jections taken parallel to a diagonal of 
the cube, and as a regular hexagon in 
the fourth isometric view. A (lueer figure, 
but that's the way the ball bounces ! "  

A similar cyclic path inside a tetra
hedron was discovered in 1962, also by 
Hayward. It is easy to reflect a tetra
hedron three times [ see illustration on 
page 258] and find a cyclic path that 
touches each side once. The difficult 
trick is to find a cyclic path with equal 
segments. One is shown by the colored 
line. There are three such paths, all 
alike, touching each face of the solid 
at one corner of a small equilateral tri
angle in the center of the face. The side 
of this small triangle is a tenth of the 
edge of a tetrahedron with an edge of 
1. Each segment of the ball's path has 
a length of \/10/ 1 0, or . 3 1622777 + ,  
giving the path a total length of 
1 .2649 + . 

Havward made a handsome acetate 
model in which nvlon thread traces the 
path of the bouncing ball ( or light rav) 
after the four tetrahedrons have been 
" folded" together [ see illustration 
({bove ] .  He cut the sides from sheets 
of acetate and cemented them along 
their edges after drilling fou r  small 
holes at the proper points. Before ce
menting the last side he looped the 
thread through the holes of three faces 
and held it with pieces of tape on the 
outside. The two free ends were drawn 
through the hole in the fourth face, 
which was then cemented to the other 
three . After tightening the thread bv 
pulling on the loops he sealed each hole 
with a drop of acetone mixed with Duco 
household cement and trimmed the out
sidc loops and ends. A similar acetate 

I N D U ST R I A L  C O LO R A D O  

P EA K  P R O FI TS ! H igher  q u a l ity labor ,  more product ion per  m a n  hour ,  vast new 

ma rkets, s k i l l ed perso n n e l  eas i ly  attracted . . .  these a re  a few of the p rof it  b u i l d i n g  b e n efits 

you ' l l  enjoy with your  p lant i n  Colorado.  Co lorado ' s  h igh peaks and vacat ion l ands,  i nv igorat

ing yea r ' round  c l imate and recess ion -free economy are a l l  a part of P l easant L iv i ng . _ .  the  

i ndustri a l  bonus that  w i l l  h e l p  you bu i ld  to new peaks of p rofit i n  Co lorado.  

W R I TE TO D A Y  F O R  F R E E  EXE C U TI VE 
PORTFOLIO _ _  . " INDUSTRIA L COLORA D O "  

9-boo k l e t  portfo l i o  c o n ta i n i n g  t h e  l a t e s t  d a t a  o n  C o l o r a d o ' s  
i n d u s t r i a l  assets ,  s i te s ,  markets ,  J a b o r  a n d  of course . . .  
P l e a s a n t  L i v i n g .  A l l  i n q u i r i e s  a r e  s t r i c t l y  conf i d e n t i a l _  

COLORADO 
D IVIS ION O F  COMMERCE AND DEVELOPMENT 
51 STATE SERVICES BUILDING_ • DENVER, CDL>ORADD 80203 . 

Advanced Coatings 
for 

Advanced Projects 
W h ite R o o m  C l ea n l i n ess 

W h e re u l t ra-c l ea n l i n ess i s  of utmost i m po r
t a n c e ,  cons i d e r  T I L E-COT E ®  as a m a i nte
n a n ce-free fi n i s h .  T I L E-COT E ®  p rov i d e s  a 
h i g h -d e n s i ty,  rea d i Iy-deconta m i nated fi l m  
w i t h  a n  i n e rt ,  v i rtua l l y i m permea b l e  
s u rface o f  c e ra m i c- l i ke a p pe a ra n ce a n d  
perma n e n c e .  

S a m p l e  spec i fica t i o n s  . . .  

Ad h es i o n :  exce l l e n t  to wood , meta l ,  
maso n ry a n d  m o rtar ,  g l a s s  a n d  most 
p l a s t i c s  

• P o t  l i fe :  m i  n .  8 h rs .  a t  750  F .  

• Temp.  ra nge:  250 0 F.  to _400  F.  

• U na ffected by : stea m ,  a l co h o l s ,  
l u b r i ca n ts ,  carbon tetra c h l o r i d e ,  
d etergents a n d  c l ea nsers ,  a romat i c  
a nd a l i p h a t i c  hyd roca rbons a n d  
other  corro s i ves. 

Mui r h ead Standard and Reference Cells 

are Stab le, Reliable, Robust , Repeatab l e  

and t h e  price is r i g ht.  

Versat i l i ty i s  a n  i m po rta nt fea t u re of T I L E 
COT E ®, w h i c h  may be a p p l  i e d  a s  a f i l l e r
fi n i s h  system over ba re wood a n d  m a so n ry 
or as a fi n i s h  over pa i nted s u rfa ces.  F i f
teen b r i g h t  h i g h -reflecta n ce co l ors a re 
a va i l a b l e  w i t h  i d e n t i ca l  serv i ce c r i t e r i a .  

W r i t e  f o r  b u l l et i n  P-52B w i t h  f u l l  d a t a ,  
spec i ficat i o n s ,  a n d  co l o r  sta n d a rd s .  

� THE WILBUR & WI LLIAMS CO. ,  I N C .  � 752 P leasant St . ,  Norwo o d ,  Mass.  -
1 C R EATORS OF ADVANC E D  COAT I NGS FOR I N D USTRY 

Saturated or Unsaturated types for 

indust rial or academic purposes. 

LEA F LET MAILED O N  
REQ UEST 

Prec i s i o n  E l ect r i ca l  I n s t r u m e nts  

M U I R H E A D  I N S T R U M E N T S  I N C  . •  
1 1 01 Br istol  Road, M o u n t a i n S i d e .  N e w  Jersey,  U . S . A .  

Telephone:  C o d e  201 , N o .  233·601 0 

M U I R H E A D  I N S T R U M E N T S  LT D . ,  Stratfo rd,  O n t a r i o ,  Canada, 

M U I R H E A D  &. C O ,  L I M I T E D ,  Becke n h a m ,  Kent, E n g l a n d .  
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He makes charts 
SLOW. . .  

He makes charts 
FAST. . .  

262 

and here's 
what makes \ 

the d ifference 

C h a rt-Pak Ta pes - no c ross-hatch i ng,  n o  fi l l 
i ng i n ,  n o  e ra s i ng.  Sym b o l s ,  ba rs, l i nes ,  co l o r  

o n  p ress u re se n s i t ive ta pes.  P E RT c h a rts, 

bar c h a rts, stat i st i ca l c h a rts - a ny 

c h a rt m a d e  faste r,  e a s i e r , bette r with  

C h a rt-Pa k Ta pes.  Wr ite for f ree cata l og. 

CHART- PAK, I N C. 

263 R IVER ROAD, LEEDS ,  MASSAC H U S ETTS 
D e a l e r s  i n  p r i n c i p a l  c i t i es in U. S. a n d  C a n a d a  

model can b e  made of the cube. In both 
models threads of different colors can be 
used to show all possible paths. 

The three introductory combinatorial 
questions raised in last month's col

umn are answered as follows: 
Four socks guarantee a matching 

pair . 
A dollar can be changed in 292 dis-

1 3 4 5 2 2 1 4 5 3 

1 3 5 4 2 

2 5 2 5 1 4 3 

A nswer to the stamp-folding problem 
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MAG N ETOHYDRODYNAM ICS  

PLASMA PHYS I CS  I N STR U M ENTATI O N  R ESEARC H  & DEVELOPMENT 

ELECTR I CAL & N U C LEAR PROPULS I ON  PHYS I CAL ELECTRON I CS  

MATER IALS SC I E N C ES ROC KET & AI R BREATH I N G  PROPU LS I O N  

MATH EMATI CAL ANALYS I S  PRO PELLANT C H EM I STRY DES I G N  

EXPER I M ENTAL AN D ANALYTI CAL AERODYNAM I CS AEROPHYS I CS  

ADVANCED  SYSTEMS ANALYS I S  

MAC H I N E  COM PUTATIO N  

* * * * * I N  F RA RED  

SURFACE STU D I ES 

* * * * * TH I N  F I LMS 

For m o re t h a n  t h ree d e c a d e s ,  t h e  p ro g ra m s  of t h e  

Researc h Labo rato r i e s  h ave g rown i n  s c o p e  a n d  sc i e n 

t i fi c  s i g n i fic a n c e .  Today ,  t h e y  ra n g e  from a p p l i e d  

researc h to bas i c  stu d i es t o  d ete r m i n e  t h e  f u n d a m e nta l  

n atu re of l i q u i d s ,  so l i d s  and gases .  

So advanced a re t h e s e  p roj ects t h at t h e y  offe r I-ea l 

c h a l l e n g e  to t h e  i n g e n u ity a n d  a b i l i t i e s  of t h e  sc i e nt i st .  

LOW TEM PERATU RE PHYS I CS  

Stu d i es are u s u a l l y  o n  a n  i n d i v i d u a l  rat h e r  t h a n  team 

bas is  - and p u b l i c at i o n  of p a p e rs i s  e n co u ra g e d  -

t h u s ,  ac h i eve m e nt c a n  l ead  to e a r l y  p rofess i o n a l  

recog n i t i o n  t h ro u g h o u t  t h e  sc i e nt i fi c  c o m m u n i ty .  

I f  you wou l d  l i ke to l e a r n  m o re a b o u t  t h i s  fast- g rowi n g  

researc h o r g a n i z at i o n  w i t h  a d e m o n strate d record of 

accom p l i s h m e nt ,  w r i te fo r o u r  d e s c r i pt ive  b roc h u re .  

Address y o u r  in q u iry t o  M r .  E .  B .  Cir iock,  Res e a r c h  Labora to ries , Uni ted Ai rcral t  Corporat ion  - a n  e q u a l  o p p o r t u n i ty e m ployer .  

E a s t  H a r tlord 8 ,  C o n n e c t i c u t  

263 

© 1963 SCIENTIFIC AMERICAN, INC



© 1963 SCIENTIFIC AMERICAN, INC



tinct ways. For a full solution, using 
recursive computation, see the last two 
pages of George Polya's How to Solve It, 
a Doubleday Anchor book. 

A strip of five stamps, blank on both 
sides, can be folded in 14 distinct ways 
[see illustration  on page 262 ] .  (If the 
stamps are printed on one side, you 
might think the number of ways would 
double, but it increases only to 25. 
Why?) Mark B. Wells of the Los Alamos 
Scientific Laboratory became interested 
in this problem a few years ago. With 
the aid of the MAN IAC computer he 
found the number of distinct foldings 
for six, seven, eight and nine stamps to 
be 38, 120, 353 and 1 , 148 respectively . 
The problem of finding a formula for n 
stamps remains unsolved. 

Readers were also asked to change the 
Adams magic hexagon to a hexagon with 
22 as the sum of each three-cell row, 42 
as the sum of each four-cell row and 62 
as the sum of each five-cell row. This 
can be done by replacing the number in 
each cell with the difference between 
that number and 20. 

The problem of placing 16 stamps 
with values of one, two, three, four and 
five cents in a four-by-four square, with 
no two stamps of the same value in any 
row, column or diagonal (including the 
smaller diagonals), can be answered 
with a maximum value of 50 cents [see 
illustration  below ] .  This is probably two 
cents more than most readers were able 
to achieve. The trick is to use only three 
four-cent stamps. "The reader will prob
ably find, when he sees thle solution," re
marked Henry Dudeney when he first 
published the puzzle, "that, like the 
stamps themselves, he is licke d . "  

SO/Iltion to stamp.placing problem 

We are proud of our contribution in the development of 
resources data required for planning and executing Eco
nomic Development Proj ects . 

FAIRCHILD MAJOR SERVICES 
Available separately or collectively 

Complete Resources Inventory 
Organization and management of Projects utilizing local facilities 
supplemented by FAIRCHILD Services and Equipment. 
Consultat ion . Cadastral Surveys & Maps . Land Use Studi es & Maps 
• Soil Classifications & Maps • Geological I nvestigation & Maps • 
Geomorphic Analysi s  & Maps • Hydrology Surveys, I nvestigations & 
Maps • Population Determination & Density Maps • Forestry and 
Vegetat ion Studi es,  Maps & Data . Land Use Capabi l ity Classification 
& Maps . Drainage Maps . Airborne Magnetometer, ElectromaglJetic 
& Radiation Surveys • Marine Sonoprobe® Surveys • Aerial Photog
raphy • Photo-mapping • Topographic  & Planimetric Mappi ng • 
Geodetic Control .  40 years of experience 

operating throughout the world. 

FA I R C H I L.C 

A E R I A L  S U R V E Y S  
A D I V I S I O N  O F  F A I R C H I L D  C A M E R A  A N D  I N S T R U M E N T  C O R P O R A T I O N  

224 E a st E leventh  Street ,  Los A n g el e s  1 5 , C a l ifor n i a  
R i c h m o nd 9·3007 Cable A d d ress FA I R M A P  Los A n g e l e s  

TWX L A · B 5 2  

N EW HEATH FACTORY ASSEM BLED & CAL I B RAT ED LAB 
I N ST RU M ENTS- PROFESS I O NAL QUAL ITY AT LOW COST ! 

S E RV O  P E N  R E C O R D E R
Worth f i v e  t i m e s  as m u c h ! T r u e  
pote n t i o m etr ic  i n p u t ;  5 adj u st
a b l e  ran g e s : 1 0 , 25 , 50, 1 00 ,  &. 
250 mv p l u g s  p l u g - i n  c o n n ectors 
for s p e c i a l  ranges and a p p l ica
t i o n s ;  rapid c h a rt a d va n c e ; pen 
l i ft ;  1 0" c h a rt ;  1 sec.  r e s p o n s e .  
E U W-20A . . . 20 I b s  . . . .  $ 1 95 .00 

V O L T A G E  R E F E R E N C E  
S O U  R C E-Z e n e r - s ta b i l i z e d , 
p r o v i d e s  ± 1 % o r O . 1  mv acc u racy 
over  range of 0.1 m v  to 1 00 volts . 
Read o u t  d i rect ly  on t h ree d i a l s .  
Coarse a n d  F i n e  c o n t ro l s .  U s e  
f o r  c a l i b ratio n ,  pote n t i o m etr ic  
m ea s u r e m e nts , o r  c a l i b rated 
b u c k i n g  v o ltag e .  
E U W - 1 5  . . . 1 5  I b s  . . . . . . .  $75 .00 

O P E R A T I O N A L  A M P L I 
F I E R  S Y S T E M - S e l f - c o n 
t a i n e d  ± 300 v .  power s u p p l i e s ,  
4 o p e rati o n a l  a m p l if i e r s ,  a n d  
b o o ster power a m p l if i e r .  Sta n d 
a r d  5 - p i n  p a n e l  c o n n e c t o r s .  
M a n y  a p p l icat i o n s  i n  m e a s u re
ment, c o m p utat i o n  and c o nt r o l  
work d e s c r i b e d  i n  m a n u a l .  
E U W-19A . . . 1 8 I b s  . . . .  $135.00 

Write for c o m p l ete d etai l s  on e n t i re M a l m stadt- E n ke Lab S e r i e s .  

HEATH COM P A N Y  
Benton Harbor 3 6 ,  M i c h i ga n  49023 

o P l ea s e  send free f o l d e r  o n  M a l m stadt- Enke lab S e r i e s  

o P l e a s e  s e n d  free Heat h k i t  cata l o g  

( p lease p r i nt) 
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GENERAL ELECTRIC ENGINEERING OPPORTUNITIES 

ACT NOW FOR ASSIGNMENTS ON PROJECT APOLLO 
"The requirement for the Integration and Checkout program arises from the unique characteristics . . .  of Apollo 
. . .  which distinguishes it from other proiects. These include (1) the serious consequences of failure as measured 
in terms of national prestige, human life and cost; (2) the complexity . . .  in terms of the technology required and 
the numbers and types of industrial contractors involved; and (3) the long period of operations in the space 
environment with no significant mamre1)ance or repair possible." 

National Aeronautics and Space Admi nistration 
at the Aeronautics and Space Committee Hearings, 

U.S. House of Representatives, 1 963 .  

General Electric's Apollo Support Department h a s  been selected t o  assist NASA in t h e  i ntegration support, checkout a n d  reliability 
assessment of the Apollo system. Without doubt, it takes an unusually mature and competent man to perform under the realization 
that his i ndividual work can be of significant importance to such a program. 

If you are the kind of person who thrives on such responsible work, there's a place for you with General Electric. We've already put 
together the most impressive team ever assembled in the General Electric Company for this program . . .  however, there are many oppor
tunities still available to the right men. From the listings below you can determine your own opportunities. Contract Programs : 

CHECKOUT . . .  work consists of two distinct parts. First, a continuation of current engineering study efforts to provide NASA with 
checkout systems analysis, standardization studies, an integrated space vehicle checkout system specification, studies of test procedures, 
the application of advanced checkout techniques to Apollo, and system checkout engineering support at NASA field centers. Second, 
provision of checkout equipment to be included within the integrated launch control and checkout system. 

RELIABILITY ASSESSMENT . . .  effort includes assisting NASA in assessing overall mission reliability and safety levels, implementing 
a reliability and failure data system, and reviewing reliability and quality procedures and controls. 

INTEGRATION SUPPORT . . .  assist in identification and documentation of equipment and procedure interfaces within the Apollo 
proj ect. Studies of integration methods and their application to Apollo including configuration control , and data handling. 

Engineering experience required in: SYSTEMS and SUB·SYSTEMS CHECKOUT and TEST PLANS, DESIGNS and OPERATIONS 

D Complex Systems Design D Logic Design D Engineering Writers D Circuitry & Circuit Design 
D Guidance Control Systems D Human Factors D Computer Engineering D Data Analysis 
D Telemetry Systems D Systems Engineering D Computer Programming D Launch Facilities Systems 
D Electronics Packaging Design D Cryogenics D Data Processing Display D Instrumentation & Simulation Systems 
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I F  YOU ARE THE CALIBRE OF ENGINEER WHO CAN SHOULDER THE RESPONSIBILITIES 

THESE JOBS ENTAIL, WE HAVE I MMEDIATE OPENINGS I N  HU NTSVILLE, ALABAMA ; CAPE 

CANAVERAL, FLORIDA ; DAYTONA BEACH, FLORIDA ; AND HOUSTON, TEXAS. 

Write today to : Mr. P .  W. Christos , Apollo Support Department, General Electric Co.,  Support Build· 
ing, Room 1059 · 1 ,  P . O .  Box 2500, Daytona Beach, Florida. ( Your inquiry will be held in strict con· 
fidence. Please include your salary requirements. ) 

APOLLO SUPPORT DEPARTMENT 
A Department of the Command Systems Division 

G E N E R A L  _ E L E C T R I C  
An Equal Opportunity Employer 
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THE AMATEUR SCIENTIST 

Conducted by C. L. Stong 

How dense is the earth? W. ithout 
the answer to this key <J uestion 
Newton's law of gravitation 

would hold little practical interest for the 
astronomer bent on predicting the course 
of a planet or an engineer dispatching a 
space probe to the moon. Newton's law 
states that any two bodies attract each 
other with a force proportional to the 
product of their masses and inversely 
proportional to the square of the dis
tance betwecn them, but it does not spec
ify the proportions numerically. The 
constant of proportionality that relates 
the units on each side of the equation is 
merely symbolized by the capital letter 
C. Newton could conceive no experi
ment that would yield a numerical value 
for C. He rcsorted to the stratagem of 
evaluating C by estimating the density of 
the earth. Evaluating the surface prop
erties of the earth, he concluded that the 
density of the planct must be five to six 
times greater than the density of water. 
A simple calculation then gave the 
equivalent value for C. The estimate was 
shown to be surprisingly good a century 
latcr when Henry Cavendish finally suc
ceeded in putting the question directly 
to nature by means of an experiment that 
has become somewhat mislcadingly 
known as "weighing the earth." Ama
teurs who set out to duplicate the experi
ment will find no clearer description 
of the apparatus and its origin than the 
one Cavendish presented in the open
ing paragraphs of a paper he read before 
the Royal Society of London on June 
21, 1798. 

"Many years ago," he wrote, "the late 
Rev. John Michell of this Society, con
trived a method of determining the den
sity of the earth, by rendering sensible 
the attraction of small quantities of mat
ter; but, as he was engaged in other pur-

How to repeat Ca(Jenclish's experilnent 

for cleternlining the constant of grcwity 

suits, he did not complete the apparatus 
till a short time before his death, and 
did not live to make any experimcnts 
with it. After his death the apparatus 
came to the Rev. Francis John Hyde 
vVoliaston, Jacksonian Professor at Cam
bridge who, not having conveniences for 
making experiments with it in the man
ner he could wish, was so good as to 
give it to me. 

"The apparatus is very simple; it con
sists of a wooden arm, six feet long, made 
so as to un.ite great strength with little 
weight. This arm is suspended in an 
horizontal position, by a slender wire 
40 .inches long, and to each extremity is 
hung a leaden hall about two inches in 
diameter; and the whole is inclosed in 
a narrow wooden case to defend it from 
the wind. 

"As no more force is required to make 
this arm turn round on its centre than 
what is necessary to twist the suspend
ing wirc, it is plain that if the wire is 
sufficiently slender, the most minute 
force, such as the attraction of a leaden 
weight a few inches in diameter, will be 
sufficient to draw the arm sensiblv aside. 
The weights which Nlr. \fichell intended 
to use were eight inches in diameter. 
One of these was to be placed on one 
side of the case, opposite to one of the 
balls, and as near it as could be conveni
ently done, and the other on the other 
side, oppositc to the other ball, so that 
the attraction of both these weights 
would conspire in drawing the ann aside; 
and when its position as affected by 
these weights was ascertained, the 
weights were to be removed to the other 
side of the case, so as to draw the arm 
the contrary way and the position of thc 
arm was to be again determined; and, 
consecluently, half the diffcrence of these 
positions would shew how much the arm 
was drawn aside by the attraction of the 
weights. 

"In order to determine from hence the 
density of the earth, it is necessary to 
ascertain what force is recluired to draw 
the arm aside through a given space. 
This :vlr. �Iichell intended to do by put
ting the arm in motion, and observing the 

time of its vibrations, from which it may 
easily be computed." 

Cavendish then explained how he 
modified the apparatus so that it could 
be operated from a remote position, since 
the mass of an observer's body at close 
range would attract the small lead balls 
enough to introduce significant error. 
He also recognized the necessity for add
ing a mechanism "to accurately remove 
the weights to the other side of the case 
so as to draw the arm the contrary way." 
He equipped the arm with a small 
mirror that reflected the image of an 
ivory scale to a telescope eCluipped with 
a cross hair at the observing position, a 
scheme that served both to keep the 
observer away from the apparatus and 
to amplify the apparent displacements 
of the balance arm. 

In spite of these major modifications 
of Michell's apparatus, Cavendish re
ported a puzzling effect. Now and again, 
for no apparent reason, the small balls 
of lead spontaneously "wiggled around," 
a phenomenon that Cavendish finally at
tributed to air currents in the case. This 
may well have been the source of the 
disturbance. On the other hand, his 
weights may have been influenced by 
stray electrostatic charges because he 
did not shield them from the flame of an 
open candle with which he illuminated 
the scale. Nevertheless, Cavendish was 
able to calculate the density of the earth 
as being 5.448 times that of water, almost 
precisely in the middle of Newton's es
timated range, and he assigned a value 
to C of 6.754 X 10-' (as expressed in 
centimeter-gram-second units) . 

An inexpensive version of the Caven
dish apparatus, modified to include elec
trostatic shielding, has been constructed 
and used successfully for evaluating C 
within 1 per cent of the currently ac
cepted value by Sam Epstein of Los 
Angeles. 

Epstein writes: "Essentially the Cav
endish apparatus is a sensitive torsion 
balance and a balance arm suspended 
at the middle by a slender steel wire. 
A small lead weight suspended from 
each end of the arm is attracted to larger 
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The 
CENTRAL 

INTELLIGENCE 
AGENCY 

Important career OPl10rtunitie� are antilablc 

for Physicists. Chcmists, Engineers, Geophysi

cists, Life Scientists and Mathematicians in tile 

\Vashington arca lind elsewhere. The work IS 

classified and stands on the frontier of modern 

sdence <lnd technological dcyclopment. Labora

tory and computer facilities are (l\'ailable for 

indiyidual research. 

If YOll afe interested in foclIsing your talents 

and experience on problems of unusual im

portance to the national security, ,rOll ('<Ill 

explore these OPllortunities in complete COIl

fldence by writing to: 

Dr. William R. Rumford 
2430 E Street, N. W., Washington 25, D. C. 

With artificial satellites already launched and 
space travel almost a reality, astronomy has 
become today's fastest growing hobby. 
Exploring the skies with a telescope is a 
relaxing diversion for father and son alike. 
UNITRON's handbook contains full·page 
illustrated articles on astronomy, observing, 
telescopes and accessories. It is of interest 
to both beginners and advanced amateurs. 

CONTENTS INCLUDE: 
Obser�ng the sun, moon. planets and wonders ot the sky' 
Constellation map • Hints for observers' Glossary of telescope 
terms • How to choose a telescope' Astrophotography 

UNITRON 
INSTRUMENT COMPANY· TELESCOPE SALES OIV. 
66 NEEDHAM ST., NEWTON HIGHLANDS 61, MASS. 

I Please rush to me, FREE of charge, I IUNITRON'S OBSERVER'S GUIDE and TELESCOPE, 
I CATALOG # 6-P : I • : Nam. : I , I Street , 
I I 

L � __________ ..!t!!: ____ J 
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weights by mutual gravitation. The rota
tion of the arm varies with the intensitv 
of attraction and is measured by the d�
flection of a light beam from a small 
mirror fixed to a pair of hooks that sup
port the balance arm, as shown in the 
accompanying illustration [belowl 

"The complete balance assembly in
cluding the case is supported from the 
ceiling by a length of S/4-inch pipe that 
terminates in flanges. The structure is 
braced by a set of three guy wires. The 
torsion wire attaches at the upper end 
to a special fitting that rests in the top 
end of the pipe: a brass flange and cap 
nut drilled and threaded to receive a 
small rod with a hook at one end for 
attaching the wire. The flange is cen
tered in the pipe by four adjusting screws 
and can be rotated for adjusting the 

orientation of the wire and balance arm. 
The lower end of the torsion wire at
taches to an S-fitting that engages a pair 
of wire hooks to which a small mirror is 
fixed. 

"The remaining apparatus, including 
the large weights, is mounted on a wood
en platform that in turn rests on legs in 
the form of inverted lag screws, which 
serve as leveling adjustments. The plat
form carries two metal pails filled with 
sand; these act as massive supports for 
a pair of turntables used to shift the 
position of the heavy weights. The turn
tables roll on casters of the nonswiveling 
type that ride on Masonite disks laminat
ed to plywood atop the metal pails. A 
SIS-inch pivot anchored in the center of 
each plywood disk engages a companion 
hole in the center of the turntables. The 

----: Se.cure to rafter.:; or 

ceiling, leaving space 
for adjust.i�g ;t 

.. � 
three guy 
wires with 
turnbuckles 

SU5penSIon 
y�"rod for making fine 
adjustments of / 
orientation #' 

/ 
#36 music wire 

55" Ion 

" 

Centers of Idr.ge 
o.nd 5mall 

weights r 
-� should be 

shode spline 
4-i'long 

l�"ldg .5Cye.W5 
foY' leveling 

Cavendish apparatus as ntodifi,ed for "nwlelV construction, 
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The stability af a bady in mation can best be eval

uated when interfering forces are severe enough 

to test its structure or divert it from a pre-established 

direction. A corporation is a body of people in motion 

and its stability is measured by planned dchievement. 

As a corporation NCR has been tested for more than 

79 years. Throughout this period, direction has been 

maintained and objectives achieved. The objective of 

NCR? Better systems for business. This singleness of 

purpose with balanced diversification has led to growth 

and the TOTAL SYSTEMS concept. The products and 

.services of NCR, made possible by practical research 

STABILITY 
and development, are respected throughout the world 

in 120 countries. 

Research and development at NCR is broad and re

flects a seriously consider.ed investment of past years. 

Plans for future expansion of facilities reflect a faith in 

the stability of the Company and in the devoted talents 

of the NCR men of science who will add impetus to the 

overall plans. 

The stability of NCR is conducive to the advancement 

of career-minded scientific and engineering personnel. 

Creative efforts are rewarded with responsible chal

lenging work. Professional individuals at NCR find the 

personal stability, understanding and encouragemef\t 

required for growth. 

If your professional background is such that it has 

prepared yau ta contribute to the fields of solid state 

physics, electronics, chemistry or mechanics, as applied 

to EDP systems, contact us. Your qualifications will re

ceive careful consideration. 

T. F. Wade, Technical Placemenf 

The National Cash Register Company 

Main & K Streets 

Dayton 9, Ohio' 

on equal opportunity employer 
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See the Stars, Moon, Planets Close Up! 
3" ASTRONOMICAL REFLECTING TELESCOPE 

Photographers! Adapt your camera to this Scope for ex
cellent Telephoto shots and fascinating photos of moon! 

50 to 180 Power-Famous Mt. PalomarType! An Unusual Buy! 
See the Rings of Saturn, 
the fascinating planet 
Mars, huge craters on 
the Moon, phases of 
V e n u s .  Equ a t o r i a l  
mount with lock o n  both 
axes. Aluminized and 
o .... ercoated 3" diameter 
high-speed f/10 mirror. 
T e l e s c o p e  c o m e s  
equipped w i  t h  a 60X 
eyepiece and a mounted 
Barlow Lens. Optical 
J'inder 'l'elescope in· 
cluded. Hardwood. port
able tripod. FREE with 
Scope: Valuable STAR. 

CHAit'!' plus 2i2-page "HA:-iDBOOK OF' HEAVENS" 
plus "IIOW '1'0 liSE YOliR rl'ELESCOPE" BOOK. 
Stock No_ 85,050-5 .......................... $29.95 Postpaid 

41/4" Astronomical Reflector Telescope! 
255 1'ower. 1\-C\\' Vibration-Free 1\letal Pedestal Mount. 
Stock No. 85.105 ·S ... . . . ................. ..... ............. $79.50 F.O.B. 

SUPERB 6" REFLECTOR TELESCOPE! 
Inc. elecu'lC clock drive. setting circles, equatorial mount, 
pedesUlI base. 4 eyepieces for up to 576X. 
Stock No. 85,086-5 .................................... $195.00 F.O.B. 

'FISH' WITH WAR SURPLUS MAGNET 
Go Treasure Hunting On The Bottom �!'!!�ll� 
Great idea! Fascinating fun and sometimes 
tremendously prOfitable! Tie a line to our 5-
lb. "Magnet-drop it overboard in bay. rh'er, lake or 
ocean. 'l'ron it al€lng the bottom-your "treasure" 
haul can be outboard motors, anchors, fishing 
tackle. all kinds of metal valuablcs. [i-lb. ,)lagnet 
is war surl)lus-Alnico Y Type-Goy't Cost, $.'iO. 
Lifts over 125 lhs. on land-much greater weights 
unller water. Oruer now and try this new sport. 
Stock No. 70,571·S 5 lb. Magnet ..................... $12 .50 Postpaid 
Stock No. 70.570·S 3\12 Ib .. lifts 40 Ibs. . ...... $8.75 Postpaid 

Stock No. 70,572·S 7Y2 lb., lifts 150 Ibs . . ... $18 .75 Postpaid 

Stock No. 85,152·S 15 lb .• lifts 250 Ibs . ............ $33.60 fOB 

BARGAIN! LONG & 
SHORT WAVE ULTRA

VIOLET LIGHT SOURCE 
Smoll! Lighlw.ighl! 

Portable! Most Powerful 
at the Price! 

i:'\ewly de\'eloped for pros
pecling, mineral collecting. 
fluore�cence demonstrations. 
etp. :.'Ilost powerful source 
of long and short wa\'e 
ultra-violet light in one 
compact home-or-field unit! 
One source produces short 
waye U\� radiation with 

peak intensity of 2:;37 angstrolllll. Other sourre pro
duces long wave UY with peak intensity of 3660 
angstroms. l:nit has rugged all-metal housing, speCial 
circuitry for battery consenation, easy access for re
I)lacing tubes. extra large tBters. Operates on house 
eurrent or batteries. Lightweight. only 1 lh. 5 oz. Com
paet :iY2" x �" x 8lh". Fully guaranteed. 6 identified min
eral sl)ecimens inclUded. 
Stock No. 70.259·S .......................................... $24.95 postpaid 
BATTERY ADAPTER CASE With Adjustable Shoulder 
Ktrap. 
Stock No. 70 ,

_
26

_
0

_
.

_
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_ 
.. 

_
. __________ -: 

COMPUTER KIT 
Ideal introduction to the increas
ingly important electronic com
puter field. For bright students, 
or anyono interested in this new 
science. Demonstrates basic ana

log computing principles-can be used for multiplica· 
tion, diviSion, powers, roots, log. operations, trig 
problcms, physics formulae, electricity and magnetism 
problems. Easily assembled n·ith screwdriver and pliers. 
Operates on 2 flashlight batteries. Electric meter and 
3 potentiometers mounted on die-cut box. Answer indicated 
on dial. 20" long. 9" wide, 2" decp. 
Stock No. 70,341-5 .......................... $14.95 Postpaid 

MAIL COUPON FOR FREE CATALOG' 
YOURS FREE FOR THE ASKING 
'Vrite today for free 164 page 

catalog full of interesting optical 

and scientific items. Includes a 

wide variety of optical parts (im

ported, war surplus) and hard to 

get items for the experimenter and 

hobbyist. Request catalog "S". 

EDMUND SCIENTIFIC CO_, Barrin9ton, N.J. 
Name ............................................................................................. .. 

Address .......................................................................................... . 
Cily ................................................ Zon •........ Slol •......................• 

Marvels of the Universe 

ON SLIDES 
Forty mounted, identified 35mm de 
luxe coloI' slides dramatically dis· 
play awe· inspiring views of nOl·th_ 

f��lu�e
e�i;lir:r:li���sJe����g�:i ..siJ 

regional star maps that introduce, 
in order. 34 constellation slides. 
You identify 46 constellations
more than one on some slides
man'el at highly magnified reno 
derings of Saturn, Mars, Jupiter, 
solar prominence & sun spots . 

. Srtoongkr��.
f060�r67e_ S��.�.� .. ��� . . �� .. �������g Isi1io P ostp a id 

War Surplus! 
American-Made 7x50 Binoculars 
Big saYings! Brand new! Cr)'stal· 
clear \'iewing-7 power. E\'ery optical 
element is coated. An excellent night 
glass-the sir.e recommended for 
satellite viewing. Individual eye 
focus. Exit pupil 1 mm. Approx. field 
at 1,000 yds. is 376 ft. Carrying 
Case included. American 7x50's nor
mall)' cost $274.50. Our war surplus 

price S8\'es you real money. 
Stock No. 1544-S . .. ... . ... . ... .... .. . . . .  only $74.80 pstpd. 

7 x 35 AMERICAN MADE BINOCULARS 
Stock No. 964-5 .................................. $60.50 pstpd. 

(Tax inc!.) 
6 X 30 Binoculars-similar to above and a terrific bargain. 

Stock No. 963-5 .......... $33.00 pstpd. (Tax included) 

MAKE YOUR OWN POWERFUL 
ASTRONOMICAL TELESCOPE 

GRIND YOUR OWN ASTRONOMICAL MIRROR 
Kits contain mirror blank, tool. abrasives, diagonal mirror, 
eyepiece lenses. You build instruments valued from $75.00 
to hundreds of dollars. 
Stock No. 
70,003·5 
70,004·5 
70,005.5 
70,006'5 
70.007·5 

Thickness Price 
3/4" $ 7.50 postpaid I" 11.95 postpaid 

13/8'" 19.50 postpaid 
1:V4" 30.75 F .O.B _-"'--_ _ 
2
...;

'/0
.::.
0" ____ .::.
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.:;.

.95 F .0. B. 
American Made
Over 50% Saving 

STEREO MICROSCOPE 
Years in development. Equals $300 to $400 
instrument. Precision American made. 
Used for checking, inspecting, small as
sembly work. Up to 3" working distance. 
Clear, sharp, erect image. Wide 3 dimen
sional field. 2 sets of objectives on rotating 
turret. 23X and 40X. ]0 Day Free Trial. 
Stock No. 85,056·5 ................ $99.50 

Shimmering Rainbows of Gem·Like Color 
DAZZLING DIFFR ACTION JEWELRY 

FOR MEN AND WOMEN 
NOW AVAILABLE IN GOLD 

This science-inspired jewelry glows with 
the twinkling magic of rainbows. It uses 
circular patterns of I" DIFFRACTION 
GRATIl'\G REPLICA to break up light into 
all the rich. deep colm's of natUl"e's 
gl'andest phenomenon. Incorporated into 
beautiful jewelry, these exquisite new 
fashion accessories are now available in 
1usu'ous gold as well as stet'ling silver. 

Other Hems available. WI'ite for complete list. 

GOLD 51 LVER p�:t
l;a�d 

No. 1814·5 No. 1704·5 $2.20 
1827·5 1714·5 2-.20 
1818·5 1729·5 2.20 
IB31·5 1743-5 3.85 

1735-5 7.70 

Now • • •  Accurate Weather 

Forecasting for Schools, 

Homes, Hobbyists 
l\'"ew "Weather Station" is highly sensith'e to weather changes. Consistently accurate thermometer, barometer und humidity meter. }'oretells weather changes from 12 to 24 hours In advance. Humidity meter calibrated in "percent relative humidity". l'hermometer accurate to ]OF. Excellent for teaching weather phenomena and meteorolo�dcal hobby work. Instruments mountcd on handsome woodgrained panel 151h" x 5%."'. Meter cases hea\'ily rnetallzed -combine beauty and protection. Dials. in etched ahunilIum, made with micrometer preCision. Full instructions. 
Stock No. 70.607·S ............................................. $9 .95 Postpaid �. BUILD A SOLAR ENERGY FURNACE 

,�' A fascinating new field. Build your own Solar Furnace for experimentation-many practical uses. 
. � fr�i��cJ����

e
�fN�e!su�

s
�o�·��:�

w
f::��ac�V�\·lnl

r
��ril� crate terrific heat-2000° to 3000°. Fuses enamel to metaL 

Rets paper aflame in seconds. Use our Fresnel Lens-14'" 
diameter ... f.l. 14". 
Stock No. 70,130·S Fresnel Lens ........................ $6.00 Pstpd. 
11" SQ. Ifresnel Lens f.1. 10". Slight second 
Stock No. 70,533·S ... ................................................ $4 .75 Pstpd. 

MINIATURE WATER PUMP � \Yonderful for experiments, miniature \\'a-
.- ��::I·�!�S�t��t�i��!n(2�g ;�� ,�)t�r����i����= " . 

tor and I)ump ideal for hobbyists, labs, • 
schools. Pumps continuous flow of water ��� at rate of one pint per minute at a 12" 

head. ,Yitll 2 D Butteries in series will pump to 24" 
high. Runs 48 hrs. on battery. 'Yorks in either direc
tion. Self-priming. 

Stock No. 50,345-S ............................ $2.25 Postpaid 

OIlO.R BY STOCK NUMafA .SlNO CHICK 011 MONIY OIlO.R. SATISIACTION GUARANTffO! 

EDMUND SCIENTIFIC CO., BARRINGTON, N. J. 
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YB" holes for 
orienting 
5uspension 
four adjust
ing 

0/4' pipe 
threa.ded 
thY'ough 
flange 

Socket for sus
pension and 
thi 5 surface 

should be 

o/i'wood 
between 

5upport5 

Details 0/ top 0/ torsion-wire suspension 

pivots keep the turntables centered when 
the pOSition of the attracting weights is 
altered. The gravitational attraction of 
the mass represented by the sand in the 
metal pails acts vertically on the small 
weights and therefore exerts no turning 
force on the balance arm. The attractive 
force of the brackets from which the 
large weights are suspended, however, 
can influence the motion of the arm and 
must be minimized. This is accomplished 
by making the brackets in V -sections of 
thin aluminum sheeting and providing 
the necessary strength by means of wire 
braces. 

"Lead is an ideal material for the 
weights because of its high density, 
cheapness and low melting point. (Any 
other substance can be used, however, 
because all matter exerts gravitational 
attraction.) Lead can be bought in most 
plumbing establishments, where arrange
ments might also be made for melting 
and casting the weights. The construc
tion requires about 75 pounds of lead. 
Standard fruit-juice cans of 46-ounce 
capacity serve as forms for the large 
weights. Make the castings by embed
ding clean, dry cans almost to the top in 
moist sand or earth and filling them to 
the brim with molten lead. Lead shrinks 
on cooling, so that more than one pour
ing is necessarv. The sand absorbs heat 
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Qualified engineers and scientists of virtually every discipline are needed 

to fill important openings - now! • Living in Fort Worth, you'll enjoy 

excellent cultural, educational and recreational facilities; mild climate; 

clean, smog-free air; uncongested freeways; and economical living . 

• Take advantage of present opportunities - send a resume of your 

training and experience to J. B. ELLIS, Industrial Relations Adminis

trator-Engineering, General Dynamics / Fort Worth, P. O. Box 748, Fort 

Worth, Texas. An equal opportunity employer. 

GENERAL DVNAMICS I FORT WORTH (;111111110 
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TIME, MEN AND 
NEW ENGINEERING 

t·t 

272 

MANAGEMENT 
TECHNIQUES 
AT THE NAVAL 
LABORATORIES IN 
CALIFORNIA . . .  

Space-age technology demands 
the ultimate from time, whether it 
is a second, or 60 seconds, one hour 
or a thousand hours ... each ticking 
segment can be critical in terms of 
production and, perhaps, in the life 
of a nation. 

No one knows the importance of 
time and its management better 
than the Naval Laboratories in Cali
fornia ... where some of the highest 
priority items for national defense 
are designed and engineered from 
concept to prototype. 

Out of such s'elective knowledge 
and need, scientists at the Labora
tories have created engineering
management techniques' to extract 
the most out of time, machines and 
m e n. O n e  of t h e s e  t e c h n i q  u e s ,  
PERT, developed t o  expedite com
p l e t i o n  o f  t h e  Po l a r i s m i s si l e , 
worked so well that it cut two years 
from the original time schedule. 
Another technique, MISSION 
SUCC E SS, already in effect at 
PMR and NMC, serves as an over
all criterion for achieving the ulti
mate in reliability, availability, and 
performance from each project, 
whether the smallest ordnance com
ponent or the largest lunar probe. 

Whether you are concerned with 
engineer ing-management tech
niques, design of a weapons system, 
oceanography studies, radiological 
research, or a score of other critical 
scientific areas, you'll find the chal
lenge to match your capabilities at 
the Naval Laboratories in .Califor
nia. Qualified scientists, engineers 
and technicians interested in explor
ing employment opportunities at any 
of the laboratories listed below are 
invited to contact the Personnel 
Director, Dept. A, at the facility of 
their choice. 

Pacific Missile Range (PMR) and U.S. Naval 
Missile Center (NMC), Point Mugu 

U.S. Naval Ordnance Test Station (NOTS), 
China Lake and Pasadena 

U.S. Navy Electro nics Labor atory (NEll, 
San Diego 

U. S. Naval Civil Engineering laboratory 
(NCEL), Port Hueneme 

U.S� Naval Ordnance Laboratory (NOLC), 
Corona 

U.S. Naval Radiological Defense Laboratory 
(NRDLl, San Francisco 

U.S. Naval Perso nnel Research Activity 
(NPRA), San Diego 

U.S. Naval Weapons Station, Quality Evalu· 
ation Laboratory (QELl, Concord 

All qualified applicants will be considered for employment without regard to race, creed, c% r, sex, or national origin. 

U.S. NAVAL LABORATORIES ' 
IN CALIFORNIA 

from the sheet metal and keeps the 
soldered jOints from melting. If the c;;tns 
are not completely dry, the molten lead 
may spatter and cause severe burns. A 
face shield, hat, gloves and a garment 
with long sleeves should be worn for 
safety. Do not melt more lead at one time 
than can be safely carried and poured. 
Let the castings cool for at least an hour 
before removing them from the sand or 
earth. Then drill and tap the lead to 
take an accurately centered screw to 
which suspension hooks are attached. 
Each completed unit should weigh 16.3 
kilograms. Although their weight need 
not be precisely this amount, the weights 
of each must be the same and should be 
determined to within 100 grams. The 
weights are equalized by filing lead from 
the heavier of the pair. After the weights 
have been suspended from the aluminum 
brackets and mounted on the turntables, 
measure and record the distance be
tween the suspension wires and the 
center of the turntable to the nearest 
millimeter. 

"The small weights carried by the bal
ance arm are much easier to make. 
Simply stand two Ij2-inch brass tubes 
with Ij32-inch walls on a smooth metal 
surface and pour in the lead. The tubes 
should be about four inches long to 
allow for shrinkage when the lead solidi
fies. When the lead is cool, saw an inch 
from the tops and square the ends with 
a file. Each weight is then drilled and 

notches in hook cmd wire 
frame filed to\ shaY'p � 
corneys to en-l 
sure noo- �( tW) 
rotating n f1 ) con t dC t S ----.......c #;2 4-sauge 

a.luminum 

/�� 

c_�·.:-y� .. bra::,� 
rod for measuring 

tot'sion constant 
wood en shade 5pline for 
cdYrying 5mdll weights 

Lower end of suspension 
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Continuum I: today and tomorrow in information·systems technology 

Information Retrieval 

Instant Bookmark 
The technology of information retrieval is one of the major con

cerns of SDC. For some time, our Satire system (semi·automatic 

technical information retrieval) has been capable of quickly pin

pointing, at widely separated SDC facilities, desired technical 

documents and authors' names. Satire can be operated by remote 

control, the only such system that can be so operated. A still 

newer SDC development is Protosynthex I, which is a phase of 

Synthex, our long-range project to teach computers to read and 

write English. Protosynthex is now able, almost instantly, to find 

single paragraphs within the complete text of an article or docu

ment. Next will come the ability to extract individual sentences 

and facts. As SDC continues to make noteworthy progress in 

many areas of information-systems technology, a number of new 

positions have been created on several of these major projects. 

Human factors scientists, operations research scientists, systems

oriented engineers, and computer programmers interested in join

ing this rapidly expanding tethnology are invited to write 

Mr. A. I. Granville, Jr., SDC, 2430 Colorado Avenue, Santa 

Monica, California. Positions are open at SDC facilities in Santa 

Monica; Washington, D.C.; Lexington, Massachusetts; Paramus, 

New Jersey; and Dayton, Ohio. An SDC brochure on informa

tion retrieval also is available. Requests 

for this new brochure should be sent to 

Mr. Granville at Santa Monica. "An 

equal opportunity employer." 

System Development Corporation 

273 
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How much 
lebensraum 

on a pin-point? 

Room for how many circuits on a 

dot? On a pin-head? A pin-point? 

Can you connect· them? Reliably? 

For a missile? A sub? 

AT AUTONETICS these are realistic 
questions necessary to leadership in 
applied microminiaturization for 
higher missile reliability ... Iower 
weight, cost ... smaller computers, 
guidance equipment ... new elec-
tronic applications ... automatic 
\'crews" for spacecraft. Current 
opportunities for inquiring specialists: 

Radar Systems Scientist: Analyze 
and develop radar data processing 
techniques and hardware for air
borne radar systems. 

Operations Research Specialist: 
Apply military operations research 
techniques to military electronic sys
tems requirements; reference to feasiw 
bilitx analysis, military tactics, and 
logistics. 

Electronic Thermodynamicist: Con
duct studies an environmental control 
req uirements for advanced inertial 
navigation systems including devel
opment of models for heat transfer 
and thermodynamics miniaturized 
inertial navigation systems. 

If you are ready to move ahead with 
one of the nation's top electronics 
organizations, send your resume now 
to Mr. J. J. Theibert, Professional 
Recruiting Services, Autoneties, Ana
heim, California. 

All qualified appl icants will receive con� 
siderotio" for employment without regard 
to race, creed, color, or national origin. 

Autonetics @ 
DIVISION OF NORTH AMERICAN AVIATION 

Monning the frontiers of electronic progress 
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fitted with a small screw eye; these must 
be accurately centered because the sus
pension wires are presumed to pass 
through the center of mass of each 
weight and the distance between the 
centers of mass of the large and small 
weights must be subsequently deter
mined by measuring the distance be
tween the suspending wires. The small 
weights, of about 100 grams each, must 
be equal and measured to the nearest 
gram. 

"The balance-arm assembly is en
closed by an airtight case that includes 
a pair of metal-lined tubes for shielding 
the small weights. These shields can be 
made of clear plastic sheeting rolled and 
cemented. The electrostatic shielding 
that lines the tubes can be made of 
copper fly screen and is electrically con
nected to the grounded pipe support and 
guy wires. One side of the case is hinged 
for a door and sealed with weather strip
ping. 

"Any optical system that can project 
a reasonably sharp image of a cross hair 
can be used to indicate the position of 
the balance arm. I improvised a system 
that uses a clear Mazda lamp for the 
source and a common reading glass and 
spectacle lens for focusing the image of 
a fine wire on the screen, as illustrated in 
the accompanying'drawing [bottom of 
page 278]. Doubtless a satisfactory sub-

stitute could be constructed around a 35-
millimeter slide projector. 

"When the balance has been as
sembled as illustrated, carefully center 
the balance arm on its suspension hooks 
and hang the small weights in their 
shields. Measure and record the distance 
between the small weights to the nearest 
millimeter. If the arm is properly cen
tered, this will be twice the length of the 
lever arm through which the force of 
gravitational attraction is exerted on the 
torsion wire as a moment, or twisting 
force. Now turn the adjustment head at 
the top of the suspension pipe to position 
the balance arm longitudinally with re
spect to the case. If the torsion wire has 
been twisted during installation, several 
turns may be required to align the bal
ance arm. The balance arm can be 
considered properly aligned when the 
small weights remain centered in the 
shielding tubes following an adjustment. 
Because the balance is sensitive and 
oscillates at a frequency on the order 
of only about one cycle per 10 minutes 
the inexperienced operator may tend to 
overshoot in making this adjustment. 
Make the final adjustments in small in
crements and wait at least 10 minutes 
between adjustments for the arm to re
spond. After centering the arm, align 
the optical system and thereafter observe 
the movements of the balance by meas-

solid pla:;tic wheels, 

W�ight i[1<���m�if/ 
must han�) 
in�jde line 
of casters 

to 
Masonite 

Bar :>top and %" pin 

nonswivel 
casters 

. ." .  

in ca.n cover limit turntable t o  lsd rotation 

Details of the turntable construction 
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tu rn over a new l ife at XEROX 

H o w  wou l d  you l i ke t o  l ive l i ke 
this,  on  a tree-s haded avenue . . .  

just 1 5  m i n utes fro m work at 
Xero x ' s  modern Webster p l a nt . . .  

1 0  m i n utes from o n e  of t h e  42 Roch ester 
golf c o u rses . . .  

20 m i nutes fro m the beaches 
of Lake O ntar io . . .  

and 1 h o u r  from the F i n g e r  Lakes reg i o n .  D o w n t o w n  s h o p p i n g ?  1 5  m i n u t e s  
away. (That 's  M i dtown Tower, where 
o u r  executive off ices are.) 

Yet you are only 1 hour  by air from 
New York City's theaters and 
n i g ht- l i fe. 

And , n ext desk to . . .  and n ext door  to fri endly ,  sti m u l a t i n g  
peop l e  l i ke yourself .  

When you j oin Xerox you not only take on an important j ob-you and your family 
can find a whole new way of life. No more commuting problems. No more seasonal 
or contractual layoffs. More time ( and facilities ) for fun. A chance to sink roots. 
Better educational opportunities and the pleasures of "estate" living for all the 
family. Four honest seasons. And most important, your own satisfaction in mak
ing better use of your capabilities in a rapidly growing company. You will help 
Xerox develop tomorrow's communication miracles today-a non-gelatin photo
graphic coating for fast processing, high resolution . . .  micro-miniature electronic 
circuits . . .  new imaging techniques through deformation of thermoplastic films 
. . .  and many others. 

Why n o t  f i n d  out how 
pleasant and exciting 

your life at Xerox and 

i n  Rochester can be? 

Write in confidence to 

Lee B. Sundsted, Xerox 

Corporation, D ept. SA· 

91, p, O. Box 1 540, 

Rochester 3, N. Y. 

XEROX 
C O R P O R AT I O N  

en �U.' oppoffunll, employe' 
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USEY ! 
Instruments by Perki n - E l m e r ' 

are " n  0 s i n  g "  into the un 

known . . .  helping to dig out the 

hidden facts of our world - and the 

universe. 

They're unique instruments. An IR 
spectrophotometer with sensitivity 

and resolution that will let it detect 

biochemical life on Mars from a space 

probe. A 36" telescope that will hang 

from a balloon yet swing from its 

target less than Ij50th of a second of 
a r c. A s u p e r  fast meteor camera 

which reveals effects of high speed 

objects in the atmosphere. And many 

others. '  

There a r e  many challenges unsolved 

. . .  many more yet to be met. At 
Perkin-Elmer they're in the hands of 

an elite team of scientists and engi

neers .' . .  leaders in electro-optics, 

detection,  measurement, resolution 

and recognition . . .  men who require 

more than the routine and mundane 

to find satisfaction in their careers. 

If you are such a person . . .  if you 

thrive on challenge . . .  if you would 

like to work where individual con

tribution is  encouraged, recognized 

and rewarded . . .  drop us a line briefly 

outlining your interests and experi

ence. We'n be pleased to arrange a 

convenient interview at which we can 

discuss Perkin-Elmer and your fu
ture. Write Mr. R. S. Byles, Perkin� 

Elmer, an equal opportunity employer, 

Norwalk, Connecticut. 

PERKIN-ELM ER 
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#24-gduge 
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"',  u m' inurn 
(fo ld on 
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J U i ce 

can 
f i l l ed 
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{OO] l �fx �" X Yt6 � 
-c...... s teel  ho ld- do w n s 

5 crew 
t a p p e d  into l ead 

Suspension system for the large weights 

uring the movements of the cross hair 
on the scale . 

"In order to - measure the force re
quired to twist the torsion wire, first care
fully m ark on the arm the points at which 
the balance arm rests in the suspension 
hooks;  then remove the balance arm and 

, 

small weights and replace the assembly 
with a brass rod a 1/4-inch in diameter 
that equals the total weight of the bal
ance-arm assembly to within a gram . 
( The balance-arm assembly of my ap
paratus weighs 239 grams and the 
length of my 1/4-inch brass bar of equal 

; , ' , 4 8" X 1 0" X Y2" , [I p ly wood b a c k  d n d  l!I7 h i ng e d  front 

I I H 
1�" 

� flY-5 c reen l i n i ng fo r e lectrostdt i c  s h i e l d  
Case for shi.elding the balance·arm assembly 
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SNAP-a :vital i n -space power 
T h e  S N A P-8 n u c l ea r  t u rbo- e l ect r i c  s p a c e  power c o n v e rs i o n  syste m ,  u n d e r  

d eve l o p m e n t  f o r  t h e  N at i o n a l  A e ro n a u t i cs a n d  S p ace A d m i n i strat i o n  to 

p rov i d e  1 0 ,000 h o u rs of cont i n u o u s  o p e rat i o n  i n  s p ace ,  is t h e  k i n d  of r e l i a b l e ,  

l o n g - d u rat i o n  power t h at w i l l  become i n c reas i n g l y  i m p o rtant  i n  t h e  a m b i t i o u s  

years a h ead a s  m a n n e d  o r b i t i n g  l a bo rato r i es a r e  l a u n c h ed . . .  d ee p - s p ace 

p ro bes push  off to such p l a n ets as M a rs and Ve n u s  . . .  p e r m a n e n t  l u n a r  

b ases a r e  esta b l i s h e d .  

S NAP-a ��!�t����!,�,�t f��P��O�' d�,��?,�,,�"�£���,��!� iB�� 
D I V I S I O N  M S  d e g rees ( p a rt i c u l a r l y  i n  m e c h a n i c a l ,  e l ect r i c a l ,  m etal l u rg i c a l ,  n u c l ea r  o r  aero n a u t i 

c a l  e n g i n e e r i n g )  i n  t h e  fo l l owi n g  areaS . . . N U CLEAR POWER SYSTEMS:  d e s i g n  a n d  a n a l y 

s i s  o f  d y n a m i c  l i q u i d  m e t a l  syste m s ,  st ructu ral  a n d  t h e r m a l  d e s i g n .  SOLAR P O W E R  
SYSTEMS :  d e s i g n  a n d  a n a l y s i s  o f  d y n a m i c  a n d  stat i c  c o n v e rs i o n  syste ms,  e n e rg y  stor

age, a b s o r b e rs ,  and c o n c e ntrat i n g  d e v i c e s .  ROTAT ING M A C H I N ERY:  t u r b i n e s ,  p u m ps ,  

moto rs,  s e a l s  a n d  bear i n g s .  H EAT EXCHANGERS:  l i q u i d  metal  h eat transfer ,  b o i l e r  a n d  

c o n d e n s e r  d es i g n a n d  d e ve l o p m e nt .  M ETALLURGY:  advanced l i q u i d  m etal  m ate r i a l s  

a n d  syste m s  tec h no l og y ,  spec i a l i ze d  w e l d i n g ,  h i g h  te m p e rat u re m ate r i a l s .  TESTI N G :  
rotat i n g  c o m p o n e nts, e n v i ro n m e nta l ,  l i q u i d  m eta l s ,  n u c l e a r  syste m s ,  i n str u m e ntat i o n .  

SNAP-S DIVISION 

Send your resume-in confidence-to :  R .  c. SM ITH 

A n  E q u a l  O p port u n ity E m p loyer 

ENG I NEER ING  PLACEM ENT 
AEROJ ET·GENERAL CORP.  
BOX 296-P 
AZUSA, CALI FOR N I A  
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torque d e ve l oped I n  w I r e by att racti o n  betwee n  we i ghts determined by the length of the suspen
sion wires . m i r r o r  ( � l e n s 

i � 
, 
I ·  

angl e 2 A s ea l e� 
:4 . -_ T!:: 

4 00 em.  
---:, ' - ' ') 

"In order to determine the force of 
gravitational attraction between the 
large and small weights , first rota te the 
turntables until all four weights are in 
a straight line.  This is the neutral posi
tion in which the large weights exert 
no force tending to rotate the balance 
arm . Record the position of the cross 
hair on the scale . ( The cross hair may 
move erratically from time to time but 
excursions of less than a millimeter may 
be ignored . )  Next, rotate the turntables 
90 degrees so that the two heavy weights 
are on opposite sides of the case . Observe 
the cross hair. I t  will oscillate slowly for 
a time and come to rest about five mill i
meters from the previously recorded 
neutral position . Stay at least three 
meters from the balance assembly to 
minimize the influence of your own 
gravitational attraction on the small 
weights .  Record the position of the cross 
hairs when the balance reaches ey'uilib
rium . Then rotate the turntables 1 80 
degrees to shift the large weights to the 
other sides of the case and record the 
position at which the cross hair comes 
to rest at the side opposite the neutral 
position . Keep shifting the large weights 
1 80 degrees until a good average value 
for the total deflection of the cross bair
the distance between the extreme rest 
pOin ts-has been recorded . 

tan. A 11 . 2  
4- 00 X 2 -= .014 0 

averag e tot al  d istance 
i m age of c ro s s  h ai r  m o v e d  

ang I e  of ro t at i o n  o f  w i re -:= 

. 8 0 1  
2 

Geometry of the light beam 

weight is 35 inches . )  Center the brass 
bar carefullv on the suspension hooks 
and, after the image of the cross hair 
has come to rest on the scale, give the 
brass rod a slight impulse to set it in 
oscillation and then close the door of the 
case . 

"The objective is to determine the 
period of oscilla tion of the balance when 
the torsion wire is  loaded with the weight 
of the balance-arm assembly and from 
the period of oscillation to calculate the 
force, or moment, required to twist the 
wire. The brass rod i s  substituted for the 
balance-arm assembly because the sub
sequent calculation requires that the 
moment of inertia of the load be known, 
and it  i s  much easier to compute the mo
ment of inertia of a simple geometric 
form , such as a brass rod, than that of a 

complex shape such as the balance arm . 
The brass rod must oscillate smoothly in 
a horizontal plane without evidence of  
swinging, conical rotation or teeter
totter .  The period of the system, or the 
time required for the cross hair to move 
from one extreme position to the other 
and return, must be measured to the 
nearest second .  Time at least 10 oscilla
tions and record the average . Remove 
the brass rod, reinstall the balance-arm 
assembly according to the guide marks 
previously placed on it and check to be 
sure that the small weights are properly 
centered and in precise axial alignment 
with the pivots of the turntables .  If they 
are not so centered, align them by shift
ing the turntables . The centers of mass 
of the large and small weights must 
be at the same level, a position that is  "Simple arithmetic then makes i t  pos-

le ns  w i t h  4 - m eter fo cal l engt h  
1 5 0 - Wntt PS - ,25 
c l e a r  lamp w i t h  
f i  l am ent end wise 
t o wd rd l e n s e s  

(e i the r  a. Y+ - d  i op t er s p e c t a c l e  l e n :>  � 1" )( } .• 

oY' a + 1,333 - m m . f I .  lens i n  c o n - m i r ro r  
Read i ng g l a s s  t a ct with a - 2,oo o- m m .  f. 1 .  l ens} o n  5 U':;-

foc- u s c:> imag e  ----------I pe n s i on 
of fi l a m e n t  onto ----- "-\ = abo�t 4 meters _______ ,� I � oY.? 

open-top 
l igh t sh i e ld 

Spheri ca l m i rr o r  
fo c u s e s  i m ag (;  o f  
f i la. m e nt o n  i t s e l f  
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suspend ed mi r r o r  r ;?i 4' �_v . '  
II � - ... > .  �'magc of ---� - I �" ' ; ; :" ;/////// '" . . �.::-- / ' . - '� , .01 cross h ' ...--:::-:: � --- ': ' ' . 

. h '  c ross a l� �;:::::::- 2" " :;" : 
I a i r  .-----: -� , 
I 7 ��:;:::- w i n d o \N  ----- :-- ----. - � �;::----

< : �; ::-� frosted glass o r  

���� . san ded p l a sti c 

Optical system. of the apparatus 

d Yilft proof s h i  e l d5 
foy s m a l l - we i ght  
s u spen s i on 
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C h ec k o u t  p roced u re s  o n  a n e w l y  m a n u 

fact u red s pa c e  v e h i c l e- its every c o m 

p o n e nt ,  s u b syste m a n d  f i n a l ly ,  c o m p l ete 

syste m - h ave u nt i l  rec e nt ly  been a m o n u 

m e ntal  task.  T h e  c o m p l ete p e rfo r m a n c e  

of e a c h  i tem was rec o r d e d ,  t h e n  e i t h e r  

p ro c e s s e d  a n d  a n a l yzed u s i n g  e n t i re l y  

m a n u a l  tec h n i q u e s ,  o r  r u n  t h ro u g h  c o m 

p uters ,  t ra n s l ated i nto d i g ita l  l a n g u ag e ,  

a n d  t h e n  m a n u a l l y  i nterp reted a n d  c o m 

p a r e d  w i t h  p re d ete r m i n e d  o pti m u m  sta n d 

a r d s .  Two t o  t h ree weeks often  e l a p s e d  

before f i n a l  a p p rova l c o u l d  b e  g i v e n .  

W i t h  t h e  L o c k h e e d - d e v e l o p e d  

A U TO- D R A P E  s y s t e m - A u t o m at i c D at a  

R e c o rd i n g  a n d  Proces s i n g  Eq u i p m e nt

c h e ckout  t i m e  has b e e n  cut to a few d ays.  

T h e  key to th is  t ime and l a b o r  sav i n g  sys

tem i s  s i m p l e : A "f i lter" device h a s  been 

i n stal l e d  between t h e  c h eckout  s i g n a l  a n d  

t h e  a n a l yst. AUTO-DRAPE  t h u s  p ro d u ce s  

a n  " e x c e pt i o n "  re p o rt-a p r i nted ta b u la

t ion of v e h i c l e  f u n ct i o n s  n ot p e rfo rm i n g  

with i n  p reas s i g n e d  l i m its .  T h i s  a d v a n c e d  

t e c h n i q u e - w h i c h  m a k e s  u s e  o f  a r e a l  

t i m e ,  o n - l i n e  d i g ita l  c o m p u te r - e l i m i n ates 

t h e  need to m a n u a l l y  exa m i n e  some 80 % 

of t h e  d ata. 

With t h i s  syste m ,  e n g i n eers  at L o c k

h e e d  M i s s i l e s  & S p a c e  C o m pa n y  are  n o w  

a b l e  to process d ata a t  t h e  a m az i n g  rate 

of 40 Kc in real lime.  Based on t h e s e  

p r i n c i p l e s ,  L o c k h e e d  i s  a l s o  o p e rati n g  t h e  

VA D E  s y s t e m ,  c u r r e n t l y  p e rf o r m i n g  

l a u n c h  read i n e ss f u n ct i o n s  at t h e  Pac i f ic  

M i s s i l e  R a n g e .  A f u rt h e r  exte n s i o n  of t h i s  

c o n cept i s  b e i n g  deve l o p e d  to p r o c e s s  t h e  

te l e m etered s i g n a l s  o f  a v e h i c l e  i n  f l i g ht. 

LOOK AT LOCKHEED • • •  AS A CAREER. 
C o n s i d e r  L o c k h e e d ' s  l e a d e rs h i p  i n  s p a c e  

t e c h n o l o g y .  Eva l u ate i t s  acco m p l i s h m e nts 

- s u c h  a s  the P o l a r i s m i s s i l e  and t h e  

A g e n a  v e h i c l e ' s  s u pe r b  p e rfo r m a n c e  rec

ords.  Exam i n e  i ts  o utsta n d i n g  advantages 

-locati o n ,  a d va n c e m e n t  p o l i c i e s ,  c reative 

c l i m ate,  o p p o rt u n ity for recog n i t i o n .  

T h e n  w rite f o r  a b ro c h u re t h at g ives  y o u  

a m o r e  c o m p l e t e  L o o k  a t  L o c k h e e d .  

A d d re s s : Research & Devel o p m e n t  Staff, 

D e pt. M -49 E ,  P . O .  Box 504, S u n n yva le ,  

C a l ifo r n i a .  L o c k h e e d  i s  a n  equa l  o p p o r

t u n ity e m p l oyer .  

SCIENTISTS & ENGINEERS: In  a d d it i o n  

to p o s it i o n s  r e l at i n g  to A ut o m a t i c  C h e c k

o ut ,  s u c h  as e l ectro n i c  e n g i n ee r s  s p e c i a l 

i z i n g  i n  d i g ita l  c i rc u itry a n d  l o g i c a l  d e s i g n ,  

oth e r  i m p o rtant o pe n i n g s  ex ist  f o r  s p e c i a l 

i sts i n : Laser  research · B i o-astro n a u t i c s  

• G u i d a n c e  a n d  c o n t r o l · O p e r a t i o n s  

Research . T rajectory a n a l y s i s . Gas dy

n a m i c s  • O r b it t h e r m o d y n a m i c s . C h e m i 

c a l  a n d  n u c l e a r  p ro p u l s i o n .  

MISSILES & SPACE COMPANY 
A GROUP DIVISION O F  �OCK.HEEO AIRCRAFT CORPORATION 

S u n nyval e ,  P a l o  Alto ,  V a n  N u y s ,  Sa nta C r u z ,  

Santa Mar ia ,  C a l ifo r n i a  • C a p e  Ca naveral ,  

F l o r i d a . H u ntsvi l l e , A l a b a m a · H awai i  

L OOK A T  L OCKHEED . . .  ' A UTOMA TIC CHECI(OU T 
Reducing data reduction 
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GO/E 

The HydroacQustics Laboratory at General 

Dynamics/Electronics is the most modern 

and complete to be found anywhere. Work 

on in·the-house contracts is interesting and 

challenging, often moving well beyond the 

state-of-the-art. Of particular value for this 

work is an indoor test tank, largest of its 

kind, designed and implemented specifically 

as a research tool. At nearby Seneca Lake is 

the Underwater Test Evaluation Center, 

consisting of a barge 165' long that is capa

ble of testing transducers up to 35 tons. 

SENIOR ENGI N EER 
B S  o r  M S  i n  M E  with 2 to 5 y e a rs experi·  

e n c e  i n  transducer d e s i g n ,  with e m p h a s i s  

o n  t h e  m e c h a n oacoustic a s pects. Assign

m e n t  w i l l  i nvolve design a n d  d evelopment 

of t r a n s d u ce rs for both c u stomer a n d  com

p a ny-orig i n ated req u i rements,  with p a rtic

u l a r  e m p h a s i s  o n  a r ray behavior.  

M ECHAN ICAL or ELECTRON ICS 
ENGIN EER 
B S E E  or B S M E  w i t h  at l e a st 2 yea rs expe· 

r ience i n  t h e  design of t r a n s d u cers.  To as

sist  i n  t h e  design fo l l ow u p ,  m a n ufactu r i ng 

fol low u p ,  a s s e m b l y  a n d  l a b  tests of c o m ·  

p l e x  h y d r o a c o u s t i c  devices.  

ENGINEER 
B S  o r  M S  i n  C h E  w i t h  2 to 5 y e a rs experi·  

e n c e .  Assignment wi l l  b e  i n  a p p l ication 

e n g i n e e r i ng, p rocess eva l u at i o n .  p i l o t  p l a n t  

d e s i g n .  a n d  econ o m i c  s t u d i e s  i n  conn ec

tion with i n d u s t r i a l  sonics. This posit ion 

wi l l  involve a p p l i cation of a l ow-cost mega

w a t t  s o n i c  e n e rgy s o u rc e  t o  c h e m i c a l .  

m e c h a n i c a l .  c e r a m i c ,  a n d  m eta l l u rg i c a l  

p rocesses. 

A d d i t i o n a l  a reas of i n t e r e s t  a t  G e n e r a l  

Dynamics / Electronics include electroacous

tics. communications and electronics ad

vanced development. space electronics and 

navigation, reconnaissance/countermeasures, 

data and radio communications, and antisub

marine warfare. 

To foster this high level work. the Company 

provides a quiet working environment in 

separate departmental groups and labora

tories in its modern facility on the fringe of 

greater Rochester. The C ity itself boasts the 

largest percentage of professional people in 

the nation i n  the 500.000 population class. 

and it is noted for its cultural, educational 

R e s u m e s  s h o u l d  be ad
dressed to R. W. Holmes, 
reg. eng .,  Dept. 116.  

GII I I I I I ID 
G E N E RAL DYNAM ICS 

E LECTR D N I C S  
1400 N .  GOODMAN ST., ROCHESTER I ,  N .  Y. 

An Equ a l  Opportun ity Employer 
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sible to solve for the value of G and the 
'weight' and density of the earth [see 
box below] .  

"The attractive force exerted between 
the large and small cylinders of lead used 
in this apparatus does not equal so much 
as the weight of a small gnat's wing, 

D i m e n s i o n s  of the a p p a ratu s :  

( It amounts t o  about a hundred-billionth 
of an ounce . ) Even a relatively crude 
torsion balance responds easily to forces 
of this order, however, as indicated by 
the closeness to the generally accepted 
values of the values derived by the ex
periment ." 

M = mass of large we i g ht = 1 .63 x 1 0' g rams 

m = mass of smal l we i g h t  = 1 .01 x 1 0' g rams 

a = d i stance of sma l l  we i g h t  from center of ba lance arm = 50.8 cent i meters 

<p = a n g l e  of rotat ion of tors ion  w i re = .4 deg ree 

dn = d i stance between M and m when  we ig h ts are in n e u tral pos i t i on  
= 1 1 .3 cent i meters 

d, = d i stance between M and m when  m i s  attracted to M 
= do - a [tangent  q>J = 1 1 .3 - .352 = 1 0 .9 cent imeters 

W = we i g h t  of b rass rod = 239 g rams 

R = rad i u s  of  b rass rod  = . 3 1 8 cent i meter 

/ = l ength  of b rass rod = 88.9 cent i meters 

T = per iod of osc i l lat ion of b rass rod = 678 seco nds  

C o m puted c o n stants of t h e  a p p a rat u s :  

J = m o m e n t  o f  i n erl ia o f  the b rass r o d  = W [R'/4 + l ' /1 2J 
= 239 [ .3 1 8' /4 + 88.9' /1 2J = 1 . 58 x 1 0' g ram·cent imeters' 

L, = torque per rad ian  of rotat ion  of w i re = 4n'llT' 
= 4 x 3 . 1 4' x 1 .58 x 1 0'/678' = 1 3 .5  dyne  cent imeters/rad ian  

Lo = L/57 .3 = 1 3 .5/57.3 = 2 .36 x 1 0- '  dyne  cent imeter/deg ree 

L = w i re torq ue  = L, q> = 2.36 x 1 0- '  x .4 = 9 .45 x 1 0-' dyne  cent imeter 

F = force of g rav i tal iona l  attract ion  between M and m 
= L/2a = 9.45 x 1 0-'12 x 50 .8 = 9 .28 x 1 0-' dyne  

V a l u e  of G f r o m  N ewto n ' s  eq uat ion ( F  = GMmld' ) :  
G = g rav i tat ion  constant = Fd'IMm 

For th i s  exper iment  d = d, 

Therefore G = 9 .28 x 1 0-' x 1 0 .9'/1 .63 x 1 0' x 1 .01 X 1 0' 
= 6 .7  X 1 0-' dyne  cent imeter'lg 

Where 9 = g ravi tat ion  accelerat ion  (at locat ion  where exper iment  
was performed , assu med to be 980 cent i meters/second')  

Accepted va l u e  for  G = 6.670 X 1 0-' dyne  cent imeter'lg 

Mass of the earth : 

Fg = g rav i tat iona l  attract ion of earth for a n y  body of mass m, 
= m,g = GM,m,lr' 

Where M, = mass of the earth 
r = rad i u s  of earth = 6.37 x 1 0' cent i meters 

Me = gr'IG = 980 x [6.37 x 1 0'J'/6.7 x 1 0-' = 5 .93 x 1 0" g rams 
o r  6 .5 x 1 0" tons 

Accepted value for mass of the  earth = 6 .60 x 1 0" tons 

A verage d e n s ity of the eart h : 

D = denS i ty of earth = M, /V 

V = vo l u me of earth = 4nr3/3 

Therefore 0 = 5 . 93 x 1 0"1 [4  x 3 . 1 4  x (6.37 x 1 0' ) 3 /3J 
= 5.5 g rams/cen t imeter' 

Accepted va l u e  for earth 's  denS i ty = 5.52 g rams/cen t i m eter3 

Calculations to determine the value of the constant G 
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T h e  co ntest is now i n  its m i d d l e  p h ase 

- te n s e ,  s u btl e ,  co m p l ex and i n 

fi n i te ly  c h a l l e n g i n g .  

A t  M I T R E  t h e  work c o n c e r n s  deve l 

o p m e nt o f  co m m a n d  a n d  contro l  sys

te m s  v ital  to o u r  cou ntry ' s  d efe n s e  -

vita l  to t h e  " m i d d l e  g a m e . "  T h e  

strategy i s  t o  stay a l ways a move o r  

more a h ead o f  t h e  oth e r  s i d e  . . .  t o  

cou nte r t h e  th reat, ant i c i pate t h e  

futu re t h reats so t h a t  a m o re c r i t i c a l  

p h ase can never  b e  reac h e d .  

L i ke a n y  i m portant j o b ,  w h at we d o  i s  

sati sfy i n g  from a p e rso n a l  p o i n t  of 

v i e w .  I t  is a lso extre m e l y  i nteresti n g  

p rofess i o n a l l y .  Co n s i d e r  t h e  possi b i l 

ity o f  j o i n i n g  u s .  

You wou l d  fi n d  you rse lf  work i n g  o n  

t h e  l ead i n g  e d g e  o f  yo u r  own fi e l d  -

b u t  yo u r  work wo u l d  p ro b a b l y  req u i re 

you to become fam i l i a r  w i t h  t h e  state 

of t h e  a rt i n  ot h e r  fi e l d s ,  as w e l l .  Y o u  

M I D D L E  G A M E  
Wilhoul in Ihe leasl decrying Ihe 

imporlance of Ihe opening and Ihe end

ing, which are vilal and in legral paris 

of chess, ii's safe 10 say Ihal Ihe heart 

and drama of Ihe bailie are concen 

Iraled in Ihe m iddle game. 

Here is Ihe arena where an open 

ing advan lage may be pressed home 10 
viclory or where Ihe foundation may be 

laid for a win n ing ending.  Here is Ihe 

backdrop of Ihrusl and riposle, sacri

ficial brilliancy, lac tical surprise, 

maslerly combination, attack againsl  

Ihe King, grand over-all slralegy, all 

occurring in Ihe weallh and complexily 

possible only on a board full of pieces . 

I .  A .  H o rowitz , 
How to Win in the 

Middle Game of Chess 

Dav i d  M c Kay Company ,  I n c .  

M ITRE 
C O R P O R A T I O N  
An Equal Opportunity Employer 

ca n n ot c reate a syste m of m a n y  parts 

w i t h o u t  l earn i n g  someth i n g  a b o u t  

each part . 

Yo u r  co l l eag u e s  wo u l d  be ta l e nte d ,  

sti m u l at i n g ,  a n d  cap a b l e ,  e n g a g e d  i n  

tec h n o l o g y  rat h e r  t h a n  p ro d u ct i o n .  

You wou l d  w o r k  o n  o n e  o r  m o re A i r  

Force p roj ects l i ke these : 

B U I C  (Back- U p  I nterce ptor Contro l )  

fo r t h e  SAG E syste m ; N O R A D  C o m 

b a t  O p e rat i o n s  Cente r ;  N u c l ea r  D e 

tect i o n  a n d  R e p o rt i n g  Syste m ; Post

Atta c k  Co m m a n d  a n d  Control  syste m ;  

a n d  m a n y  oth e r  p rojects we can not 

m e n t i o n .  

M I T R E  a l ways h a s  o pe n i n g s  fo r q u a l i 

fi e d  m e n  a n d  women a t  eve ry leve l ,  

from recent g ra d u ate t o  s e n i o r  p roj ect 

d i recto r .  The g reatest need i s  fo r 

e n g i n eers ,  p h y s i c i sts a n d  mat h e 

m at i c i a n s .  

Yo u r  move.  

A d d ress i n q u i r ies in  co n fi d e n ce to V ice Pres i d e n t ,  Tec h n i ca l  Operat i o n s ,  The M I T R E  Corporat i o n ,  Box 208R , Bedford ,  Massac h u setts . 
Open i n g s  are a l so ava i l a b l e  i n  Was h i ngton , D . C. a n d  Co l orado S p r i n g s ,  Co lo rado .  P i o n eer  i n  t h e  d es i g n  a n d  deve l o p m e n t  of co m m a n d  
a n d  contro l  syste ms , M I T R E  w a s  c hartered i n  1 958 to serve o n l y  t h e  U n i ted  States Govern ment .  T h e  i n d e p e n d e n t  n o n p rofit fi r m  i s  tec h 
n i ca l  adv isor  a n d  system e n g i neer  for t h e  A i r  Force E l ectro n i c  Syste ms D i v i s i o n  a n d  a l s o  se rves t h e  Federa l  Av iat ion  Agency  a n d  t h e  
Department  o f  Defense .  

2 8 1 
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FREE This Outstanding 4-Volume Library 
IORI  This Complete Science Reference 

VALUES TO $2975 
VAN NOSTRAND'S 
SCI ENTIFIC 
ENCYCLOPEDIA 
Revised, enlarged third 
edition of this classic of 
modern scientific refer
ence. 1800 pages, 14,000 
articles, over 100,000 def
initions, more than 1400 
i l lustratio n s ,  m a n y  in 
color. Facts,  principles ,  
applications from every 
field . Compiled b y  36 
eminent scientists . Cross
indexed for immediate  
reference. "Amazing ;ob." 

-The N. Y. Times . 
LIST PRICE $29.75 

THE WORLD OF 
MATH EMATICS 
Perhaps the most signifi
cant scientific publication 
of the decade, assembled 
over 15 years by James 
R.  Newman of Scientific American .  This  u n i q u e  
panorama of 2500 years 
of scientific progress pro
vides a chronicle of math
ematical thought from the 
Rhind papyrus to relativ
ity and automation. 2560 
pages, 500 illustrations, 
1 13 authors. 4 volumes, 
boxed, stamped in gold. 

LIST PRICE : $25.00 

. . .  TO DEMONSTRATE THE ADVANTAGES OF MEMBERSHIP IN The Library of Science 
THIS TRIAL OFFER dramatizes at least two 

rcasons why more than 57,000 scientists and 
professionals have joined The Library of Science : 
( l )  Your choice of either Introductory Gift 
demonstrates the calibre of books and the savings 
( over 40% ) you enjoy; and ( 2 )  Selections listed 
exemplify the broad program which, from hun
dreds of titles published monthly, offers the 
most valuable for your consideration. 

Choose from Many Discipli nes, at Reduced Prices 
You may draw upon titles in Electronics, Mathe
matics, Evolution, Genetics, Physics, Chemistry, 
B iology, Technology, Medicine, Human Behav
ior, Astronomy, Natural History, Anthropology, 
Philosophy of Science and other areas, as well 
as Scientific Reference. 

Members receive a monthly Newsletter con
taining authoritative reviews of significant new 
works. You need NOT take a book each month 
. . .  only three more Selections during the coming 
year, at Members' Prices. You receive a Bonus 
Book after every fourth Selection. 

l O- DAY TRIAL EXA M I NATION 
Mail coupon now, indicating your choice of Gift 
and first Selection. Examine the books for 10 
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by Erich Fromm 

MEMOHIES,  DREAJ.-IS, REFLECTIONS, by 
C. G. Jung.  Recorded and edited by 
Aniela Jaffe. Translated from the Ger
man by Richard and Clara 'vVinston. 
Pantheon Books ($7.50). 

" The older 1 have become the less 1 
have understood or had insight 
into or known about myself . . .. 

I have no judgment about myself and 
my life . There is nothing 1 am quite sure 
about. 1 have no definite convictions
not about anything, really. " 

These words were spoken late in life 
by C. G. Jung, a man who claimed to 
have found a way to self-knowledge that 
was superior to Freud's psychoanalysis. 
Jung's posthumously published autobi
ography gives us an answer to this and 
other questions that have puzzled many 
of Jung's readers . The autobiography, 
by revealing the man, shows that Jung's 
emphasis on the collective unconscious 
and his opposition to Freud's personal 
unconscious had the function of protect
ing him from becoming aware of his own 
repressed experiences by making his un
conscious part of a mythical entity that 
rules all men alike and knows no good 
or evil. J ung, a man relentlessly pursued 
by the furies of uncertainty, destructive
ness and loneliness, found a modicum of 
peace in what he thought were the reve
lations and commands of a myth ified 
unconscious.  

Jung's life from childhood on was 
dominated by the quest for certainty. 
Was God real? Was he, Jung, real? Was 
evil real? Eventually he believed he had 
found an answer in the concept th at his 
visions, dreams and fantasies were all 
manifestations of the unconscious and 
that he was the first to have discovered 
this ultimate reality, to have submitted 
to it  in full awareness and so tamed it .  
His autobiography is illuminating and 
impressive. It would arouse deep com
passion, at least in this reader, if it were 
not for the fact that Jung combined an 

BOOKS 
C. G. lung: prophet 
of the unconsclOUS 

incapacity to see the truth with such a 
degree of opportunism that as a tragic 
hero he often resembles the Pied Piper 
of Hamelin. 

His doubts began early. At the age of 
three or four he had a dream that, as 
he l ater interpreted it, expressed his 
doubt whether or not Jesus was devour
ing little children. A similar and even 
more troubling experience of his child
hood occurred when he was 12: he felt 
a compulsion to think that God, sitting 
on his golden throne, defecated and shat
tered a beautiful church. Fearing that 
if he allowed himself to think this ,  he 
would be committing a most frightening 
si n,  he tried to avoid the terrifying 
thought.  Eventually, when the torture 
WIIS un bearable, he decided that if he 
was obsessed by the blasphemous temp
tation, it must be God's will . He then 
gave in to the thought and felt that he 
had experienced the miracle of grace by 
such complete submission to God's will . 
(In th is experience as well as in many 
traits of his personality Jung showed a 
remarkable kinship to Luther.) "I had 
experienced a dark and terrible secret. 
It overshadowed my whole life and I be
came deeply pensive ." Indeed, uncer
tainty, submission and the hate/love 
ambivalence toward God (and, inciden
tally, toward his father) remained the 
theme of his life . 

In the period when he was a young 
psychiatrist, particularly during his close 
association with Freud, Jung was to some 
exten t  liberated from the tortures of un
certainty. Science seemed to give him 
the certainty he had been seeking so 
desperately. Freud's purity and intellec
tual power impressed him deeply; more
over, it must have meant a great deal to 
him to be chosen by Freud as the 
"crown prince" over the heads of a num
ber of rivals who had served Freud 
faithfully for many years. 

Nonetheless darkness won out over 
Jung's rational tendencies.  He felt com
pelled to break with Freud-and with 
scientinc thought. The break must have 
been more surprising to Freud than to 
Jung. Freud had been troubled by Jung's 
belief in occult phenomena: premoni-

tion, extrasensory perception and the 
like. Freud sensed Jung's unconscious 
death wishes against him and tried to 
analyze them, without success. Persuad
ed by the hope of having found a Ger
manic Paul to spread the gospel to the 
Gentiles, Freud was not aware of Jung's 
insincerity toward him . Although Jun g  
told Freud h i s  dreams, h e  l ied t o  him 
about his associations with them, ration
alizing this behavior by saying, "It would 
have been impossible for me to afford 
him any insight into my mental world," 
and excusing his insincerity with the 
words "A la guel're comm e  ella guerre!" 

Freud had no idea th at Jung was waging 
war against him . 

The two men differed over the psychic 
role of sex, but the reasons for their 
break were much deeper. Jung thought 
that for Freud sexuality was "a hidden 
God. " The fact was that Freud insisted 
so vehemently on the role of sex because 
to him, rightly or  wrongly, it was the ::mly 
explanation of neuroses. The real reason 
for their incompatibility was the conflict 
between Freud's rational approach and 
Jung's romantic obscurantism. 

Nothing illustrates this conflkt better 
than a dream Jung had at the time of 
his break with Freud. The gist of it was 
that Jung saw Siegfried appear on the 
crest of a mountain and knew that he, 
Jung (together with a dark savage) , had 
to kill him. S iegfried was struck dead 
by Jung's bullet. Disgusted with his 
deed, Jung turned to flee, impelled by 
the fear that the murder would be dis
covered. Suddenly a tremendous rain
storm began and wiped out the traces of 
the murder. ("I had escaped the danger 
of discovery . . .  but an unbearable feel
ing of guilt remained.") In spite of 
Freud's repeated suggestion that Jun g  
wished h i s  death a n d  t h e  fact that the 
name Siegfried so closely resembled Sig
mund, Jung had no idea what the dream 
meant. After he had awakened, a voice 
had said to him: "If you do not under
stand the dream you must shoot your
self!" How did Jung "understand" the 
dream? To him the dream meant that he 
had killed the hero Siegfried within him
self, that "my heroic idealism had to be 
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abandoned for there are higher things 
than the ego's will, and to these one must 
bow. " Thus he explained his murderous 
impulse toward Freud as an expression 
of his own humility. 

The break with Freud-and with ra
tional thought-ended in a new and 
severe personal crisis for J ung.  ("It 
would be no exaggeration to call it a 
state of disorientation. " )  He withdrew 
from the University of Zurich and found 
himself "utterly incapable of reading a 
scientific book . " He gave himself com
pletely to work on his fantasies . Aided 
by his ability to perceive hypnagogic 
images and by his increasing acquaint
ance with mythology and the history of 
religion, he produced fantasies and even 
saw visions .  Still he was plagued by 
doubt. Was his guru Philemon, who en
lightened him during their "walks ," real 
or only a product of his imagination? 
Was he, as a psychopathic patient tried 
to convince him, only a modern artist 
who seeks "to create art" out of the un
conscious? Were the fantasies he was 
producing "really spontaneous and nat
ural and not ultimately my own arbi
trary inventions?" At the height of this 
crisis salvation carne . He broke with the 
patient who maintained that his visions 
were "art," and he saw everything in 
terms of circular "mandala " images .  His 
conclusion was: "There is no linear evo
lution;  there is only a circumambulation 
of the self. Uniform development exists, 
at most, only at the beginning;  later, 
everything points toward the center.  
This insight gave me stability and grad
ually my inner peace returned. I knew 
that in Rnding the mandala as an ex
pression of the self I had attained what 
was for me the ultimate ."  In addition 
his study of alchemy and of the Chinese 
The Secret of the Golden Flower helped 
h im to convince himself that his own 
visions and fantasies were not merely 
subjective but constituted an objective 
reality shared by and governing all men . 

Jung had finally achieved what he had 
hoped for: "I myself had to undergo the 
original experience and moreover try to 
plant the results of my experience in the 
soil of reality ; otherwise they would have 
remained subjective assumptions with
out validity . . . .  M y  delivering myself 
over to [the service of the psyche], as it 
were, was the only way by which I could 
endure my existence and live it as fully 
as possible." After his childhood experi
ence of God's grace Jung had again 
found a way to salvation. Now the un
conscious had become God, and Jung 
was the first to become its prophet .  

This  isolated man had found a way to 
relate himself to others . "It was clear 

to me from the start that I could find 
contact with the outer world . . . only if 
I succeeded in showing . .. that the con
tents of psychic experience are real, and 
real not only as my own personal experi
ences but as collective experiences which 
others also have . . . .  I knew that if I did 
not succeed, I would be condemned to 
absolute isolation." 

Why did he make such an extraordi
nary effort to escape an awareness of his  
inner personal reality? First  of al l ,  his  
suspiciousness and isolation made it im
possible for him to be psychoanalyzed 
by somebody else and even, as we have 
seen, for him to be frank with Freud_ 
This incapacity for frankness, which 
Jung explained as the necessity of having 
a secret, was rooted in his narcissism (an 
orientation in which only subjective ex
perience, as opposed to the outside 
world, is fully real ) .  Jung's narcissism 
was also the condition for his claim that 
his visions and fantasies represented an 
objective and independent reality. If he 
dreamed, for example, that he was kneel
ing in front of an attractive woman 
patient, it meant that she was saintly
how else could he have had the dream? 

Yet since Jung was not insane, he was 
never entirely convinced. Because of his 
doubts he had to take refuge in elusive 
language and naive philosophical state
ments . Thus h e  wrote in Psychology and 
Religion that psychology is only occu
pied with the fact that a certain idea 
exists (for example, the idea of virgin 
birth ) and not with whether or not 
its content is true . "The idea is psycho
logically true inasmuch as it exists," just 
as "an elephant is  true because it exists." 
In spite of these cautious statements 
J ung proceeds to say that psychological 
existence is subjective inasmuch as an 
idea occurs only in an individual but that 
it is objective in that it is "shared through 
a consensus gentium by a large group . "  
In his autobiography Jung goes even 
further by ascribing objective reality t o  
h i s  fantasies.  

Jung did not perceive that the same 
fantasies can be shared by millions of 
people because of common irrational 
needs, or that such multiplied fantasies 
are no proof that their contents have any 
logical validity or reality in  themselves. 
The more J ung persuaded himself of the 
reality of his visions the less he knew 
about himself. This is expressed in the 
last sentence of the book: "In fact, it 
seems to me as if that alienation which so 
long separated me from the world has 
become transferred into my own inner 
world, and has revealed to me an un
expected unfamiliarity with myself. " 
Jung's autobiography shows the basis for 
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his  emphasis on the point that the phe
nomenon of belief is a "truth ." He had 
to reassure h imself against his  continu
ous doubts. Even if the contents of his 
visions were not real, the visions them
selves constituted a truth. 

There IVas another reason for .Tung's 
inability to make his unconscious con
scious ; it lay in the fact that the contents 
of his unconscious were extremely fright
ening. The reader of this autobiography 
does not have to be a psychoanalyst to be 
impressed by .Tung's deep affinity for 
death, destruction, the past, the dark, 
ice, stones and everything that is not 
alive. Blood and corpses, skulls and mur
der are the repetitive theme of his 
dreams.  Granted that no one is free from 
murderous impulses, this picture, in its 
emphasis and consistency, constitutes a 
psychological syndrome that is found in 
persons with an affinity for destruction, 
the past, the inorganic . .Tung was a man 
deeply attracted by the dark, not by the 
light. But this was not all of Jung. He 
was also extremely productive, imagina
tive and in  many ways alive . He could 
not accept his necrophilous complex. He 
had to fight it, partly by repressing it, 
partly by transforming it into a livelv 
interest in the powers of darkness . 

What I have said so far may sug
gest the difference between Jung's and 
Freud's views of the unconscious and of 
therapy. On the surface it appears that 
Freud emphasized the personal and sex
ual aspects of the unconscious, whereas 
.Tung emphasized its collective and non
sexual aspects. Although this is more or 
less correct, it is not the main difference. 
Freud had an evolutionary-as Jung 
called it, "linear" -concept that implied 
value judgments and goals for human 
development. M an historically and in
dividually develops from archaic (nar
cissistic, destructive, cannibalistic) im
pulses to higher forms of behavior in 
which reason and independence are 
achieved; this process occurs by repres
sion and sublimation and also by the 
transformation of the libido itself from 
the narcissistic to the genital level . Men
tal illness is the result of the failure 
to solve the conflict between archaic
regressive and progressive-rational tend
encies. By becoming aware of the irra
tional tendencies within himself the 
individual can gain the ability to over
come them . Freud's therapy was based 
on the concept "The truth shall m ake 
you free. " His airn was to replace the 
archaic by the rational, fixation by in
dependence, the id by the ego . 

For Jung there was no such evolution
ary concept and no value judgments ; 
there was "circumambulation ."  The un-

conscious corresponds "to the myth ic 
land of the dead, the land of the ances
tors"; it represents the past, the most 
primitive layer of man. For Jung analysis 
meant seeing the forces of the past and 
the dark in man, finding names and 
images for them and weakening the dark 
and evil powers by mythifying them. 
But the unconscious is also the source of 
all wisdom and vitality, it can be equated 
with God, and man must s urrender to it. 
The unconscious rules man m-ercifully if  
he has tamed it by words and images, 
cruelly if he fails to do so . .Tung's uncon
scious is God and the Devil, and man is 
ridden by it. 

The collaboration of Freud and J un g 
was a misunderstanding;  they shared an 
interest in the unconscious but their aims 
and intentions were opposite . For Freud 
uncovering the unconscious was essen
tially a critical task, the criticism of illu
sions and self-deceptions . Jung, on the 
other hand, said: "The more the critical 
reason dominates, the more impover
ished life betQmes." For Freud criticism 
was liberating;  for .Tung it was a menace 
to life . The mystery is  not why they 
parted but why they ever had the illu
sion that they had the same aim . 

Jung was certainly not a religious man 
in the Christian, Jewish, M oslem or 
Buddhist sense . He was essentially a 
pagan, more specifically a worshiper of 
evil gods and goddesses rather than 
those of the Olympian religion.  But he 
lacked Nietzsche's boldness and honestv . 
He never admitted to himself that he 
had no faith in God. He speaks of the 
"Creator" ; he put an inscription at the 
entrance of his house that said: "Sum
moned and not summoned, God will be 
there ." He wrote: "Hence I prefer the 
term 'the unconscious,' knowing that I 
might equally well speak of God or 
'daimon' if I wish to express myself in 
mythic language ." 

Why this  ambiguity? Why did this re
ligious relativist who never understood 
the s ignificance of truth as a religious 
category go on talking about God? One 
psychological explanation could be that 
he never dm'ed to deny God because he 
was too much bound to his father, to his 
past and to convention .  Another expla
nation may lie in the fact that in spite 
of considerable philosophical and some 
theological erudition, J ung was philo
sophically and theologically a naive man 
who could "unify the contradictions" out 
of sheer lack of clear thinking. 

There is still another factor that con
tributed to .Tung's elusive and ambiguous 
statements: his opportunism. There is  
perhaps no more striking example of his 
opportunism than his attitude toward 
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Germany between 1933 and 1945, and 
the fact that there is no mention of this 
in his autobiography. In 1932 Jung, a 
Swiss, was still able to write an article 
praising Freud as a prophet "who over
throws false gods and mercilessly ex
poses to the light the rottenness of the 
contemporary sou! . "  Soon afterward he 
expressed his sympathy for National So
cialism, not only by accepting the editor
ship of the German Central Review of 
Psychotherapy in 1933 but also by writ
ing in 1934 that Freud "could not under
stand the Germanic soul, as little as all 
his Germanic followers. H ave they not 
been taught better by the tremendous 
phenomenon of National Socialism to 
which the whole world looks with as
tonished eyes?" He also wrote about the 
difference between Germanic and J ew
ish psychology, qualifying his comment 
by saying "that it does not imply under
evaluation of Semitic psychology." In 
one newspaper interview he called H itler 
"a spiritual vessel"; in another he said 
that he considered it  a mistake that Eng
land and France tried to prevent Ger
many from expanding to the East.  

Although these and similar statements 
can be interpreted as naIve expressions 
of a reactionary romantic, Jung's oppor
tunism manifested itself after the Ger
man defeat. Without referring to his 
fortner sympathies he said in an inter
view with the Swiss magazine Die 
vVeltwoche that the German nation had 
a collective guilt from which no German 
was exempt. Later he clarified the inter
view by saying: "If [the Germans] want 
to insist on their responsibility and men
tal sanity, I have no objections, but in 
this way they make their moral position 
worse; for in this case the German na
tion has simply devastated Europe with 
intention and deliberation .  I am more 
tolerant and at least concede to them, as 
an extenuating circumstance, psycho
pathic inferiority." But even as he con
demned the Germans he subtly implied 
that anti-Nazism had not been better 
than pro-Nazism. He described his ex
perience with two anti-Nazi German pa
tients and said that unconsciously they 
harbored the same violence and cruelty 
characteristic of the Nazis. 

Jung's opportunism was not limited to 
his attitudes toward Germany. On one 
occasion he wrote a letter to Freud sug
gesting that the importance of sexuality 
be minimized in order to m ake psycho
analysis more acceptable. Above all,  his 
pronouncements had an elusive quality 
that made them all things to all men. 
Everyone could take what he liked: the 
belie�er could choose God ; the unbe
liever, the unconscious. 
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The fact remains that Jung made im
portant contributions to Freud's thought .  
He perceived that there are certain in
tense desires and certain possible re
sponses inherent in  the conditions of 
human existence ("archetypes" ) and 
that these archetypes can be found in 
all men. He freed Freud's energy con
cept of libido from its narrow sexual 
confines .  He built a bridge between per
sonal experience and myths, rituals and 
symbols . 

These achievements, however, cannot 
explain Jung's extraordinary influence 
in contemporary culture . The Western 
world is in  a state of spiritual crisis . 
The majority of men still hold on to 
religious concepts, but for most of them 
these concepts have become empty for
mulas and not the expression of a reality 
to which one is committed . Under such 
conditions Jung's lack of commitment 
and authenticity become attractive to 
those who find themselves in the same 
position . Jung, with his mixture of so
phisticated superstition, vague pagan 
idolatry and equally vague talk about 
God, together with his claim that he was 
building a bridge between religion and 
psychology, offered the right mixture 
to an age of little faith and little reason.  

In  another sense Jung was truly mod
ern . His concept of the unconscious par
takes of the extreme alienation of con
temporary society . The unconscious as a 
"psychic reality" governing man is the 
alienated form of man's own desires and 
fears, particularly the archaic and re
gressive ones . We are not responsible, 
Jung taught, for these impulses . They 
rule us and the best we can do is to 
recognize them and so weaken their 
power, while at the same time worship
ing them . All these features of Jung's 
personality become transparent in his 
autobiography. M uch as psychoanalysis 
owes Jung for his contributions, he es
sentially eliminated its core-the search 
for truth and for the liberation from illu
sion-and replaced it by meretricious 
spirituality and brilliant obscurantism . 
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Design & develop of Antenna srabi l iza· 
tion. positioning servos and navigational 
systems. 

THERMODYNA M I C S  
Perform thermo analysis of airborne elec· 
tronic equipment. Make tests to assure 
optimum equipment cooling. 

PACKAG I N G  E N G R .  
Packaging of airborne electronic and 
mechanical equipment. 

Request Application or Send Resume to : 

M. J. McColgan 
Engineering Personnel 

Goodyear Aerospace Corporation 
Litchfield Park, Arizona 

An equal opportunity employer 

Similar positions at Goodyear Aerospace 
Corporat ion, Akron, Ohio 
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for you r  

s e l f- e nr i c h Ill e nt 

or review, Britannic a  

S c h o o l s  bri ngs you a 

unique l e arn- by- do i ng 

hOIlle study appro ach 

to the v i t a l and dy 

naIllic s u bj e c t s  

of the COIllpU

t o r - age 

III an 

kee p  pace with 

A DVA N C I N G 

T EC H N O LO G Y  

COM M U N I CATI O N  I N  B U S I N ESS A N D  
I N D U STRY 

Gives you the tec h n i q ues of c lear ,  conc ise verba l  a n d  
w ritten com m u n icat ion . . .  f ro m  p resi d e n t ' s  report 
to t h e  lectu re pod i u m ,  to bett e r  prob l e m  - solv i n g. 

T EC H N ICAL W R I T I N G  
I ntroductory Course I ;  Adva nced Cou rse I I  

Designed fo r t h e  l a y m a n  o r  w rite r i nte rested i n  
l e a r n i n g  h o w  t o  h a n d l e  t h e  p resentat ion of tec h n ica l  
s u bjects i n c l u d i n g  m i l ita ry s pecs.  Excl us ive B r ita n 
n ica "case-a p p roa c h "  s i m p l if ies a d i ffic u l t  s u bject. 

M ATH EMATICAL BASES FOR 
M A N AG E M ENT D EC I S I O N  M A K I N G : 

Matrices a n d  Mathematica l  Pro g ra m m i n g 

Excl us ive B rita n n ica "tea c h i n g  m a c h i n e "  study 
m ethod g ives you t h e  ideas ,  t h e  tec h n i q ues ,  the 
m a t h e m a t i c a l  b a c kgro u n d  n ec e s s a ry fo r m o r e  
effective d ec is io n · m a k i n g .  F o r  t h e  m a n  w h o  m ust 
ta l k  to the men who ta l k  to the m a c h i n e s ,  t h i s  
co u rse i s  especia l l y  reco m m e n d e d .  N o  p revi o u s  
knowledge of e l ectro n ics o r  com p utors is  necessa ry. 

D ESCRI PTI V E  STAT I ST I C S  

D e s i g n e d  to g i v e  t h e  l a y m a n  a f i rm gra s p  of t h e  
r u d i m e nts of stat ist ics.  B rita n n ica ' s  u n i q u e  " p ro· 
g ra m m e d  l e a r n i ng"  method of h o m e  study e n orm
ous ly  s i m pl if ies t h e  m a stery of t h i s  co l l ege l eve l  
c o u rse i n  tec h n i q ues to make data m ore usef u l .  

1 2  PROG RA M M ED M AT H EMAT I C S  COU RSES 

Taught exc l u sive ly t h ro u g h  the  B rita n n ica "teac h i n g  
m a c h i n e "  m ethod . F r o m  b a s i c  mathemat ics  t h ro u g h  
Ca l c u l u s  a n d  A n a lytic Tr igo n o m etry,  these fa m o u s  
" T e m a c "  cou rses b r i n g  a d u lts  t h e  m o s t  modern  a n d  
effic ient  way to a p p roach  mathe mat ics with ease.  

- - - - - - - - - - - - - - - - - - - - -- - ,  
D E PT. SA-93 

_ P l e a s e  s e n d  m e  a d d i t i o n a l  i n f o r m a t i o n  o n  t h e  c o u r s e s  I have 

c h e c k e d .  I u n d e rsta n d  I a m  i n  n o  way o b l i ga t e d  and t h a t  

B ri t a n n i c a  S c h o o l s  h a s  n o  s a l e s m e n .  

o CO M M U N ICAT I O N  I N  B U S I N ESS A N O  I N D U ST R Y  

o T EC H N I C A L  W R I T I N G  I A N D  I I  

o M A T H E M A T I C A L  B A S E S  FOR M A N A G E M E N T  D E C I S I O N  
M A K I N G  

o D ESC R I PT I V E  STAT I S T I C S  

o P R O G R A M M E D M A T H E M A T I C S  C O U R S E S  

N A M E  ______________ _____ _ 

A D D R ESS 

C I TY _______________ Z O N  E_STAT E __ 

A G E  ____ O C C U PAT I O N  ___________ _ 

13ritannica C,) Schools 
A Division of E n cyc lopaed ia  B rita n n ica Press,  I nc .  
1 4  E A S T  J A C K S O N  B O U L EVA R D . C H I C A G O ,  I L L I N O I S  6064 

29 1 
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G R EAT M O M E N TS AT C H I CA G O  

Fe b1'uar1/ 24, 1 941 .' the first appearance o f  a n  unknown element, created 
in a cyclotron, sparks a top priority project at Chicago headed by 
Nobel prize physicist A. C. Compton. September 1 0, 1 942 .' man weighs 
the first synthetic isotope - Plutonium. The sample weighed only 
2.77 millionths of a gram - 1/ 900,000 the weight of a dime, but the 
key to unlimited electrical power had been found. 

Chicago is  the scene of another dramatic transmutation - the alchemy 
which transforms great discoveries into books. *  The crucible is  the 
University of Chicago Press. The ingredients come from laboratories, 
research libraries, and above all from the human mind. The end 
product - significant volumes such as those listed below. 

S L E E P  A N D  WAKE F U L N E S S  
Revised and Enla1·ged Edition 

A D D Z E N  D D CT D R S  
Autob iographic Sketches 

THE DAWN DF A NEW A G E  
Reflections on Science and 
HUman AffaiTs 

By EUGENE RABINOWITCH. A promi
nent biophysicist's u rgent plea for 
greater understanding of the full 
implications of the atomic age. Com
ing in October. $6.95 

By NAT HANIEL KLEITMAN. At last, 
in answer to many requests - a new 
edition of a valuable reference work, 
long out of print. Index. Available 
now. $12.50 

Edited by DWIGHT J.  INGLE. In thes e 
personal narratives twelve eminent 
doctors reveal the human processes 
behind s c i entific d i scoveri e s  and 
treatment. Coming in October. IIIus .  

N D B LE-GAS C D M P D U N D S  
Edited by HERBERT H .  HYMAN. The 
proceedings of the first conference 
reporting research on the chemistry 
of the compounds of the noble-gases.  
Coming in October. 

Price to be announced 

292 

P R E H I S T D R I C  MAN I N  T H E  
N E W  W D R L D  
Edited by JESSE D .  JENNINGS and 
EDWARD NORBEC K. The most com
plete, non-technical account avail
able of prehistoric man in North 
and South America. Coming in Oc
tober. $10.00t 

through 
your bookselle1· 
U N IV E R S I T V  
D F  C H I C A G D  
P R E S S  

$5.50 
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O t h er f01·th coming Ch icago titles : 

Physical Sciences 

THE ELECTRON 
Robert Andrews Millikan.  A reprint of 
the 1 9 1 7  edition, edited and introduced 
by Jesse W.  M. DuMond. Nov. IlIus. 

$6.00, paper $2.45 
FAST N E UTRON P HYSICS 
Gerald C .  Phillips, Jerry B .  M arion, 
and Jacob R.  Risser, eds. IIlus. Index. 
A vailable now. $8 .50t  
J ET-STREAM METEO ROLOGY 
Elmar R.  Reiter. Nov. Index. $ 1 7.50  
M A P P I N G  
David Greenhood. Dec.  I l Ius .  Index. 

$6.00, paper $2.95 

T H E  EARTH SCIENCES 
Thomas W. Donnelly, ed . Dec. $6 .00t  

Reports on Current Res eaTCh 

THE N A T U RAL RADIATION 
ENVIRONMENT 
John A.  S .  Adams, ed. Nov. 

Price to be announced t 

METEO RITES 
Fritz Heide. Translated by Edward 
Anders and Eugene DuFresne. Nov. 
Illus.  $6.50,  paper $ 1 . 95 
TE KTITES 
John A .  O 'Keefe, ed. Illus. Index. Avail
able now. $10 .9 5 

A n thTopology 

MYTH A N D  C U LT AMONG 
P RIMITIVE PEOPLES 
Adolf E .  Jensen. Translated by Mari
anna Tax Choldin and Wolfgang Weiss
leder. Dec. Index. $8.75 
P E DDLERS A N D  PRINCES 
Soci a l  Develo p m e n t  a n d  Eco n o m i c  
C h a n g e  i n  t w o  I n d o n e s i a n  Towns . 
Clifford Geertz. Oct. Illus.  Index. $5.00 

Medical and Biological Sciences 

DELA YEO IM P LAN TATION 
Allen C .  E nders, ed.  IlIus. Index. Avail
able now. $8.50t 
HYPOXIA 
Edward J.  Van Liere & J. Clifford 
Stickney. Oct. Il Ius.  Index. $8 .75 
EVOLUTION O F  T H E  
A T H EROSCLEROTIC PLAQUE 
Richard J.  Jones, ed. Oct. $6 .75 
H EALTH PROG RESS IN T H E  
U N IT E D  STATES, 1 900- 1 960 
Monroe Lerner and Odin W. Anderson. 
Oct. Index. $6.50 
t Rice University Semicentennial Series 
DESCRIPTIVE CATALOGS and lists are 
available on request. Specify Biological 
Sciences, Physical Sciences, or Phoenix 
Science Paperbacks. 

* The history, metallurgy and uscs of Plutonium, 
itself are explored by pioneers in the field in 
THE METAL PLU TONIUM. edited by A. S. 
Coffinbcrry and W. N .  Miner, $9.50 

U N IV E RS ITV O F  
C H I CAGO P R ESS 

5 750 Ellis Avenue 
Chicago 87, Illinois 

Warren \Veaver.  Anchor Books ( $ 1 .45 ) . 

CHANCE, LUCK AI'D STATISTICS, by Hor
ace C .  Levinson . Dover Publications, 
Inc . ( $ 1 .73 ) . Anyone interested in  the 
theory of probability-and who among 
us, from poker players to astronauts, 
from philosophers to physicists, from so
cial scientists to storekeepers ,  i s  not?
finds that there are never enough books 
on the subject. It has an intrinsic fascina
tion an d a persistent elusiveness ; one 
keeps hoping that th is  very book, what
ever it may be, will clear up a conceptual 
difficulty, dissolve a nagging doubt or 
open a new horizon . These six paper
backs, five of them established works, 
one a fresh venture, are likely to satisfy 
many tastes and give pleasure and en
lightenment to a wide audience. Keynes's 
brilliant treatise was first published in 
192 1 .  His central notion i s  that probabil
ity i s  a primitive idea, with the terms 
"certain" and "probable" describing 
"the various degrees of rational belief I about a proposition which different 
amounts of kn owledge authorize us to 
en tertain ."  In addition to analyzing the 
fun damcntal ideas and theorems ,  the 
book discusses induction and analogy, 
the philosoph ical applications of prob
ability and the foundations of statistical 
inference. M athematics i s  freely used 
but there are many sections that even the 
nonmathematician will find engrossing.  

The small volume by Borel , a pre
eminent and prolific French student of 
the subject, is  a readable essay, the 
emph asis being on the applications of the 
calculus of probabil ities to questions 
that, for the most part, are related either 
to everyday living or to illness and death . 
Life expectancy, the perverse chanci
ness of the weather, events of small prob
ability, problems of heredity and the 
miracle of the typing monkeys are 
among the topics discussed. 

Coolidgc's book i s  a sound and respect
ed in troductory text, his approach being 
based on the statistical interpretation of 
probability. A knowledge of elementary 
calculus is  needed to follow the d iscus
sion . 

The Gnedenko and Khinchin ,  translat
ed from the fifth Russian edition, is de
scribed as suitable for those who have 
l ittle mathematics ;  this  i s  misleading, 
because many sequences demand con
siderable experience and sophistication 
in mathematical m anipulation.  A gifted 
high school student could get much out 
of the book, but it is  in no sense a popu
larization.  

Both Levinson's and vVeaver's vol
Ullles,  however, meet the need of the 
nonspecialist. Levinson's essay, former
ly titled The Science of Chance, is divert-

V A N  N O S T R A N D  
M O M E N T U M  B O O K S 

Commission on College Physics 

An exciti ng new series-

MOMENTUM BOOKS 
l�lIbl ished f o r  t h e  Comm ission on CoJl ege 
l:lhys ics, \V a l t e r  C .  Michels,  C h a i rlll a n ,  t i l e  
s e r i e s  i s  under t h e  Gelleral  E d i t orship of 
]�d,yal'd U .  Condon, \Vasil ington U n iversity,  
St .  I.oll i s .  Momentum Books com b i n e  sounfl  
science \yi t h  clear presen t a t i on and ;He 'Il' C U 
r a t e  expositions of t o p ic's i n  classica l  a n d  
modern physics.  ::\Iomen t u lll Bool.;s a r e  pa ller
bound, 5%" x 8 " ,  conta i n  U 4�l S4  page:-;,  
a n d  a r e  priced a t  $ 1 .,)0-$ 1 . 9.). Each book is 
abundantly illustrated.  Coming i n  Ol'to!)er.  

#1 ELEMENTARY PARTI CLES 
D a v i d  H.  Frisch, 31ass<Lchusetts T n f.; t i t l l t e  
of Technology a n d  A l a n  :.'It Th ul'n l i i l;:e, 
Brookhaven Xational Laboratories.  

#2 RAD I O  EXPLORAT I O N  OF THE PLANETARY 
SYSTEM 
Alex G,  S m ith a n d  Tholll a s  D .  Carr,  both 
at the University of Florida . 

# 3  THE  D I SCOVERY OF THE  ElECTRON 
T h e  Development of t h e  A t o m i c  C OIlc-ept 
of E l e ctricity 
D a v i d  L .  Anderson, Oberlin College. 

#4 WAVES AND OSC I LLAT I ONS 
R.  A .  \Valdron, M a r c o n i ' s  \Vireless Tele
graph COlllpany, L t d . ,  l<: ngla n d .  

# 5  CRYSTALS AND  L I G HT 
An Introduction to O p t i c a l  Crystallogra
phy 
E l izahctll A. 'Vood, B e l l  Telephone l .. a b 
oratories.  

FORTH C O M I N G  P U B L I C A T I O N S  
N U C L E A R  S T R U C T U R E ,  C.  Sharp Cook . C O S ·  

M I C  R A Y S ,  ::\ I i ch a e l  ::\ 1 .  F r i e d l a nder antl JO;o,eph 

Klarmann • C R Y ST A L  I M P E R F E C T I O N S , P('lcr 

G i b b s . D I M E N S I O N A L  A N A L Y S I S , E.  :;\ 1 .  l l a f

ncr . T H E  P H Y S I C S O F  M U S I C A L  S O U N D . 
J e s s  J . .  1 osephs • AN I N T R O D U C T I O N  TO X - R A Y  
C R Y S T A L L O G R A P H Y ,  .J . T.alHcnce K a t z . A N  
O U T L I N E  O F  S O L I D  S T A T E  P H Y S I C S .  B .  W. 
Low t h i a n . R A D I O A C T I V I T Y M E A S U R E M E N T S ,  

W i l fred B. ::\ I a n n  and S .  n. G a r fi n k l c  • O R I G I N S 
O F  M O D E R N  P H Y S I C S :  1 800· 1 950. W a l t e r  I ' .  
:\lichels • N U C L E A R  S P E C T R O S C O P Y .  Brian D .  
Pate .  T E M P E R A T U R E S V E R Y  L O W  A N D  V E R Y  

H I G H , �J ark W. ZClll amky . P O L A R I Z E D  L I G H T , 
W i l l i a m  A. S h urcliff and Stanlcy S. B a l l ard 

FREE EXAM I NA T I O N  C O U PO N  
D . V a n  N o stra n d  C o m pany.  I n e  . •  D e pt .  M S A · 5  
1 20 A l e x a n d e r  Street. P r i n ce t o n ,  N ew J e rsey 

Please send m e  books a s  illcli cated helow. \" i t h i n  ten 
days 1 will reill i t  purchase pricc p l ll. �  .�lll a l l  d e l i \'!:'!')' 
cost. or return hook ( s )  and owe n o t h i n g .  

. . . . . .  , . cop i e s  E L E M E N T A R Y  P A R T I C L E S :  
Frisch and 'l'hornc\ikc $ 1 . 7 5  

. . . . . .  c o p i e s  R A D I O  E X P L O R A T I O N  O F  T H E  
P L A N  E T A R Y  S Y ST E M : Smith and 
( ' arr $ 1 . 5 0  

. . . .  c o p i e s  T H E  D I S C O V E R Y  O F  T H E  
E L E C T R O N :  Anderson $ 1 . 5 0  

. . . . . . . .  copi cs W A V E S  A N D  O S C I L L A T I O N S :  
W aldron $ 1 . 7 5  

. . . . . . . .  copi es C R Y S T A L S  A N D  L I G H T :  Wood $ 1 . 9 5  

. . . .  cop i e s  Each new volume a s  p ublishcd 

N A M E  . . . . . . 

A D D R E S S  .. 

C I T y  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Z O N E  . . . . . . .  S T A T E  . .  

Save ! Helll i t  \\ i t ll order a n d  \\ e p a y  deJj\'cry cost. 

Same return pl'h'ilege guaranteed. 

2 9 3  
© 1963 SCIENTIFIC AMERICAN, INC



THB;ookings 
fostitution 

De voted to nonpartisan 
research on issues of public 

policy 
Recent volumes on economic 

develop ment:  
Q U I ET C R I S I S  IN I N D I A  

John P .  Lewis 350 pp . $5. 75 
BRAZ I L 'S 

D EV E l O P I N G  N O RTH EAST 
Stefan Robock 213 pp . paper $2 .00 

D EV E lO P M E N T  O F  T H E  
E M E R G I N G  C O U N T R I ES : 

An Agenda for Research 
Asher, Hagen, Hirschman, Colm , 

Geiger, Mosher, Eckaus, Bowman, 
A nderson , Wriggins 239 pp . paper $2. 75 

T H E  P O L I T I CA L  R O L E  O F  
LAB O R  I N  D EV E lO P I N G  

C O U N T R I ES 
Bruce Millen 148 pp . $3.50 

complete catalog 
a vailable on request 

1 7 7 5  M a ssa c h u setts Ave . 
Wa s h i n g t o n  6, D. C .  

Authoritative 
Books 

on Econornic 
Development 

1 ,056 
pages 
$1 5 

H • • •  the most complete assessment of 
the nation 's natural resources ever 
made. "- U PI 

RESOURCES IN AMERICA'S FUTURE, out· 
come of a five·year research project by 
Resources for the  Future, Inc. ,  i s  an item· 
by· item ana lys is  of supply and  demand 
for natura l  resource  p roducts to the end 
of the century .  Com prehensive a n d  abund·  
ant ly  deta i led ,  i t  i nc l udes 400 tab les and  
112  charts with i n  a b ig  7 x 10  format. 

THE JOHNS HOPKINS PRESS 
Ba lt i more,  Maryland 2 1 2 1 8  
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ing and relaxed in its discussion of a 
wide variety of questions, from the math
ematics of games to the manifold uses 
( and misuses ) of statistics . Freshly writ
ten for the " Doubleday Science Study 
Series,"  vVanen vVeaver's Lady Luck is 
a lively, amusing and authoritative in
troduction .  For years vVeaver has gath
ered anecdotes and examples of the 
vagaries of chance, and he uses them 
here to good effect in explaining the 
fundamental concepts of mathematical 
probability, the basic rules of the cal
culus, the measurement of hopes and 
mathematical expectation, the law of 
large numbers, the mathematics of rare 
events and coincidences, the nature of 
gambling systems and the reign of statis
tical reason . 

8m THOlVIAS BROWNE : A MAK OF 
ACHIEVEMENT IN LITEHATUHE , by 

Joan Bennett . Cambridge University 
Press ( $5 .50 ) . A pointed and illuminat
ing study of the man and his works .  Sir 
Thomas Browne ( 1605-1682 ) was a 
physician of Norwich . He was a prac
titioner and an experimenter and, al
though he was not a fellow of the Royal 
Society, his  interests and the spirit that 
animated his  inquiries into natural phi
losophy were close to those of the men 
who founded that body. As evidence of 
the seriollsness of his scientific pursuits 
we have the opinion of Joseph Needham, 
who in A History of Chem ical Embry
ology acclaims him as the first to make 
experiments in this field, conducted in 
the "elaboratary" in Sir Thomas' house. 
He was by no means free of the errors 
and prejudices of his time, however, and 
even as a medical practitioner the follow
ing entry in one of his Commonplace 
Books shows that he was not in all re
spects the perfect healer : "Trie the mag
nified amulet of Muffetus of spiders leggs 
worn in a deers skinne or Tortoyses leggs 
cutt off from the living Tartoys & 
wrapped up in the skinne of a kid."  

Browne, as Mrs.  Bennett points out, 
"lived at the meeting point of the medi
eval and modern worlds," which helps to 
explain why he both clung to the old and 
welcomed the new, was a skeptic and a 
believer, embraced science and was tbe 
disciple of superstition .  He is remem
bered, of course, as a great writer of 
prose, not only for the incomparable 
Religio Medici but also for such master
pieces as Ul'I1e-Bul'iall and The Garden 
of Cyrus. Less read in our time but often 
mentioned is his longest and most erudite 
work, Pseudodoxia Epidem ica, llsually 
known as Vulgar Errors. In this remark
able book, which Browne spent years 
composing, are embodied the fru its of 

JOURNEYS TOWARD PROGRESS 
Studies of Economic 
Policy·Making in Latin America 
B y  ALBERT O. HIRS C H M A N .  A cogent 
analysis of  actual experience with infla ·  
t ion i n  Chile,  land policy i n  Colombia  
and drought i n  Northeastern Brazil.  
" . . .  important new book . . .  clearly 
demonstrates that empirical study . . . 
yields a rich crop of insights into how 
economic and social changes really occur 
and how specifi c  problems could b e  
pragmatically attacked."-AID D evelop
m ent  R esearch Digest. $4.00 

SHAPING THE WORLD ECONOMY 
By JAN TIN BERGEN. Suggestions for an 
international system in which A L L  nations 
might participate.  "Very well reasoned 
and well-written . . . recommended." 

-Library Journal. Paper, $2.25 

CIVILIAN NUCLEAR POWER 
Economic Issues and 
Policy Formation 
B y  P H I LI P  MULLEN B A C I I .  A former eco· 
nomist for the Atomic Energy Commis·  
sion points out  our unequaled op por· 
tunity to assert world leadership .  "A 
well informed and serious study." 

- Foreign A ffairs. S8.50 

ECONOMIC DEVELOPMENT 

I N  BURMA, 1 95 1 · 1 960 
By LOU IS  J. W ALINSKY.  "Extraordinary. 
Mr. Walinsky's book is  not  merely all  
excellent job of  economic reporting : i t  
is a wise  human document as wel l . . . an 
im portant contribution to the l i teratnre 
of developmental economics."- L I O N E L  
LANDRY, Saturday R eview. 

Tables, Maps. S I O.OO 

FARMS AND FARMERS 

IN  AN URBAN AGE 
By EDWARD HIGBEE. A hard-hitting, 
pungently written study of  the farm 
problem, with suggestions for- permanent 
solutions. "It  will  cause a stir."- Kip
linger A gricultural Letter. 

Cloth, 83.00 ; Paper, $ 1 .45 

TROPICAL AFRICA 
Vol .  I Land and L ive l ihood 
Vo l .  I I  Society and Po l i ty 
By GEORGE H. T. KIMBLE.  An authorita
tive and inclusive survey of the area 
south of  the Sahara and north of  the 
Union of South Africa i n  which a score 
of new n a t i o n s  h a v e  d r a m a t i c a l l y  
emerged upon the world scene. i l lus
trated. $15.00 ( $8.50 per volume ) 

At all  bookstores or from 

THE TWENTIETH CENTURY FUND 
41 East  70 St . ,  New York  2 1 , N.  Y.  
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. ,  . I N EXPENS IVEL Y, CONVEN I ENTLY, 
Q U I CKLY 

N O "A G R E E  TO P U RC H A S E "  
O B L I GATI O N  a n d  C H O O S E  
T H E R E C O R D S  !.Q.Y. WA NT 
O u r  s p e c i a l  m e m b e rs h i p  p l a n  e n 
a b les y o u  t o  b uy your records a t  d is
c o u n t  p r i c e  . . .  C lass i c a l ,  popu l a r, 
jazz, show h its, folk,  etc. - Monaura l  
a n d  Stereo. 
C itad e l  is  a u n i q u e  k i n d  of record c l u b  
that featu res:  

N o  " a g r e e  to p u rc h a s e "  o b l igations.  
B u y  a s  few o r  a s  m a n y  records a s  you 
wa nt,  when y o u  want t h e m  . . .  the 
c h o i c e  i s  yours.  
No " p r e s e l e c t e d "  r e c o r d l i s t .  Y o u  
c h o o s e  t h e  r e c o r d s  y o u  w a n t  f r o m  
c a ta log c o n ta i n i ng v i rt u a l l y  a l l  artists 
and a l l  l a b e l s .  
N o  "l ist  p r i c e "  p u rc h a s e s .  You never 
pay more than t h e  c l  u b  pr ice.  

• Periodic specials.  O u tsta n d i ng buys a re 
m a d e  ava i l a b l e  period i c a l ly,  a n d  aga i n ,  
y o u  a re u n d e r  n o  o b l igat ion t o  p u rc h a s e  
a n y  of these spec i a l s .  

P r o m p t  s e r v i c e .  M a n y  o r d e r s a r e 
s h i pped t h e  day received . . .  ra re l y  
l a t e r  t h a n  t h e next severa l days.  

We i nv i te you to join thousands of other 
C i tadel  m e m bers who a re p u rc h a s i n g  their  
records a t  d i sc o u n t  price,  a re enjoying 
c o m p l ete freedom of selection a n d  have 
not o b l i ga ted themselves i n  a n y  way. For 
com p l ete deta i l s  write . . . .  

CIT .t.()EL RECOR () CLUE 
545 F if th Ave .  Dept .  SA,  New York 1 7 ,  N .  Y .  

Karl 
VOIl 

Frisch 
MAN AND 

THE LI,TING 
WORL D  

One of the great scientists of 

our t ime,  the author of The 
Dancing Bees, offers a vivid,  

lucid explanation of biology 

for the general re ader. Rare

ly h as scientific information 

b e e n  p r e s e n t e d  with s u c h  

charm, ease,  a n d  clarity . 1 0 1  
diagrams and drawings ; in

dex. A t  a/l bookstores. $7.50 

A Helen and K urt Wolff Book 
HARCOU RT, BRACE & WORLD 

757 Third Avenue, New York 1 7  

� 

much thought, enormously wide and di
versifie€l reading, observation and ex
periment . It displays for the reader an 
astounding assortment of human error, 
of mistaken beliefs that occur and im
pede progress in different branches of 
knowledge . Errors about animals, vege
tables, minerals and man himself all fall 
under Browne's scrutiny . He discusses, 
among other things, lightning and thun
der, the' custom of saluting a person who 
has just sneezed, the tenet that mineral 
crystals are merely congealed water, the 
alleged medic'll effic;lcy of powder made 
of a unicorn's horn, the effect of garlic 
on the attractive powers of the lodestone, 
the opinion that an elephant has no joints 
("based on the gross and somewhat 

cylindrical composure of the legs" ) .  He 
examines the b-elief that snails have no 
eyes ;  that  camphor "begets in men an 
impotence unto Venery";  "that storkes 
will live only in republics or free states";  
that the blackness of Negroes is  "a curse 
of God derived unto them from Cham, 
upon whom it was inflicted for discover
ing the nakedness of Noah ."  He exposes 
the errors themselves, shows their origins 
and makes a general analysis of the 
prejudices and infirmities of human 
thinking that make man particularly sus
ceptible to vulgar errors .  

No better example can be found of 
Browne's divided response to contem
porary views, his scorn for certain types 
of nonsense and his hospitality to others 
than in his opinjons about cosmology. 
Having scored men for their obstinacy 
and irrational skepticism, as a result of 
which new discoveries discomfited them, 
he makes it clear that he is himself still 
a follower of the Ptolemaic hypothesis .  
Copernicus had published the De Revo
lutio l1 ibus in 1543, more than a century 
before Browne published Vulgar Errol'S. 
Galileo had already poked his little 
telescope at the sky and seen things the 
Church had proved could not pOSSibly be 
there . Browne, however, like others of 
his learned and thoughtful contempo
raries, found Copernicus too hard to 
take . Yet he was a mild and kindly man 
who was willing to concede the possi
bility "th at the earth doth move," and 
he would not quarrel with Copernican
ism simply because it stretched imagina
tion . As Mrs. Bennett amply demon
stI'ates, both by quotations and by skillful 
analysis, no one can read Browne care
fully without a growing confidence in his 
"basic good sense," and it is this fact that 
accounts in large measure for the pleas
ure to be derived from V lt lgar Errors. 
Browne was an inspiring figure as a liter
ary artist, independent and often cour
ageous in his thought. In our own time, 

Authoritative 
Books 

on Economic 
Development 

The Johns Hopkins Press i s  

proud t o  b e  publisher o f  books 

on economic development for 

the World Bank - itself one of 

the chief forces for develop

ment in both hemispheres. 

We'll gladly send you a com

plete list of titles upon request. 

THE DESIGN OF 
DEVELOPMENT 

by JAN TIN BERGEN $.2 .50 

DEVELOPMENT BANKS 
by WILLIAM DIAMOND $3.00 

PROBLEMS AND PRACTICES 
OF DEVELOPMENT 

BANKS 
by SHIRLEY B OSKIW $3.50 

Clothbound s u rvey mission 

reports from the Wodd Bank 

. . .  on the econom i c  develop

ment of : 

SPA I N  

KENYA 

UGANDA 

VENEZUELA 

L I BYA 

$8.50 

$8.50 

$8.50 

$8.50 

$7.50 

TANGANYIKA $8.50 

THA ILAND $6.00 

JORDAN $7.50 

MALAYA $7.50 

N I GER IA  $7.50 

Case-history studies from the 

World B ank's Economic De
velopment Ins titute 
PLAN N I N G  I N  M O R O C C O ,  $2.50 

PLAN N I N G  I N  YUGOSLAVIA, $3.00 

PLAN N I N G  I N  PAKISTAN (to be pub l ished) 

The Johns Hopkins Press 
Baltimore, Maryland 2121 8 

295 
© 1963 SCIENTIFIC AMERICAN, INC



I F YO U READ about science and technology 

YOU NEED . . . . 

. . .  the new 
M E R R IAM-WE BSTE R U NABR I D G E D  
It's the on ly d ictionary that puts you in fu l l  command 
of the new words,  new mean ings in science, technology, 

and today's Eng l ish language in general 
In recent years the English language 
has changed tremendously. Your every
day language. And the language of 
science, technology, business, and the 
professions . 

In your position you need to keep up 
with these changes. And the way to 
do it - the only way - is  to get the 
new Merriam-Webster Unabridged : 
Webster's Third New International 
Dictionary. 

The first completely new unabridged 
in 29 years, this new Merriam-Webster 
puts you in command of 1 00,000 new 
words and new meanings - 450,000 
entries. It covers every area of human 
thought, answers more questions about 
today's English language than any 
other dictionary. 

Today, get the new Merriam-Webster 
Unabridged at your book, department, 

296 

or stationery store. It is recognized as 
the final word authority by the U. S.  
Government Printing Office, by federal 
and state courts of law. 

To be s u r e  y o u 're right . . .  i n s ist o n  

a 1h.eJlJliiun-� 
"' 1 10  u s  'A' 0". 

• •  F R E E  B O O KLET - just ma i l c o u p o n  • •  
G . &  C. Merriam Co. ,  Dept. 303, Springfield 2, Mass. 

I 'd l i ke to know more about our changing 
language and the com pletely new Merriam· 
Webster Unabridged. Please send m e  a free 
copy of your 1 2·page booklet, "Hold the 
English language i n  your two hands." 

Name . . .  

Address " .  " 

. 

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

in which, for all the dazzling advances 
of science, vulgar errors and irrational
ism continue to enthrall men's minds in 
matters of utmost human concern, it is  
well to think back on the work of this 
most unusual man. 

S
ANTOS-DuMONT : A STUDY IN OBSES-

S101\, by Peter Wykeham . Harcourt, 
Brace & World, Inc. ( $5.75 ) . An anecdo
tal biography of the small, frail, dapper, 
eccentric, wealthy, flamboyant and gift
ed Brazilian aviation pioneer who spent 
a large part of his life in Paris, flying 
balloons, designing and flying fantastic 
airships and Hnally building and suc
cessfully operating a series of tiny drag
onflv heavier-than-air craft-the "Demoi
sell�" type-that looked and behaved 
much like their inventor.  Santos-Dumont 
was overpraised during the early part of 
his life and has been depreciated ever 
since .  There can be no doubt of the im
pOltance of his con tribution to the prog
ress of aviation, but after a few years of 
creative work he simply dropped out of 
the picture . This was in large part 
owing to the peculiarities of his p er
sonality, which on the one hand led him 
to crave publicity and adulation and on 
the other hand made him almost patho
logicallv secretive, disdainful and quite 
unable to learn from the work of others . 
It was his  way or none . Like many other 
European and American aviation en
thusiasts, he took no notice of the major 
in novation s of the Wright Brothers . At 
Hrst he could not bring himself to believe 
that they had really flown, th at this pair 
of Ohio bicycle mechanics had achieved 
what no man had ever achieved before . 
Thus they had no direct influence on 
him , and even when their accomplish
ments were widely accepted and wildlv 
applauded, he sulked in his tent. Within 
a few years aviation had passed him by 
and th'e latter part of his life was unpro
ductive, marred by a lingering, painful 
i llness and by increasing melancholia . 
For the Brazilians he remains to this day, 
as Air Vice-M arshal Wykeham tells us, 
the hero of aviation,  the true inventor 
of the airplane . 

AN C 1E1\T ECYPTIA1\ M ATERIALS AND 11\
ft DUSTRIES, by A. Lucas .  St M artin's 
Press ( $30 ) .  This scholarly monograph ,  
Hrst published in 1 926 a n d  n o w  issued 
in a fourth edition revised by the Oxford 
Egyptologist J. H. Harris , deals with 
every aspect of Egyptian materials and 
technology . It includes chapters on ce
menting materials ;  the brewing of beer, 
wine making and distillation of spirits : 
animal products such as bone, feathers, 
leather, mother-of-pearl, ostrich egg 
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Science and Technology 
for Development 

A series of eight volumes on the United 

Nations Conference on the Application of 

Science and Technology for the Benefit of 

the Less Developed Areas : February 1 963, 
Geneva. Prepared by an international staff 

of writers, each an expert in his field, the 

volumes summarize in easi ly-read and non

technical terms, al l  the information from the 

Conference covering all phases of develop

ment and future progress. 

� � � - - � - � � - - � - - - - - � (�) � - - - - � � �  � � 

French e d i t i o n : p u b l i shed by D U N O D ,  92 Rue B o naparte, Par is  6e ,  France 

UNITED 
NATIONS, 
Sales Section, New York 1 7, N.Y. 

Please send me 

__ copies World of Opportunity' Cloth $6.00 
__ copies World of Opportunity Paper $2.90 

__ Complete sets, 8 vo l u m es, as issued. Cloth $59.50 
plus postage 

o Please send me information regard ing the vo lumes as they are published. 

� 

N A M E  

WORLD O F  O PPORTUN ITY 

prepared by 

Professor Ritchie Ca lder 

A narrative account of t h e  
C o n f e r e n c e  i n  a l l  i t s  aspects, and 
a synthesis  of t h e  t h i n k i n g  and 
practical  suggest ions of the par
t i c i pants. 

World of Opportun ity p rese nts 
a p i cture of Planet Earth i n  terms 
of its res ou rces ; of t h e  h u man 
c o m m u n ity i n  terms of the " revo l u 
t i o n  of r i s i n g  expectat ion s " ;  of the 
real izat ion of these expe ctat i o n s  
through s c i e n c e  and t e c h n o l o g y ;  
and of the act ions w h i c h  a r e  
needed to c l os e  the gap between 
the " h aves" and t li e  "have-nots". 

A D D R E S S  

C I T Y  Z O N E  

S TA T E  C O U N T R Y 
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THE DILEMMA 

OF MEXIC O'S 

DEVELOPMENT 

by Raymond Vernon 

Is Mexico headed for drastic 
upheaval or economic stag
n a t i o n ? T h e  s e e - s a w  b al
ances precariously, as,  after 
a long period of successful 
d e v e  1 o p m e n  t, d e f i  n i t e  
c h a n g e s  a r e  i n  o r d e r  -
c h a n g e s  M e x i c o ' s  l e a d e r s  
m a y  b e  reluctant t o  make i n  
a n ti c i p at i o n  o f  r e p e r c u s
sions. Taking Mexico as a 
c a s e  s t u d y ,  M r .  V e r n o n  
probes t h e  roles of the pri
vate and public sectors to 
better understand the devel
o p m e n t  p r o c e s s  in many 
countries. Center fOj' Inter
national Affaij·s. $4.95 

E C ONOMIC 

BACKWARDNESS 

IN HISTORICAL 

PERSPE CTIVE 

by A lexander Gerschenkron 

Presenting the industrializa
tion of E urope as a "case of 
unity within diversity," with 
Russian development at its 
center, a distinguished econ
o m i s t  p u t s  d e v e l o p m e n t  
problems into social context. 
A Belknap Press Book. $8.75 

THE DIPLOMACY 

OF E CONOMIC 

DEVE LOPMENT 

by Eugelle R. Black 

The former president of the 
World Bank discusses what 
he calls development diplo
macy. " Excellent . . .  reflec
tions on the philosophy of de
velopment and the means of 
achieving it."-Satw·day Re
view. $3.00 

E C ONOMIC 

DEVELOPMENT 

IN PERSPE CTIVE 

by John Kellneth Galbraith 
$2.50 

INDUSTRIALISM 

AND INDUSTRIAL 

MAN 

by Clark Kerr, Johll T. Dun
lop, Frederick H. Harbison; 
alld Charles A. Myers. $6.00 fjRVARD 

1913 UNIVERSITY PRESS 
1963 CAMBRIDGE 38. 

MASSACHUSETTS 

I shell, parchment, lortci,e shell ; the mak- i 
ing of brick ; stonewurking;  the uses of 
wood, mortar and plaster ; cosmetics and 
perfumes ; the elaborate art of making in
laid eyes;  glazed ware; glass and glass 
manufacture; metals and alloys ; mum
mification;  painting and writing materi
als; pottery; precious and semiprecious 
stones .  Reviewers of earlier editions of 
this unique contribution to archaeology 
complained that the book had no illustra
tions and that i t  lacked an index of 
the Egyptian and Coptic names for the 
various materials that are described. The 
reviser explains the fact that neither of 
these criticisms has been met in the new 
edition because of the expense involved 
in the illustrations and the extreme diffi
culty of preparing an accurate index, 
since few names of materials are to this 
day known with any degree of certainty. 
Considering the price of the book, the 
reference to the "disproportionate ex
pense" of illustrations is unimpressive, 
and the absence of any pictorial material 
must continue to be seriously disappoint
ing, particularly in an otherwise com
pletely engrossing volume. One wishes 
that a foundation or private M aecenas 
could have been found to do for this 
book what was done so splendidly for 
Charles Singer and E. J. Holmyard's 
History of Tech l1ology.  

METHODS OF AIR DEODOlUZATION, by 
W .  Summer. American Elsevier 

Publishing Co., Inc. ( $ 16 ) . There is  an 
old joke about a man who went into a 
delicatessen and asked, "What smells 
around here?" to which the storekeeper 
replied, "The business ." This book is 
concerned with a more pervasive prob
lem, namely the increasingly serious con
tamination of the air by odors due to 
industrial activity, the growin g  volume 
of waste products, sewage-disposal cliffi
culties and so on.  It  may be true that 
man's olfactory sense i s  becoming less 
acute, but his awareness of atmospheric 
pollution is not, a circumstance that has 
led to numerous studies by local authori
ties of ways to combat the distressing 
effects of odor-producing particles .  The 
author examines the psychophysiological 
and engineering fundamentals involved. 

1,� LATLAND, by Edwin A .  Abbott. 
Barnes & Noble, Inc. ( $ 1 ) . It is  hard 

to explain why this rather heavy-handed 
Victorian satire about life in a land of 
two dimensions should have survived 
and still be of interest today. Among the 
reasons may be that i t  is  unique, that it 
works out an abstract idea with unshak
able determination, that it has to do 

George 
Gamow 

1/ • • •  eminent both as a physicist 
and  an i n t e r p r e t e r  of s d e n c e  
for the layman, [ he]  gives the story i n  

his customary lucid and engaging style. 

He tells of  weather and climate, the 

s uccessive convulsions of the earth that 

shook i t s  body and shaped i ts  surface 

features, t he origin of life upon i t  and 

its evolution to man, and the recent 

cracking of t he genetic code that may 

give a solution to the mystery of how 

living organisms reproduce. And he 

looks into the distant future." 

-J AMES STOKLEY, N.Y. Herald Tribune 
lIIIL strated $5.75 

A Planet 
Called Earth 

by George Gamow 
• 

T H E  V I K I N G  P R ESS 

Science books for 
young readers . . .  

THE WORLD IS ROUND 
Written a n d  i l l u strated by 

A N T H O N Y  RAV I E LL I  

A dramatic  pictorial account of  why 
the earth seems Aat to us and how man 
learned i ts  true shape. Ages 7·10 $3.50 

• 

THE GLOBE 
FOR THE SPACE AGE 
By S. C A R L  H I RS C H  
I l l ustrated by B u rt S i l v e r m a n  
A fascinating history of globes and 
globe making, showing how this l ittle 
model of the earth has become a valu
able tool for understanding the exciting 
events of the space age. 

Ages 1 1 ·15  $3.75 

T H E  V I K I N G  PR ESS 
with mathematics-a seductive subject I ________________ ... 
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DANGEROUS PROPERTIES OF INDUSTRIAL MATERIALS 
by N. Irving Sax, Head, Radiologic Sciences Group, 

Division of Laboratories and Research, New York State Department of Health, A lbany, N. Y. 
A ssisted by J. H. Harley, Joseph J. Fitzgerald, Milton S. Dunn, Morris B.  Jacobs, Leonard J. Goldwater, Benjamin Feiner. 

DANGEROUS PROPERTIES has proved to be an indispensable 
tool for thousands of chemists, engineers, and non-technical 
people who m ust be aware of the hazardous properties of 
chemical compounds and industrial materials. Safety engi
neers, industrial physicians, toxicologists, radiation person
nel, lawyers, casualty underwriters,-a tremendous number 
of people in a great number of diversified fields will want 
and need to keep well-informed on newly developed mate
rials and safety methods. 

This new, second edition contains about 1 500 pages of 
complete, concisely written information and highly specific 
data covering thousands of materials. All areas of hazard 
are covered with maximum accuracy and dependability so 
important in the vital nature of safety information : Radia
tion Hazards, Industrial Fire Protection, Storage and Hand
ling of Hazardous Materials, Reactor Safeguards, Industrial 
Allergies, Food Additives, Toxicology, Ventilation Control, 
Respiratory Protection and Personal Hygiene, Air Pollution. 
The manufacturer, user, handler, storer and shipper of haz-

REINHOLD BOOK DIVISION. 430 Park Ave • •  N. Y. 10022 

ardous materials will find this book an encyclopedic guide to 
handling all materials safely. 1 963,  61/2x91/2 , Approx . 1 500 pp. 

Special Pre-pub price through October 30, 1 963 . . . $22.50 
After October 30, 1 963 . . . .  $25.00 

r - - - - - -;0 �A;S: E�A�;;'�T�� 
- - - -

I REINHOLD BOOK DIVISION, Dept. M-378,,430 Park Ave., N. Y. I0021 

I Please send me the book listed below for 30 days' examination under 
the following terms : 
o Total payment enclosed ( Reinhold pays regular delivery charges ) 

• 0 Bill me (plus delivery charges ) 

I DANGEROUS PROPERTIES OF INDUSTRIAL MATERIALS 
Special Pre-pub price through October 301h, 1963 . . . .  $22.50 

I After October 30th, 1963 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $25.00 

I NAME . . . .  
( please print)  

ADDRESS 

CITY & ZONE . . . . . . . . . . . . . . . . . . . . . . . . . . .  STATE . . . . . . . . . . . . . .  . 
SAVE MONEY ! Send full payment with order and Reinhold pays regular (]eliyery 
charges. Same return privilege guarantl'ed. Please i nclude sales tax on Cal i' . , f \ h ' n ,  
P a .  a n d  X . Y . C .  orders. For your protection-do n o t  send cash. Senti cherk or nllHll'Y 
order. 
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A SELECTIO N  O F  N EW WILEY A N D  I N TERSCI E N C E  

BOOKS FOR LAB, LIBRARY, D ESK, A N D  STUDY. 

ALL O F  T H EM WILL BE AVAILABLE ON APPROVAL. 

SCIENTIFIC CREATIVITY: Its Recog nition and Development, edited by 

C. Taylor and F. Barron, covers criteria of creativity, characteristics 

of creative people, and training for creativity. ( 1963. 4 1 9  pp. $7.95 ) 

• P H I LOSOPHY OF S C I E N C E :  The Delaware Seminar, Vol. I, edited 

by B. Baumrin : Explores the scope and limitations of philosophy, 

by scientists and philosophers. ( Interscience. 1 963.  370 pp. $9.7 5 )  

• D. Judd and G. Wyszecki present the basic material for solving 

practical problems in color science and technology, in COLOR I N  

B U S I N ESS, S C I E N C E ,  & I N DU STRY. The 2 nd Edition is fully u p  to 

date. ( 1 963.  5 00 pp. $ 1 5 )  • TREATI SE ON ANALYTICAL C H EMISTRY, 

Part II, Vol. 9 ( Kolthoff & Elving, Eds. ) ,  gives nuclear scientists 

the most authoritative treatment to date of the actinide elements. 

( lnterscience. 1 963 . 49 1 pages. $ 1 8 )  • The Weissberger series on 

H ETEROCYC LIC COMPO U N DS, Vol. 1 9, is in two partS, covering 

members with 3 and 4 membered rings. ( Interscience. 1963.  Pt. I, 

App. 658  pp. Pt. II, App. 405 pp. In press) • Wyckoff's classic 

C RYSTAL STRUCTU RES, Vol. I, Second Edition, appears this month, 

for the first time in hard cover and the first of five volumes. ( Inter

science. App. 5 80 pp. Prob. $ 1 8 . 5 0 )  • Two books from the Univer

sity of California's Engineering and Physical Sciences Extension 

Series are C RYOG E N I C  TEC H N OLOGY, edited by R. W. Vance ( App. 

648 pp. Prob. $ 1 8.75 ) ,  and APPLI E D  CRYO G E N I C  E N G I N E E R I N G ,  

edited by Vance and W. M. Duke ( 5 1 0 pp.  $ 1 7 .50 ) .  The first is  

a source of applications and theoretical studies. The latter is an 

introduction and reference for design of components and systems. 

• Spiegler's SALT WAT E R  P U R I F I C AT I O N  offers fU1'l.damentals, 

methods, economics, and outlook. ( 1 962. 1 67 pp. $7 .50 ) 

J O H N  WILEY & SONS I N C .  - 605 T H I RD AVE. - NEW YORK, N. Y. 1 00 1 6  

even fer those who abhor i t .  Also one is 
intrigued by the bizarre and quite un
foreseeable implications of a simple 
mathematical hypothesis . Modern sci
ence has made the world seem a queer 
place and about Flatland it can be said, 
at the very least, that it is in complete 
consonance with this queerness.  Here 
Abbott's book appears as a paperback 
with all the original illustrations . 

F
RONTIERS OF SCIEKCE AKD PHILOSO-
PHY, edited by Robert G. Colodny. 

University of Pittsburgh Press ( $7 .50 ) .  

A series of lectures given at the U niver
sity of Pittsburgh in 1960-1961  by sev
eral philosophers of science : Carl G. 
Hempel, Wilfrid Sellars, M ichael Scriven, 
Ernst Caspari, Adolf Griinbaum and 
P .  K. Feyerabend .  The value of the pa
pers d i ffers considerably.  For example, 
Scriven's discourse on psvchoanalysis 
and parapsychology i s  glib and preten
tious, whereas Feyerabend's survey of 
the problems of microphysics and of the 
controversy surrounding Copenhagen 
orthodoxies affords a searching and ad
mirably illuminating analysiS . 

l'
HE IDEAS OF BIOLOGY, by John Tyler 
Bonner. Harper & Row, Publishers 

( $4 .95 ) . This volume in the "Harper 
:\IIodern Science Series" seeks to explain 
certain of the larger themes of modern 
biology, among them the workings of the 
cell, the mechanics of evolution, genetics 
and the processes of development from 
simple to complex organisms.  A well
illustrated, attractively written book 
that manages to introduce the reader to a 
broad field in a brief compass but with
out any sense of strain or hurr y .  

B
lOTECHKOLOGY : COKCEPTS A K D  Ap-

PLICATIONS, by Lawrence J .  Fogel . 
Prentice-Hall, Inc . ( $22 ) .  The subject 
of this book is essentially a new one that 
has arisen in recent vears as men move 
higher and faster, as their machines grow 
much more complex and as it becomes 
necessarv to consider not only what 
mechan ical systems can be made to do 
but also what the human organism is 
able to tolerate when subjected to severe 
stresses and strai n s .  M achines have an 
increasingly disagreeable wav of plac
ing demands on their operators that are 
hard to anti cipate when the machine is 
designed . 

Notes 

THE JOURNALS OF THE EXPEDITlO:\' 
UNDER ';HE COJ\H.IAKD OF CAPTS . LEWIS 
A"D CLAnK, editEd by Nicholas Biddle . 
The Heritage Prl ss ( $ 12 . .50 ) . An aUrac-
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Political Development 
C O M M U N I CATIO N S  AND P O L I T I C A L  D E V E LO P· 

M E NT. Studies in P o litical DC7 /elopl l le l l t, 1 .  Edited 

by Lucian W. Pye. $6.50 

B U R EA U C RACY A N D  P O L I T I C A L  D E V E LO P M E N T. 

Studies in P o litical D evelopl l le l l t, 2. Edited by 

J oseph LaPalombara. $8.50 

T H E  P O L I T I C A L  M O D E R N IZAT I O N  OF JAPAN 

AND T U R K EY. Studies ill P o litical Dc'uclopl l le l l t ,  3.  
Edited by Robert E.  W'" rd " nd Dank"," rt A .  Rus

tow. Forth c o lll il lg.  

E D U CATI O N  AND P O L I T I C A L  D E V E LO P M E NT. 

Studies ill  P olitica l Develop lll e l l t, 4 .  Edited by J ames 

S .  Coleman. Forth c o lll illg. 

P O L I T I C A L  PART I E S  A N D  P O L I T I C A L  D E V E LOP. 

M E NT. Studies i l l  Poli t ical DC7 'elop ll l e u t, .5. Edited 

by Joseph LaPa lombara a nd Myron '\'einer. Forth

c o ll li l lg.  

C O M PARAT I V E  P O L I T I C A L  C U LT U R E .  Studies ill 

P olitical De'veloplll elll .  6. Edited by Sydney Verba 

and Lucian 'vY. Pye. Forth c o ll l i l lg.  

A T H E O R Y  OF P O L I T I C A L  M O D E R N IZAT I O N .  

Studies in Pol it ical  Develop ll l e l l t, 7. Edited by  

Gabriel  A .  A l mond. Forth c o lll illg .  

THE POLITICS O F  THE D E V E LO P I N G  A R EAS. 

Edited by Gabriel :\. A Imond and J ames S .  Coleman. 

$10.00 

T H E P O L I T I C S  OF S O C I A L  C H A N G E  I N  T H E  

M I D D LE EAST A N D  N O RT H  A F R I CA. By ).lanfred 

Halpern. rl RA ND Corporatiol l  Research St udy. 

$8.50 

N I G E R I AN P O L I T I C A L  PART I E S :  P07l 'er I I I  a n  

Ell l ergcll t A frica ll Natiol l .  By Richard L. Sklar .  

$12.50 ( Coming in  October ) .  

O N E·PA RTY GOV E R N M E N T  I N  T H E  I VORY 

COAST. By A ristide R. Zolberg. $6.50 ( Coming in 

J anuary, 1964 ) .  

T H E  P O L I T I C A L  K I N G D O M  I N  U G A N DA. By 

D"vid E.  A pter. $10.00 

P O L I T I C A L  C H A N G E  I N  M O ROCCO. By Douglas 

E.  A shford. $8.50 

C E Y LO N :  D ilel l l l l las of a Ne7(' Natio l l .  By ''''. 

Howard Wriggins. $12.50 

I N D I A :  Th e Most D,mgcrous Decades. By Sel ig S .  

Harri son. $6.50 

C O N Q U E ST OF V I O L E N C E :  The Ca lldh iall Ph iloso

ph y  of C ollftict. By Joan V. B ondurant. $5.00 

Developing 
Countries 

TH E T R A N S F E R  O F  POW E R  I N  I N D I A. By V.  P.  

M enon. $8.50 

PA RTY P O L I T I C S  I N  I N D I A. By Myron Weiner. 

$6.00 

T U R K EY'S P O L I T I C S .  By Kemal Karpat. $7.50 

T H E  P O L I T I C S  OF I S RA E L. By Bernstein. $6.00 

T H E  R O L E  OF T H E  M I LITARY I N  U N D E R D EV E L. 

O P E D  C O U N T R I ES. Edited by John J. Johnson . .  -1 
RAND Corporatiol l  Resea rch S t udy. $8.50 

Technology 
D E S I G N  WITH C L I M ATE. By Victor Olg-yay. $1 5 00 

S O LA R  C O N T R O L  A N D  S H A D I N G  D E V I C E S .  By 

Victor a nd A b d " r  Olg-yay. $12.50 

Population Growth 
P O P U LAT I O N  G ROWTH A N D  E CO N O M I C  DE· 
V E LO P M E N T  I N  LOW.I N C O M E  CO U N T R I E S .  By 

A. J .  Coa le and E.  M .  Hoover. $8.50 

D I F F E R E N T I A L  FERTI L I TY IN C E N T R A L  I N D I A. By 

Edwin D. Driver .  $4.50 

FERTI LITY D I FFE R E N C E S  I N  A M O D E R N I Z I N G  

C O U N T R Y :  .-1 S nrvey o f  Lebal lese C o uples. B y  

David Yaukey. $·1.00 

T H E  PO P U LAT I O N  OF J A P A N .  By I rene Tacubcr. 

$15.00 

R E S EA R C H  I N  FAM I LY P L A N N I N G .  Edited by 

C1 ydc V. K iser. $12.50 

Sociology 
W O R K E RS, FACTO R I E S ,  A N D  SOC I A L  C H A N G E  

I N  I N D I A. By Richard D .  Lambert. $5.00 

SOC I A L  C LA S S  A N D  S O C I A L  C H A N G E  I N  

P U E RTO R I C O .  By Melvin M .  Tumin with A rnold 

Feldman. $10.00 

Economics & Aid 
FOR E I G N  A I D :  TheorJI & P rac tice ill SO l l therl l  A s ia .  

By Charlcs Wolf, J r . f1 R A N D  Corporation J<e

scarch S t u d.\'. $7 .50 

T H E EC O N O M I C  D E V E LO P M E N T  OF J A P A N .  By 

Wil l iam W. Lockwood. $10.00 

O rder frol l l  J'o u r  b o o kstore, o r  

PRINCETON UNIVERSITY PRESS, PRINCETON, NEW JERSEY 

3 0 1 
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� " " " , l il " I :! THE COUNCIL ON 
IfInUlli FOREIGN RELATIONS 

publishes the important books 
for the informed world citizen-

T H E  P EAC E F U L  ATOM I N  FOREIGN POLICY 

By Arnold Kramish. What can or cannot be done thro ugh 
international cooperation? Probing a nalysis and questions to 
stimulate  controversy and to elicit more acceptable sol u
tions. $5 .50  

POLITICAL HANDBOOK A N D  ATLAS O F  T H E  WORLD - 1 963 

Edited by Wi'llter H. Mallory. A n  i ndispensable source 
book in i nternational affairs.  3 2  page s upplement i n  ful l  
color containing continental  and regional  maps .  $6. 95 

T H E  F U T U R E  OF U N D E RDEVELO P E D  COUNTRI ES 

Political Implications of Economic Development 
By Eugene Staley. New revised edition. "The best book 
of its kind o n  the problems of world development . "-The 
London Times Literary Supplement. $5 . 50  

SPEARH EADS O F  DEMOC RACY 

Labor in the Developing Countries 

By George C. Lodge. "Breaks new ground in an i mportant 
field of international relations."-Porter McKeever, Com
mittee for Economic Development .  $4 .50 

SOUTH EAST ASIA I N  U N ITED STATES POLICY 

B y  Russell H. Fifield. Scrutinizes the p r i m e  target of the 
communist  offensive-th e  import of c urrent pol icy and new 
alternatives that merit  close attentio n .  $6. 50 

Send for FR EE catalog listing all  books /0  
Dept. 40,  58 East 68/h Street ,  New York 2 I .  

FOREIGN AFFAIRS 
An American Quarterly Review is published by 

THE COUNCIL ON 

FOREIGN RELATIONS 
"A n a c c u r a t e  a n d  a u t h o r i t a t i v e  o b 

server of world events (l nd one of the 
most influential periodicals in print." 

-TIME 
Ham ilton Fish Armstrong, Editor ' P h i l i p  W 
Quigg. Managing Editor. Written by experts, 
e d i te d  for a ll p e o p l e  who have i n q u i r i n g  

SPECIAL OFFER T O  NEW SUBSCRIBERS 
To int roduce FORElGN AFFAIRS to new subsc r i bers,  we w i l l  enter a 
year's  subscri ption at the reduced rate of $5 .00, includes foreign postage 
(regular rate $6 .00 for 4 i ssues) and send you the October issue free -
5 issues for only $5 .00. You save $2.50. 

Current October Issue FREE SAVE $2.50 
FOREIGN AFFAIRS 
58 East 68th Street, New York 2 1 ,  N. Y. 
Enclosed is $5 .00 (special  introd uctory rate ) for a year's subscription to 
begin with the next (January) issue . As an extra bonus 1 am to receive 
at once the current October issue without charge. 

NAME ________________________________________ ___ 

AODRESS _____________________ _ 

••••••• t.._.::-_-_-_-_-_-_-_-_-_-_-.:.O�E_-_-.::E_--_-_-_-_-_-';-S_7A-:-L __ 
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tive two-volume reissue of Nicholas Kd
dIe's early 1 9 th-century edition of the 
great journals of Lewis and Clark, sup
plemented by journals kept by two of the 
sergeants accompanying them on the ex
pedition .  Illustrated with water colors 
and drawings by Carl Bodmer and other 
contemporary artists.  

RUSSIA1\'-E1\'GLlSH CHEMICAL AND 
POLYTECHKIC DICTIONARY, by Ludmilla 
Ignatiev Callaham . John vViley & Sons, 
Inc. ( $ 19 .50 ) . A second, revised and 
updated edition of a standard work 
intended chiefly for the chemist and 
chemical engineer . 

THE PRACTICAL COGITATOR, selected 
and edited by Charles P. Curtis ,  Jr . ,  
and Ferris Greenslet . Houghton Mifflin 
Company ( $6 .95 ) .  A third, revised 
and substantially enlarged edition of a 
"thinker's anthology" incorporating fa
vorite passages from the wide readings 
of two cul tivated men. Both Curtis and 
Greenslet died in 1959.  

HAKDBoOK OF ANALYTICAL CHEMIS
TRY, edited bv Louis Meites . McGraw
Hill Book C o .:lnc .  ( $47.50 ) . A reference 
volume that embraces the fundamental 
data and practical procedures most use
ful in analytical chemistry . 

SELECTED PAPEHS OF KAJ LIKDEH
STnOl\I-LAKG, edited bv Heinz Holter 
and others . Academic 'Press ( $ 1 7 ) . A 
selection of the scientific papers of the 
late Kaj Linderstqjm-Lang, a leading 
Danish biochemist. 

ATOMS AKD THE Ul\'IVERSE , by G .  O. 
Jones, J. Rotblat and G .  J .  Whitrow . 
Charles Scribner's Sons ( $4 .50 ) . A sec
ond and revised edition of an able popu
larization of physics and astronomy. 
Photographs and diagrams .  

IKSECTS I N  Rt:LATIOl\' T O  PLAKT DIS
EASt:, bv Walter Carter . Interscience 
Publish�rs,  John Wile�' & Sons, Inc. 
( $25 ) . .  Intended for reference and as a 
source book, this monograph deals with 
insects and their activities as transmit
ters of plant-disease-producing organ
isms, with plant diseases caused by the 
toxic secretions that insects inject into 
the plant and with their role in transmit
ting plant viruses .  

THROUGH ALCHEMY TO CHEMISTRY, 
by John Read. Harper Torchbooks 
( $ 1 .75 ) . The late John Read's palatable 
and instructive historical account of th e 
transformation of alchemy into chem i s
try . A paperback. 
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McGraw-Hi l i  
Paperbacks 
Imprint of Exce l lence 
F r o m  c l as s i c  s t u d i e s  t o  c o n t e m p o rary re- ' 
s e a r c h ,  t h i s  is a w i d e - r an g i n g  s e l e c t i o n  o f  
p a p e r b a c k  b o o k s  i n  b a s i c  s c i e n c e ,  t e c h 
n o l o g y  and s o c i a l  s c i e n c e .  U s e  t h e  c o u p o n  
b e l o w  as a c o n v e n i e n t  o r d e r  f o r m .  

Technical 
E .  V. C o n d o n  & P .  M .  M o rse 
1 .  Quantum Mechanics 52.95 
One of the f i rst ( 1 929) b o o k s  o n  the s u b 
j ect-a m aj o r  c o n t r i b u t i o n  to the l i terature 
o f  modern p h ys i c s .  

L i n u s  P au l i n g  & S .  G o u d s m i t  
2.  T h e  Structure of L i n e  Spectra $2.75 
R e p r i n t  of a far-s i g hted w o r k  w h i c h  s t i m u 
l ated t h e  tre m e n d o u s  deve l o p m e n t  of s p e c 
t r o s c o py i n  t h e  l ast th ree d e c ad e s .  

P h i l i p  l .  A l g e r  
3 .  Mathematics for 

Science and Engineering 
P r o c e d u res f o r  tech n i c a l  p r o b l e m  
w i t h  p r o b l e m s  a n d  answers .  

T h e o d o re v o n  Karman 

$2.95 
s o l v i n g  

4. Aerodynamics $2.45 
A b a s i c  s u rvey of the f i e l d  by one of its 
g re atest s c h o l ars ,  t h i s  s u c c i n ct study c o n 
c l u d e s  w i t h  a d i s c u s s i o n  of r o c kets.  

George H .  M i l l e r  
5. Language a n d  Communication $3.45 
E x a m i n e s  co m m u n i cat ive b e h av i o r  w i t h  
stra ig htfo rward c l ar ity.  

H. V. A n d e rs o n  
6.  C h e m i c a l  C a l c u l ations $2.75 
C o m m o n - s e n s e  mathemat ics  u s e f u l  to both 
beg i n n i n g  and advanced c h e m i sts .  

l .  V. Berkner  & H .  O d i s h aw 
7. Science in Space 53.95 
By two of the d i rectors of the I nt e r n at i o n a l  
G e o p h y s i c a l  Y e a r ,  t h i s  v o l u m e  e x p l o res 
e x i s t i n g  and f u t u re deve l o p ments i n  n o n 
te c h n i c a l  l an g u ag e .  

F .  D a n i e l s  
8. Mathematical Preparation 

for Phys i c a l  Chemistry $2.50 
For the s t u d e n t  f i rst a p p r o ac h i n g  the s u b 

j e c t ,  a n d  t h e  pract i c i n g  e n g i neer .  

M art i n  Gardner  
9. Log ic Machines and D i agrams $2.25 
The m e c h a n i c a l  and e l e c t r i c a l  m a c h i n es 
d e s i g n e d  f o r  p r o b l e m s  i n  formal l o g i c ,  and 
g e o m e t r i c a l  methods f o r  the same t h i n g .  

G .  G o e rtzel  & N .  Tra l l i  
1 0 .  Some M athematical 

Methods of Phys ics $2.45 
Te c h n i q ues useful  in q u a n t u m  m e c h a n i c s ,  
a c o u s t i c s ,  e l e ct r o m a g n e t i c  t h e o ry ,  reacto r ' 
p h y s i c s ,  a n d  re l ated f i e l d s .  

H ar r i et G r iff in  
1 1 .  Elementary Theory of Numbers $2.45 
A treatment  i n t e n d e d  to st i m u l ate both i n 
s i g h t  and t h e  p o w e r  o f  a n a l y s i s .  

D .  C .  I psen 
12 .  U n its, D i mensions 

and Dimensionless N u m bers $2.65 
A c o m p re h e n s ive text e m p h a s i z i n g  t h e o ry 
as the b as i s  f o r  f r u i t f u l  deve l o p m e n t  a n d  
use o f  te c h n i q u es i n  d i m e n s i o n a l  a n a l y s i s .  

H e n ry M ar g e n a u  
1 3. The Nature of Phys i c a l  Real ity $2.95 
A p h i l o s o p h y  c h a l l e n g i n g  " att i tudes . . .  
w h i c h  p e rvade m o s t  of t h e  t h i n k i n g  o n  s u b 
j ects o f  s c i e n c e  . .  , n  

M .  M :  M i l l s ,  A .  T.  B i e h l  & R .  M a i n h ardt,  
E d i t o rs 

14 .  Modern Nuclear  Technology $3.25 
A u t h o r i tative art i c l es w r i tten for n u c l e a r  
e n g i neers  and p l ant  m a n a g e r s .  

E d w i n  F .  B e c k e n b a c h ,  E d i t o r  
1 5. M o d e r n  Mathematics 

for the Eng ineer $3.45 
L o u i s  N. R i d e n o u r ,  E d i t o r  
1 6. Modern Phys ics f o r  Engi neers $3.95 
G .  Ross R o b e rt s o n ,  E d i t o r  
1 7 .  Modern Chem istry 

for the Engineer and Scientist $3.75 
M at h e m at i c i a n s ,  p h y s i c i s ts and c h e m i st s ,  
respect i v e l y ,  rev iew c o n t e m p o rary deve l 
o p m e nts of c o n c e r n  to e n g i neers .  

J .  V. Uspensky 
1 8 . An I ntroduction 

to M athematic a l  Probabil ity $2.95 
A c l e a r  presentat i o n  of one of t h e  m o s t  
i m p o rtant b a s e s  of m o d e r n  s c i e n c e .  

J .  V. U s p e n s k y  
19 .  Theory of Equations $2.95 
D e r i v a t i o n  and use of v a l u a b l e  t h e o r e m s  
with  many p r a c t i c a l  p r o b l e m s .  

H u g h  D .  Yo u n g  
20 .  Statist ical  Treatment 

of Experimental Data $2.95 
A l u c i d  introd u c t i o n  req u i r i n g  o n l y  a l i m 
i t e d  m ath e m a t i c a l  b a c k g ro u n d .  

Popular Science 
R i c h ard M .  P e a r l  
21 .  How to Know 

the M inerals and Rocks $1 .95 
A f i e l d  g u i d e  with keys to recog n i t i o n  and 
color  p h o t o g r a p h s .  

H a n s  S e l ye 
22. The Stress of Life $2.75 
Dr. S e l y e ' s  revo l ut i o n ary c o n cept of stress 
as t h e  cause of menta l  and physical  i l l ness 
-both f o r  l ay m e n  and s p e c i a l i st s .  

H .  J .  B e r n h a r d ,  D .  A .  B e n nett & M .  S .  R i ce 
23. New Handbook of the Heavens $2.25 
P l anets ,  stars, and c o n ste l l at i o n s  with star 
maps for each seaso n .  

Arth u r  B e i s e r ,  E d i t o r  
24. The W o r l d  of Physics $2.95 
M a i n  c u rrents in m o d e r n  p h y s i c s  from G a
I i l e o  to E i nste i n .  

E .  T .  B e l l  
2 5 .  M athematics-

Queen and Servant of Science $2.65 
T h e  h i story,  c o n cepts and p i o n eers  of 
m a t h e m at i c s .  

A l an Devoe 
26. This Fascinating Animal World $1 .95 
" . s e n s i t i ve ,  i nf o r m e d ,  i m a g i n at i v e ,  a n d  
s c i en t i f i c a l l y  a c c u rate . . .  the h i g hest t y p e  
of g o o d  nature w r i t i n g  . . .  " C h i c ag o  T r i b -
u n e .  

F .  J .  L e e t  & D .  l.  Leet 
27. The World of Geology $2.75 
S e l e c t i o n s  f u r n i s h i n g  a c o n c i se s u rvey of 
t h i s  fas c i n at i n g  f i e l d .  

Jet  P r o p u l s i o n  Labo ratory, 
C a l i f .  I nsl .  of  Tech n o l o gy 

28. Mariner :  M ission to Venus $1 .45 
The fas c i n at i o n  and e x c i t e m e n t  o f  a g reat 
adve n t u r e ,  by t h e  men w h o  m ad e  il .  I l l u s
trated .  

F r a n k  S .  S t u art 
29. C ity of the Bees $1 .95 
A m o d e r n  c l as s i c  read and reread for  i t s  
rare c o m b i n a t i o n  of p o e t i c  i n s i g h t  and s c i 
e n t i f i c  a c c u racy. 

D .  Woo l d r i d g e  
30. T h e  Machinery of t h e  Brain S2.95 
How d o e s  the b r a i n  f u n c t io n ?  W h at is 
m e m o ry ?  H e re for l ay m e n  are the most  
u p - t o - d ate s c ientif i c  answers .  

E .  B .  W i l s o n ,  J r. 
31 . An Introduction 

to S cientific Research $2.95 
P r i n c i p l e s ,  tech n i q u e s ,  and p r o c e d u res f o r  
f r u i tf u l  research p ro g ra m s .  

Social  Science 
H .  G .  B a r n ett 
32. I nnovatio n :  

The B a s i s  of Cu ltural  Change $3.45 
An a n a l y s i s  of c reat iv ity i n  s o c i ety-why,  
h o w  and w h e re i t  o c c u rs-based o n  the 
study of s ix  c o n t rast i n g  c u l t u re s .  

N e i l  W.  C h a m b e r l a i n  
33. T h e  West i n  a W o r l d  without War $1 .25 
The p rofo u n d  c h an g e s  foresee a b l e  in a 
w o r l d  no l o n g e r  d o m i n ated by t h e  E ast
West arms race.  

J am e s  B ryant C o n ant 
34. The American High School  Today $1 .50 
J am e s  B ryant C o n ant 
35. Slums and S u burbs $1 .95 
The fam o u s  C o n ant R e p o rts .  L i k e l y  to d e 
term i n e  f o r  a g e n e rat i o n  t h e  d i re c t i o n  i n  
w h i c h  p u b l i c  e d u c a t i o n  deve l o p s .  

S .  M .  F a r b e r  & R .  H .  l .  W i l s o n ,  E d i to rs 
36. Confl ict & Creativity $2.95 
Wide ran g i n g  views o n  the ten s i o n  be
tween the c o m m u n ity a n d  the i n d i v i d u a l .  

S .  M .  Farber  & R .  H .  l .  W i l s o n ,  E d i to rs 
37. Control of the M i n d  $2.95 
I n c i s ive t h i n k ers d i s c u s s  the m e n t a l  a n d  
p h y s i c a l  forces a c t i n g  o n  t h e  m i n d .  

A s h l ey M o nt a g u  
38. Anthropology and Human N ature $2.75 
Pract i c a l  uses of t h i s  j u s t i f i a b l y  p o p u l a r  
f i e l d  as s e t  forth by o n e  of i t s  m o s t  e m i 
n e n t  pract i t i o n e r s .  

S h n e i d m an & Farberow 
39. C l ues to Suicide $1 .95 
T h i s  u n i q u e  study of the causes of s u i c i d e ,  
a i m e d  a t  i ts  c o n t ro l ,  i n c l u d e s  s u i c i d e  notes 
which are both d ra m a t i c  and p i t i a b l e .  
I ntrod u c t i o n  by Kar l  A .  M e n n i n g e r .  

L e o n a r d  S .  S i l k  
40. The Research Revo lution 52.25 
A f u l l  s c a l e  s u rvey of t h e  effe cts of re
search o n  A m e r i can b u s i ness by the E c o 
n o m i c s  E d i t o r  of B u s i ness W e e k .  

• • • • • • • • • • • • • • • • • • • • • • • •  

1 0 · DAY F R E E  E XA M I N AT I O N  
M c G RAW- H I L L B O O K  C O .  
P a p e r b a c k  D e pt . :  S A963 
327 West 4 1 st Street ,  New Y o r k ,  N. Y.  1 0036 

P l ease s e n d  m e  the books w h o s e  code n u m be r s  
1 have c i rc l e d .  I u n d e rstand that I m a y ,  i f  I w i s h ,  
return  t h e  b o o k s  w i t h i n  t e n  days a n d  o w e  noth i n g .  
O t h e r w i s e  I w i l l  rem i t  t h e  c o s t  of t h e  b o o k s  
p l u s  25¢ f o r  postage a n d  h a nd l i n g .  ( O r d e r s  
a m o u n t i n g  to $5.00 o r  l e s s  m u st be a c c o m pan i ed 
by c h e c k  or m o n e y  o r d e r  f o r  t h e  cost  of  t h e  
b o o k s  p l u s  25¢ f o r  p o s t a g e  a n d  h a n d l i n g .  S a m e  
retu rn p r i v i l eg e  a p p l i e s . )  A d d  s a l e s  tax. w h e re 
l o c a l  l aws req u i re .  

1 ,  2 ,  3 ,  4 , 5 ,  6 , 7,  S,  9 , 
1 0 , 1 1 ,  1 2 ,  1 3 , 1 4 , 1 5 , 1 6 ,  1 7 ,  1 8, 

1 9 ,  20 ,  21 , 22, 23, 24, 25, 26, 27 , 

28 ,  . 29, 30 ,  31 ,  32, 33, 34, 35, 36, 

37, 38, 39 ,  40 .  

N a m e. _______________ _ 

A d d r e s s  ______________ _ 

C i ty, _______ Z o n e  __ S late ___ _ 

D S A V E : On o rd e r s  f o r  m o r e  t h a n  $5.00,  e n c l o s e  
c h e c k  o r  m o n e y  o r d e r  a.nd p u b l  i s h e r  pays 
postage a n d  h a nd l i ng .  Same retu r n  p r i v i l eg e .  

D F R E E  CATA L O G :  P l ease s e n d  m e  c o m p l et e  
l i s t i n g  of M c G raw· H i l l  P a p e r b a c k  B o o k s .  
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A E R OJ ET-G E N E RA L  C O R P O RAT I O N .  A S U B
S I D I A RY O F  T H E  G E N E R A L  T I R E  & R U B-
B E R  C O M P A N Y  . . . . . . . . . . . . . . 277 

Agen c y : D 'A r c )' A d v e r t i s i n g  C o m p a u )  

A L L E N - B RA D L E Y  C O M P A N y  . . . .  2 5  
A g (· n c y : T h e  F c n s h o l t  A d y c r t i s i n g:  A g e l l t' � . I n (' .  

A L L I E D C H E M I CA L  C O R P O RAT I O N  . . . B a c k  Cover  
A g e n c y : B C I l I u n  &. B o w l e s .  I li c .  

A L L I S- C H A L M E R S  M FG .  C O  . . . .  1 7  
A j! c l l c y :  K l a u - \ra n  P i ctcrsom · D u li la p ,  I n c .  

A L U M I N U M  C m' PA N Y  O F  A M E R I CA .  C H E M -

304 

I CA LS D I V I S I O N . . 2 7  
'\ g{' n c �' : K c t e ll ( ! l n .  -' I a c l e o d  &. Grove,  I III ' , 

A M E R I CA N  CAST I R O N  P I P E  C O M P A N Y . . .  2 b  
A g e n c )' : H o b e r t  L l l e k i c  &. C o m p a n y ,  I n c .  

A M E R I CA N  C Y A N A M I D  C O M P A N Y . . .  1 77 
A j! e l l c y : D a n c e r .  F i tzj!cra l d · Sa m " l e .  1 11( ' . 

A M E R I CA N  E L S EV I E R  P U B L I S H I N G  C O M -
P A N Y  . . _ . . . . .  _ . . . _ _  . .  _ .  HO 

A g e n c y :  F r a n k l i n  S p i e r .  I n c .  

A M E R I C A N  O P T I C A L  C O M P A N Y .  I N ST R U -
M E N T  D I V I S I O N  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  205 

Aj!eIH ': Y : Celia a n d  W l' l I � .  I n c -

A M E R I CA N  P O T A S H  & C H E M I C A L  C O R P O 
RAT I O N .  R A R E  E A R T H  ( L I N D S A Y )  D I V I -
S I O N  l Ob 

Ag"cn c y : T h c  :\lc C a n y  C O l ll p a n �  

A M P EX C O R P  . . . . . . . . . .  249 
Aj!l' ll c y : C u n n i u g l HIIl l  &. Wal, d l  I : ! l' ,  

A R C H E R - D A N I E L S - M I D LA N D  C O M PA N Y  . .  B5 
Agcn c y : V a l e l l l i n c - H a d furd , I l l e .  

A SS E M B L Y  P R O D U CT S .  I N C  . .  
A g e n q' : T h o lJ l ll>'  R .  S ll n d h e i m  I t l (: o r p u r a l c d  

A U TO N ET I C S .  A D I V I S I O N  OF N O RT H  A M E R -
I C A N  A V I AT I O N .  I N C . .  . .  . . . .  274 

Agcll q : B a l l c n .  B a rt o n ,  D tl r S l i ltf' 8. Os b o r n .  I I l ( ' .  

A V C O - EV E R ETT R E S E A R C H  L A B O RATO R Y .  A 
D I V I S I O N  O F  AVCO C O R P . . . .  . . 20b 

A j! C I 1 C V :  ;\ l I i e d  A d H' r t i s i n g  A g c n q  I n c .  

BA R N E B E Y -C H E N EY C O M P A N y . . . .  . .  2 1 b  
Agcll c )  : O d i o r n c  I c ( l u s l r i a l  A d H' r t i s i n g' .  1 1 1 , " .  

B A U S C H  & L O M B I N C O R P O R A T E D  . . .  l b5 
A g c n ( ' }, : \'\" o l ff  A s s o c i a t c s ,  I n t .  

B E L L  T E L E P H O N E  S Y S T E M  . .  3 9  
Age n c y : N . W .  A y e I'  &. S o n .  I l l c .  

B E N D I X  C O R P O RAT I O N ,  T H E ,  R ES EA R C H  
L A B O RATO R I ES D I V I S I O N . . . . . . . . . . . . . . . . . . . . . . . . . .  2 1 5  

Agcn c y : l\ l a e ) l a n u s .  J o h n  l'( ,\ d a l l t f'. .  1 m .: . 

B L I SS .  E. W .• C O M  P A N Y . . .  3 1  
A ,.:- c n c y : F c c l t' �  ·\ d v e r t i � i l lg \ g e Jt n . I t t , " .  

B O E I N G  C O M PA N Y  1 8 1  
A j! c ll c y : F l e t c h e r  B i e h n r . ! s .  C a l k i t t s  &. I-ho l d t , t l .  1 , 1 1.: .  

B O O K  F I N D  C L U B .  I N C  . .  T H E  . . . . . . . . . . . . . . . . . . . . . . . . . .  287 
A g c n c y : B o e d i n g  & A r n ol d .  I n t " .  

B O RG-WA R N E R  C O R P O R AT I O N  . . . .  . .  . . . .  5 0 .  5 1  
A g e n c y : C l i n t o n  E .  F r a n k .  I n c .  

B R I TA N N I CA SC H O O LS .  A D I V I S I O N  O F  
E N C Y C LO P A E D I A  B R I TA N N I CA P R ES S .  
I N C .  . . . . . . . . . . . . . . . . . . . . . . . . . .  291  

A j! c l l c y : G a r f i e l rl - L i r t ll a l l d  C o t n p a l l �' 

B R O O K I N G S  I N ST I T U T I O N .  T H E . . .  . .  . . . . . 294 
A g e n c y : \'r c l e h  . ..\ I i r a b i l e  & Co . .  I n c  

B R O W N  & R O O T .  I N C . . .  . 34 
A f!(· t t c ), :  \V i l s o n  j\ (h'Crl i s i l l g"  C o m p a l l �  

B R U N I N G .  C H A R L E S .  C O M PA N Y ,  I N C . . .  . 239 
A j! e /H" Y : B u d l f' 1l A d v e r t i s i l lg.  I ll c .  

B U LOVA WATCH C O M P A N Y ,  I N C . .  44 
Aj!(' ll c y : S u l lh·a n .  S t a u ff e r ,  Colwell  &. B a �  Ief'..  I l I l ' .  

C & I / G I R D L E R  C O R P O RAT I O N  . . . . . . . . . . . . . . . . . . . . . . . . . .  1 37 
A ,! f' I H' Y : S t l"a t l c h c l l  &. "\Ll " K i m .  l I H " .  

C A P I T O L  R A D I O  E N G I N E E R I N G  I N ST I T U T E .  
T H E  1 5  

A g e n c y : H e n f }  J .  K a u fm a n  &. Assutiates 

CAT E R P I L L A R  TRACTOR C O  . •  D E F E N S E  P R O D -
U C T S  D E P A RT M E N T . 1 7 5  

Agen c y : N .  \\ .  A ) e r  & S U I l .  I n t " .  

C E L A N E S E  C O R P O RA T I O N  O F  A M E R i CA . . . . . . . 1 45 
Age n c )' : E l l i n g t o n  &. C o m p a n y ,  I n c .  

C E N T E R  F O R  N A V A L  A N A LY S E S  O F  T H E 
F R A N K L I N  I N ST I T U T E . . . . .  . . . . . . . .  3 1 0  

A g c n c y : B a u e r . T r i p p - F o l e y .  I ll c .  

C E N T R A L  I N T E L L I G E N C E  A G E N CY .  T H E . . . . . . . .  2bB 
A g (' n c y : D c tl t " e h  &. Shea. I l l f ' .  

C H A RT - P A K .  I N C . .  . .  . . . . . . . . .  2b2 
A g e n c y : N o �  es &. C o m p tul ) . I n e o qJ o l"llted 

C H A S E  M A N H ATTA N BA N K .  T H E .  I N T E R N A-
T I O N A L  D I V I S I O N . .  . 89 

Agen c � . C 0 l 11 p l (1 1 1  .-\ c i H' r t i s i n g ,  1 11 (' .  

C H E M I C A L  BA N K  N EW Y O R K  T R U ST C O M -
P A N Y 1 55 

A ;! c n c � : B e n t o n  &. B u w l e s .  I n (' ,  

C H E M ST RA N D  C O M P A N Y .  A D I V I S I O N  O F  
M O N S A N TO C H E M I CA L  C O M P A N Y . .  1 25 

A g e n e y : H o b c r t  L u e k i e  &. C O l l 1 p a n � . 1 11 1. : .  

C I TAD E L  R E C O R D  C L U B  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 9 5  
A g- c l1 c y : T h e  \'\"arrel l  C o m p a n y  

C L I FT O N  P R EC I S I O N  P R O D U CTS C O  . •  I N C . .  2 9  
A !,! e n q : h e � Alh e r t i s i t l 1,!  1 11(" .  

C O L O R A D O  D I V I S I O N  O F  C O M M E R C E  A N D  
D E V E L O P M E N T  2 b l  

Age n c y : W i l l i a trt K u s t k a  a n d  '\ ss(l e i a t cs.  I n c  

C O M B U ST I O N  E N G I N E E R I N G . .  1 1 5  
Agent")  : G . . \ 1 .  B a s f o r d  C l ! l1 l p a l l �  

C O N T R O L  D A T A  C O R PO RAT I O N . . 1 4b 
A j! e n (" � : E r w i n  \'\"a"e � ,  I{ u t l l ra u ff &. H � a n .  I n c .  

C O R N E L L  A E R O N A U T I C A l .  l A B O R ATO R Y .  
I N C .  O F  C O R N E L L  U N i V E R S i TY . . . . . . . . . . 3 0 b . 307 

A j! c tl l" \ : Dariwr "- D r u l l a r d  I n c  
C O R N I N G  G LA S S  W O R K S .  T EC H N I CA L  

P R O D U CTS D I V I S I O N . . . .  . . . . . . . . . . . . . . . .  2 1 9  
A g c n l" �  : T i r e  H u w r i l l  C u t l l p i\ l I �  L n c .  

C O U N C I L  O N  F O R E I G N  R E LAT I O N S .  T H E . . . . 302 
A g e n c y :  F r a n k l i , '  S p i e r .  I n t" . 

C RY O V A C  I N C O R P O R A T E D  . .  200 
A g c n c �' : The J a y  H . l\ l a i ;; 1 r  C (l tn l ' a l l �  

C U RTA C O M PA N y  . . . .  . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  254 
A ;.! e lH : Y : Rubert L. E as t m a n  

D O U G LAS A I R C R A FT C O M P A N Y .  I N C . .  . . . .  2 2 . 2 3  
A g c n l" } : J. \Va l t e r  T h o m J ! s o n  C u m p a n y  

D Y N A L EC T R O N  C O R P O R AT I O N . . . .  . .  . . .  309 
Agelt c ), : Dawson )Jae Leod &. S t i v e r s  

EAST M A N  K O D A K  C O M P A N y . . . . .  81  
A g e n t: )  : T h e  R u m r i l l  C O m p a l l ) I n f" . 

E D M U N D  SC I E N T I F I C  CO . .  . .  . . . . .  270 
Age n c )' : Walter S .  C h i t t i c k  C O l 1 t l ' i\ l l �  

E I T E L- M cC U L LO U G H .  I N C  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 84 
A g e n c y : C u n n i n g h a m  &. W a l s h  l n e .  

E L EC T R O  I N S T R U M E N T S .  I N C  . . . . . 1 79 
A j,!" e tl C )  : Teawe l l .  I n (' .  

E L G E E T  O P T I C A L  C O M PA N Y ,  I N C  . . . . .  2 8  
A ;; e ll e y : T ire W e x t o n  C o m p a n y ,  I n c  

EST E R LI N E  A N G U S  I N ST R U M E N T  C O M P A N Y .  
I N C .  . .  . . . . . . . . . . . . . . . . . . . .  1 59 

A g e n n" ; C a l d w e l l .  L a r k i n  & S i ( l e n e r - Vl.I ll R i p e r .  l i l t " .  

E X EC U T I V E  P R O G RA M .  T H E . . .  . .  . .  2 8 5  
Age n e )' : S m i t h ,  H e n d c r s o n  & B e r c y ,  I n l" .  

FA I RC H I L D A E R I A L  S U R V E Y S .  A D I V I S I O N  
O F  FA I R C H I LD C A M E R A  A N D  I N ST R U -
M EN T  C O R P O RAT I O N . . . 2b5 

Agen c y : C l y d e  O .  Grah a m  A d n rt i s i n g  

F A I R C H I L D D U  M O N T  L A B O RATO R I ES D I V I 
S I O N S  O F  F A I R C H I L D C A M E R A  A N D  I N -
ST R U M E N T  C O R P O RAT I O N . . . .  . . . . . . . .  1 23 

A g e n c )' : T h e  Rogcr a n d  \�'i l b u r  C o m p a n y  J n c .  

FA I RC H I L D S E M I C O N D U CTO R .  A D I V I S I O N  
O F  FA I RC H I L D C A M E R A  A N D  I N ST R U -
M E N T  C O R P O RAT I O N . . . .  . .  . . . . . . . . . . .  222 . 223 

Al,!"c n c y :  J o h ns o n  &. Lew i s  l n e .  

F I E L D  E M I SS I O N  C O R P O RAT I O N  . .  . .  . . . . . . . . . . . . . .  1 1 7  
;\ g e n c }' : H o m c r  G r o e n i ng A d v e r t i s i n g  Agc n c y  

F I N A N C I A L  F E D E RAT I O N .  I N C  . . . . . . . . . . . . . . . . . . . . . . . . . . 1 03 
A g e n t' )  : C h arles B o w e s  A d ,·crt i s i n g ,  l l l c .  

F I RST N A T I O N A L  C I TY B A N K . . . .  l n s i d e  B a c k  Cover 
A g e ll e )" : l\ I o j! u l  \" · i l l i a m s  &. S a y l o r .  I l l c .  

FO R D  M OT O R  C O M P A N Y .  THE . . . . .  . .  . . . . . . . . . .  1 27 
A g: e n c �  : K c n \'o n  &. E c k h a r d t  I n c .  

F R I D E N .  I N C . .  252 
A g e n c y : H i c h a r d  N .  l\leltzcr -\ d \·ert i s i n g .  I n c .  

G A R R ETT C O R P O RAT I O N ,  T H E .  A I R E S E A R C H  
M A N U FA C T U R I N G  D i V i S i O N S. . . . . .  1 88 

Age n c y : J .  \"-a l t e r  T h o m p s o l l  C o m p a n y  

G E N E R A L  D Y N A M I CS E L EC T R O N I C S  . . . . . . . . . . . . . . .  2 8 0  
A j! e tH : Y : D c u t s c h  &. S h e a ,  I ll c .  

G E N E R A L  D Y N A M I C S / F O R T  W O RT H  . . . . . . . . . . . . . . .  2 7 1  
A g: e n ( " �  : G l e n n  Ad\·ert i s i n g .  I n c .  

G E N E R A L  D Y N A M I C S  L I Q U I D  C A R B O N I C  
D I V I S I O N  . . . . . . . .  1 8 . 1 9  

A:� e n t" y : B u dten A ( h- c r t i s i n g .  I n c .  

G E N E R A L  E L ECT R I C  C O  . .  A P O L L O  S U P P O RT 
D E P A R T M E N T  . . . . . . . . . . . . . . . . . . . . . . . . . .  2bb 

A�c n c y : D e u t s c h  &. Shea, I n c .  

I N D EX  0 
SEPTEMBE 

G E N E R O\ L  E L ECT R I C  C O  . .  L A M P M ETALS & 
C O M P O N E N T S  D E P T . .  . 1 47 

A::er\(: �  : B a t t e n .  B a r t o l i .  D u r s t i n e  &. O s b o r n .  I n c .  

G E N E R A L  M OT O R S  C O R P O RAT I O N .  A L L I -
S O N  D I V I S I O N . .  . . . . . . . .  259 

A j! c n c y : H.  L. Ross A d H' r t i s i n g:  

G E N E R A L  M OT O R S  R E S E A R C H  L A B O RATO-
R I E S . 234 

Agent ")  : Campbe l l - E w a l d  C o m p a n y  

G E N E R A L  P R E C I S I O N .  I N C  . •  C O M M E RC I A L  
C O M P U T E R  D I V I S I O N .  I N FO R M A T I O N  
SYST E M S  G R O U P . .  40 

A g e / l c )' : G a y n o r  &. D u c a s .  I n l ' .  

G E N E R A L  T E L E P H O N E  & E L ECT R O N I C S  C O R -
P O R AT I O N  . . . . .  l oB 

A ).!'c ;w y :  K u d n c r  A g e ll t � . I I l ( ' ,  

G O O D R I C H .  B .  F . .  C H E M I C A L  C O M P A N Y .  
A D I V I S I O N  O F  T H E  B .  F .  G O O D R I C H  
C O M P A N Y  24 

Agenl.: Y : T h e  G r i s \\ ol d . E s h l e m a n  C o .  

G O O D Y E A R  A E R O S P A C E  C O R P O R AT I O N  • 
A R I Z O N A  D i V i S i O N . . . .  .. . . . . . . . . . . . . . . . . . . . . . . . . .  290 

G U R L E Y .  W .  & L .  E . .  l BO 
A�"!cll e y : Fred W i t t tl c r  C o m p a n y .  I 'H" . 

H A M I LT O N  STA N D A R D  D I V I S I O N  O F  U N I T E D  
A I R C R A FT C O R P O RAT I O N  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 244 

A .,;" e ll q : W i l s o n ,  H a i j! l r t  &. W c l d l .  I n (" . 

H A M I LT O N  WATCH C O M P A N Y ,  P R EC I S I O N  
M ET A L S  D i V i S i O N . . . .  . .  . .  242 

A;Jf" n q : \-a n S a n t ,  D tt j! d a l c  and C O lll p a n y ,  I n e .  

H A RC O U RT .  B RA C E  & W O R L D  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  295 
Aj!cll t )' : F r a n k l i l l  S p i er ,  I n c  

H A R S H A W  C H E M I C A L  C O M P A N Y .  T H E 
C RYSTAL S O L I D-STATE D I V I S I O N . . 1 2  

H A RV A R D  U N I V E R S I T Y  P R E S S  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  298 
A;;:ell l.: } : F r a n k l i n  S p ier,  1 t tl : .  

H A Y D O N .  A .  W . ,  C O M P A N Y ,  T H E  . . .  . . .  2 3 1  
'\ ,! e l l l" � : H i cks &. G r e i s ! .  I ll c o r p o r a t e d  

H EATH C O M P A N y  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2b5 
Aj!t· I 1 ( " } : A d v a n c e  A d v e r t i s i n g  S c r v i n .! ,  I n e. 

H EW L ETT- P A C KA R D  C O M P A N Y  . . . . . . . . . . . . . . . . . . .  1 8b .  1 87 
A ;.:- c t u : y : L. C. C o l e  C o m p a n y . I n c  

H I G H  V O LTA G E  E N G I N E E R I N G  C O R P O R A -
T I O N  8 2  

Agen c y : I\' O )'CS & C o m p a n y .  I ll e o rp o r a t c d  

H O L M ES & N A R V E R ,  I N C . . .  l b  
Agc n c y : B o y l h a r ! .  Lovett  &. D e a n ,  I n c .  

H O N EYW E L L .  D E N V E R  D I V I S I O N .  I N D U S -
T R I A L  P R O D U C T S  G R O U P . . .  1 93 

A l! c l t c y : T u ( . l  a u d  F o \\ I e I' A d v c r t i s i ng ,  I n c .  

H O N EYW E L L ,  R E S E A R C H  C E N T E R . . .  . .  . . . . . . . .  221  
�j,!"C/ll "} : B a t t e n .  B a r t o n ,  D u rst i ll e  & O s b o r n .  1 1 1 1" ,  

H O O K E R  C H E M I C A L  C O R P O RAT I O N . .  87 
A l!e l 1 t.: � : T ire K u tl l r i l l  C o m pllllY I n e .  

H O W E  S O U N D  C O M P A N Y  . . .  1 07 
j\ genc y :  A rll d t . P rest o n - C h ap i n . La m b  &. K e c n . l n c  

H U G H ES A I R C R A FT C O M P A N y  . . . . . . . . . 1 38 ,  1 39 .  202 
Aj!e lll"} : F o o t e ,  C(lJ tc & Be l d i n g  

H Y S T E R  C O M P A N Y  . . . . 1 05 
A g e n c ) : C o l c  &. W e b e r .  I n t.: .  

I N D I A N A  G E N E R A L  C O R P O RAT I O N . . . . .  1 8 3  
A g e ll c y : La\\ l e r .  K C I I Il f' y  & H e i c h e r t ,  I n , " .  

I N D U ST R I A L  D I ST R I B U T O R S .  LTD . . . . . . . . . . . . . . . . . . .  .4b. 47 
A j,! e n c y : N. \V.  A j e r  & S o n .  I n c .  

I N T E R N AT I O N A L  B U S I N ESS M A C H I N ES 
C O R P O RAT I O N  . .  I n s i d e  B a c k  Cover  

Agertl" Y : B � n t o n  &. B o w l e s ,  I n t.: .  

I N T E R N AT I O N A L  N I C K E L  C O M P A N Y .  I N C  . .  
T H E .  P L AT I N U M  M ET A L S  D i V i S i O N  .. . . . . . .  3 2 .  JJ  

Al,!"ctl C y : � l c C a n n · l\ tarsc h a l k  C o m p a n y .  1 1 1 1.: .  

I N T E R N AT I O N A L  T E L E P H O N E  A N D  T E L E-
G RA P H  C O R P O RAT I O N . .  1 3  

A ;:! e l l (· Y :  N e e d h a m .  L o u i s  a n d  B r o r b y .  l i l t , .  

J ET P R O P U L S I O N  L A B O RATO R Y .  C A L I F O R -
N I A  I N ST I T U T E  O F  T EC H N O LO G y  . . . . . . . . . . . . . . 2bO 

;\gelt  .. � :  H i x s o n  & J o rl,!"e l 1 !S e n .  I n t" . .  A d v c r t i s i n g  

J O H N S  H O P K I N S  P R ES S .  T H E . . . . . . . . . . . . . . . . . . . . .  294. 295 
A ;;- C I H " � : \\" f' l d t .  i\ l i ra h i l c  l'\ C o  . .  I n e .  

© 1963 SCIENTIFIC AMERICAN, INC



\DVE RTI S E R S  
�963 

J O H N S- M A N V I L L E  C O R P O RAT I O N  . . . . . . . . . . . . .  1 0 ,  1 1  
.. "-' g e n e y : C u n n i n g h a m  &. Walsh I n c .  

K A I S E R  A L U M I N U M  . . . .  
.... geney : Young &. R u b i c a m ,  I n c .  

K N I G H T ,  A U STI N ,  LTD . . . .  . .  . . . . . . . . . .  254 

K N O W L T O N  BROTH E R S ,  I N C O R P O RATED . . . . .  2 1 4  
A genc y : Barlow/Johnson I n c .  

K O P P E R S  C O M P A N Y ,  I N C . . . . . . .  . . . . . . .  . 3 6 ,  3 7  
Agcll c y : Bal len ,  B a r t o n ,  D urstinc & Osborn , I n c .  

LANCASTER G LASS C O R P O RAT I O N . .  1 7 6  
io\ gctH: Y :  l-I o warJ S w i n k  A d v e r t i s i n g:  A ge ll c y , I n c .  

L EESO N A  M O O S  L A B O RATO R I ES ,  A D I V I -
S I O N  O F  L E E S O N A  C O R PO RAT I O N . . 1 97 

Agen c y : S m i t h ,  Win ters J\J a b u c h i ,  I n c .  

L I B R A R Y  O F  SC I E N C E ,  T H E. . . . .  . . .  2 8 2  
Agcll c y : Sl I I i t h ,  H e n d e rson & B e r e )"  I n c .  

L I N C O L N  L A B O R A T O R Y ,  M A SSAC H U S ETTS 
I N ST i T U T E  OF T EC H N O L OG Y . . .  . . 264 

}\ genq : H a n d o l p h  Associates 

LTV R ES E A R C H  C E N T E R ,  L l N G · T E M C O ·  
V O U G H T ,  I N C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 1 7  

A g c lH': Y : T h e  J ac k  W y a t t  C o .  

L I T T L E ,  A RT H U R  D . ,  I N C . . . . .  8 8  
A g e n c y : B a t t e n ,  Ba rton , D U l" s \ i n c  S. Osb o rn ,  I I H ': .  

L OC K H E E D · G E O R G I A  C O M P A N Y ,  A D I V I ·  
S I O N  O F  L OC K H E E D  A I R C R A FT C O R P O ·  
RAT I O N  . . . . . . . . . . . . . . . . . . . . . . . .  257 

t\ g-(' n c �' : D o na h ue & Coe, I n c . 

LOC K H E E D  M I S S I L E S  & S P A C E  C O M P A N Y ,  
A G R O U P  D I V I S I O N  O F  L OC K H E E D  A I R· 
C R A FT C O R P O R AT I O N . . . .  4 1  

A;":i' I I ( ' Y : F o o t e ,  C o n e  &. B el d i n g 

l .OC K H E E D  M I SS I L E S  & S P A C E  C O M P A N Y ,  
A G R O U P  D I V I S I O N  O F  L OC K H E E D  A I R· 
C R A FT C O R P O R AT I O N . .  . . . . . . . . . . . . . . . . .  279 

A ;'; " I I t.:) : I-I a l  S t e b h i n s  I n c o r p o ra t e d 

l .OS A L A I-' O S  SC I E N T I F I C  L A B O R A T O R Y  O F  
T H E  U N I V E R S I TY O F  CA L I FO R N I A .  . . . . . . . . . . 308 

A g e l ] I ' Y : T o p p i n o -Go ld e n A g c ! H ': Y  

L O U I S I A N A  STATE D E PA R T M E N T  O F  C O M ·  
M E R C E  A N D  I N D U ST R Y . . .  1 20 

A j.! c ll c y : T h e  S w igart  C o m p a n y ,  I n c .  

M A L L O R Y ,  P .  R . ,  & C O .  I N C . . . . 
A g '>Jl c y : T h e  ·\ i t k i l l . K yn c t t C 'J . ,  I l l , ' ,  

M A R Q U A R D T  C O R P O RAT I O N ,  T H E  . . .  . .  . . . . . .  3 1 1  
A g:e t H ' Y : G r a n t  A d v e r t i s i n g ,  I ll l: .  

M A RT I N  M A R I ETTA C O R P O RAT I O N ,  D E N V E R  
D I V I S I O N . . . . . 243 

A g e n c y : Ball & D a ," i ol soll , I n c .  

M c D O N N E L L  A I R C R A FT C O R P O RAT I O N . .  49 
Ag:f ' IH') : J oh n  P a l r i i  k S t aITS, I ll c . 

M c G RAW· H I I. L  B O O K  C O M P A N y  . . . . . . . . . . . . . .  289, 303 
-\;';" 1 )0:} : C h i n l rg �I\ C a ; r : 1' 5 ,  I n c .  

M E R R I A M ,  G .  & C . ,  C O  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  296 
A ;.!(, t H' y : N , , ) cs & Cmn jJ; ! I l } . J rw .  

M I D L A N D · R O S S  C O R P O R AT I O N  . .  
:\ ge IH': Y : l\ l e l d r n lll  & FCWSl l l i l h ,  I n o; . 

1 2 1  

M I T R E  C O R P O RAT I O N ,  T H E  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 8 1  
-\�.;t: J J c y : T h e  B res n i ck C O m p el ll ) ,  I n c .  

M OT O R O L A  S E M I C O N D U C T O R  P R O D UCTS 
I N C . ,  A S U BS I D I A RY OF M OT O R O L A ,  
I N C .  2 5 1  

A ;':(, IH' } : 1..1 1 1 < '  a n d  B i rd '\' , l \ e r1 : s i ' I ;':: . I n c ,  

M U I R H EA D  & C O . ,  L T D . .  . . . . . . . . . . . . .  2 6 1  
.\, :� P ll c y : :' l i· p l i P tH l  A d w' r l i s i l l ;':  S{'rv i ( · e L i d .  

M Y C A L E X  C O R P O RAT I O N  O F  A '� E R I CA . . . . . . . .  1 08 
A ;,;c l l c ) :  Pr i td l ard , \'\·0001 I l I l' u r p o r.[ l f- d  

N A L G E  C O . ,  I N C . ,  T H E  . . . . . . . . . . . . .  256 
A ;;t' n c y : W o l ff  A ssue i al es , I ll c .  

N AT I O N A L  C A S H  R E G I ST E R  C O M P A N Y ,  T H E  
9 , 269 

A ;.: e l H " Y : J\ l e C a n n - E r i c k s o n ,  I ll o; .  

N EW J E R S EY B U R EA U  O F  C O M M E R C E . .  1 98 
.\, g: e n c y : B o h N I  C O ll u h a y ,  ] n e u rp o ra t ed 

N O N · L l N EA R  SYST E M S ,  I N C . .  . .  . . . . . . . . . . . . .  8 4 ,  201  
Agen c y : H a m e s  C h u:: e  C O lli p a n }' 

O L I N  M ATH I ES O N  C H E M I CA L  C O R PO RA-
T I O N  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 0 ,  9 1  

Agenc y : Doylc·Dane· Bcrnbac h · I n e .  

OXFO R D  U N I V E RS I TY P R ESS . . . . . . . 286 
Agenc y :  Denhard & Stewart, I n c .  

P A N  A M E R I C A N  WORLD A I RWAYS, I N C O R ·  
P O RA T E D ,  G U I D E D  M I S S I L E S  RA N G E  D I ·  
V I S I O N  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1 2  

Agenc y : Deutsch & Shea, I n c .  

P A R K E ,  DAV I S  & C O M PA N y  . . . . . . .  . 1 09 
Agenc)' : Young & R u b i c a m ,  I n c .  

P E R K I N · E L M E R  C O R P O R AT I O N  . . . . . . .  3 0 ,  276 
Agenc y :  Gaynor & Ducas, I n c .  

P I TTS B U RG H  LECT R O D R Y E R  D I V I S I O N  M e ·  
G RAW- E D I SO N  C O M P A N y  . . . . . . . . . . . . . . . . .  .' . . . . . . . . .  1 02 

Agenc y : The Griswold. Eshleman C o .  

P I TT S B U R G H  P LATE G LASS C O M P A N Y ,  
C H EM I CA L  D i V i S i O N . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1 9  

A. gene y : K e t c h u m ,  :MacLeod & Grove, I n c .  

P L A S T I C S  E N G I N E E R I N G  C O M P A N Y  1 9 1  
Agenc y : K u t t n e r  & K u t t n e r ,  I n c .  

. .  

P O L�!� lfA L
W�

E
W.Ar. I?� : T� E : T EC H N I� 

6 , 7 
.'\' gcll c y : Doyle·Dane-Bernbac h . l n c .  

P R E N T I C E· H A L L ,  I N C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  288 
:\,.;ellcy : Fran k l i n  Spier, I n c .  

P R I N C ET O N  U N I V E RS I TY P R ESS . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 0 1  
Agcn c y : Frank l i n  S p i e r ,  I n c .  

P U B LI C  S E R V I C E  E L ECTR I C  A N D  G A S  C O M -
P A N Y  . . . . . . . . . . . . . . . .  2 1 1  

Agen c y : W i l l i a m s  a n d  LoulloJ] A d ver t i s i n g 

Q U ESTA R C O R PO R AT I O N  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 1 8  

R C A  E L ECT R O N I C  C O M P O N E N T S  A N D  D E· 
V I C E S  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 67 

A gen c y : Al P a l l l Lefton Company I n c .  

RCA E L ECT R O N I C  D A T A  P R O C E SS I N G . . .  4 8  
A ,,: c n c y : A l  I"',u r l  L e f t o n  ( o m p a n y  I ll c . 

RA D I O  E N G I N E E R I N G  L A B O RATO R I ES ,  I N C .  45 
A g e n c y : Tholllns Fran k l i n  B urroughs C o .  

R A D I O  F R E Q U E N C Y  L A B O RATO R I E S ,  I N C . . . . . . 1 04 
-\ g: e l l c y : J .  A .  B rad y & C o .  

RA N D O M  H O U S E ,  I N C  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  284 
A g c n c y : S u ss m a n  &. S u gar,  I n c .  

R E I N H O L D  P U B L I S H I N G  C O R P O RAT I O N . .  . 299 
A :,:- e n c y : F ra n k Best & C u . ,  I n c .  

R E L I A N C E  E L ECT R I C  A N D  E N G I N E E R I N G  
C O M P A N Y  3 5  
A g: c n c y : T h e  W e l l n l a n  Co m pa n y 

R E P U B L I C  A V I AT I O N  C O R P O RAT I O N  . . . . . . . . . . . . 204 
" �,p - n q  : de C U r l l I O  I n corporated 

R ES E A R C H  A N A LY S I S  C O R P O R AT I O N  . . . . . . . . . . .  245 
A :.: c n c y : S .  G .  Slackig,  I n c .  

R ES EA R C H  L A B O R AT O R I ES ,  U N I T E D  A I R· 
C R A FT C O R P O RAT I O N  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 263 

A g: c n \ " )  : B .  E .  Burrel l &. Associates 

R I EG E L  P A P E R  C O R P O R AT I O N  . .  1 66 
:\ .;eue y :  \\' .  L. T o w n e  C o m p an y , In c . 

R Y A N  I N D U <;T R I ES ,  I N C  . .  . 248 
A ge n c y : .\I i i ls ,  O ' T o o l e  &. Associates 

S C M  C O R P O RAT I O N  . .  2 1  
:\ g en e }  : B a t i e ! ! ,  B a r t o n ,  O u r s t i n e  &. Osborl l , I l I t: .  

SCOTT,  H .  H . ,  I N C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 96 
Agc!H.; Y : H u rgood Associates,  I l l c .  

S E M I · E L E M E N T S ,  I N C . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  248 
A;.!en e y : Gerst. Sy lvester  & W a l s h ,  I n c .  

S I G M A  D I V I S I O N ,  S I G M A  I N ST R U M E N T S ,  
I N C .  . . . . . . . . . . . . . . . . . . . . . . . . .  207 

A ;,!;C l l C Y : .\l c C :w ll . _\ l arschalk Compan y ,  I n c .  

S I L I C O N ES D I V I S I O N ,  U N I O N  CA R B ! D E  C O R ·  
P O R A 1 1 0 N  1 99 

A g e n C }  : J .  J\I . .\ I al h e s  I ncorporat ell 

S P A C E  T E C H N O L O G Y  L A B O RAT O R I E S ,  I N C  . .  253 
_'\'gcnc y : F l l l l f' J"  &. S m i t h  &. Ross I n c .  

S P ECTRA · P H Y S I C S  I N C . .  1 26 
Agetl l ' ) : H a l  L.l\\ reIlCt', I n c orpo rat e d 

STOC K E R  & YA I. E  I N C O R P O RA T E D . . .  86 
A gCtw� : T r i a n ).df' -\ Li \'crt i !;' i n g:  

S T O K E S ,  F .  J . ,  C O R P O RAT I O N ,  VAC U U M  
EQ U I P M E N T  D I V I S I O N  83 

A�!e ! 1 C}  : T h e  A i t l� i l l . K y n e l l  C o  . .  I n c . 

S U P ERSCO P E ,  I N C  . . . . . .  
,lr.gc ll e y : Weverka & Associntes I n c .  

SYLVA N I A  E L ECTRO N IC SYST E M S ,  S U BS I D I ·  
A R Y  O F  G E N E R A L  T E L EP H O N E  & E L EC-

1 7 3  

T R O N I C S  C O R P O RATI O N . .  . . . .  258 
.-\ geney : Deutsch & Shea,  I n c .  

S Y S T E M  D EV E L O P M E N T  C O R P O R AT I O N  . . . . . . 2 7 3  
."-ge n c )' : F u l l e r  & S m i t h  & R o s s  I n c .  

TRW C O M P U T E R  D I V I S I O N ,  T H O M P S O N  
R A M O  W O O L D R I D G E  I N C . . .  . . . . . . . . .  2 3 3  

Agenc y : F u l l e r  & S m i t h  & R o s s  I n c .  

TECH N I C A L  M EA S U R E M E N T  C O R P O RAT I O N  2 1 3  
Agenc y :  C u l v e r  Advertising,  I n c .  

T E K T R O N I X ,  I N C . . . . . .  1 82 
A g e n c y : Hugh Dwight A dvertising.  I n c .  

T E N N ES S E E  D I V I S I O N  F O R  I N D U ST R I A L  D E -
V E L O P M  E N T  . . . . . . . . . . 220 

Agenc y : Coggin Advertising Agency 

TEXAS I N STR U M E N TS I N C O R P O RA T E D  . .  
Agen c y : Don L. Baxter,  I n c .  

TEX�l� NiT�g�i�6l� NI�g�P�R�g�'
o�NE 

D I V I S I O N  . . . . . . . . . . . . . . . . . . . . . 1 24 
Agency : Horton,  Church & G o lf ,  I n c .  

THOMAS & B ETTS C O . ,  I N C O R P O RAT E D ,  T H E 2 3 7  
A genc y : A r m a n d  H i (' h a r d s  A d v e r t i s i n g  A g e l l c y  

TOLEDO SCA L E ,  D I V I S I O N  OF T O L E D O  
SCA L E  C O R P O RAT I O N . . 20 

Agen c y : Beeson · Heichert  I n c .  

TW E N T I ET H C E N T U R Y  F U N D ,  T H E  . . . . . . . . . . . .  294 
Agenc y :  Denhard & Stewart,  ht c .  

U I. T E K  C O R P O R AT I O N  . .  1 44 
Agen c y : H a l  Lawrence,  I n corporated 

U N D E R W O O D  C O R P O R AT I O N  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 241 
Agenc y : Geyer-J\!orey·Bal lard · ] n c .  

U N I O N  CA R B I D E  C O R P O R AT I O N  . .  1 85 
Agenc y : J. 1\1 . ?"Ial hes IncorporateJ 

U N I O N  C A R B I D E  C O R P O RAT I O N ,  S I L I C O N ES 
D I V I S I O N . . 1 99 

A�cn c y : J .  1\1 . ?ll al h es I n c orporated 

U N I T E D  N A T I O N S ,  S A L E S  SECT I O N  . . . . . . . . . . . . . . . . . 297 

U. S .  N A'fA L  L A B O R A TO R I ES IN CA L I FO R N I A  272 
Agcn c y : Blt x t o h  _'dverlisil tg A gency 

U N I T R O N  I N S T R U M E N T  C O M PA N Y ,  T E L E· 
S C O P E  S A L E S  D I V . . . . . .  268 

;\gen e y : impacl Advertis ing,  I n c .  

U N I V E R S I TY O F  CA L I F O R N I A  P R ES S  . . . . . . . . . . . . . . .  290 

U N I V E R S I TY OF C H I C A G O  P R ES S  . . . . . . . . . . . . 2 9 2 , 293 
'\' ge n c y : Fran k l i n  Spier,  I n c .  

V A N  N O S T RA N D ,  D . ,  C O M PA N Y ,  I N C . . 
·\ �C !1l- Y : B .  W. Weslcrvelt  & Cumpany 

. 293 

V A R I A N  A S S O C I A T E S ,  I N S T R U M E N T  D I V I ·  
S I O N  

A g e n c y : H oefer,  D i c t e r i c h  & Brow n ,  I n c .  

VA R I A N  A S S O C I A T E S ,  T U B E  D I V I S I O N  . . . . . . 246, 247 
\ ;,;- (' n c y : H oe f e r ,  D ie l cri e h & Brown , I n c .  

VA R I A N  A S S O C I A T E S ,  VAC U U M  P R O D U CTS 
D I V I S I O N  1 54 

.A gell c y : I-loder, D i eter i c h & Brown,  I n c .  

V I K I N G  P R ES S ,  T H E . . .  . . . . . . . . . . . . . . . . . . . . . . .  2 9 8  
..... gcll c y : Mog u l W i l l i ams & Sa y l or , I n c .  

V I T R O  C O R P O RAT I O N  O F  A M E R i C A . . . . .  . . . . . .  1 95 
Agen c y : B u c h e n  A d ve r t i s i n g ,  I ll c .  

W E ST E R N  E L EC T R I C  C O M P A N Y  . . . . . . . . . . . . . . . . . . . . . . . . 2 5 5  
\ ;':I' lI e y : C un n in gham & \V a l s h  I n c .  

W E ST E R N  G E A R  C O R P O RA T I O N . .  . . . 203 
A geIH' Y : ) l a c J\I a n u s ,  J o h n  & A d a llts , I n t; .  

W E ST I N G H O U S E  EI .ECT R I C  C O R P O R AT I O N  
1 56 ,  � :)7 

A ,.;;e:H· Y : K e t c hum , J\ I a e L e o d  �� G r ov e , T n c .  

W E ST I N G H O U S E  E L ECT R I C  C O R P O RAT I O N ,  
B A LT I M O R E  D E F E N S E  C E N T E R . . . . .  1 0 1  

A�Cl l i - Y :  Kcklw l11, j\JacLeod & Grove,  I n c .  

W I L 8 U R  & W I L L I A M S  C O . ,  I N C . ,  T H E . . . . . . . . . . 261  
'\' gen e y : Pot l cr Hazleh u rs t  I t t c o r p o r a l e d  

W I L D H E E R B R U G G  I N S T R U M E N T S ,  I N C . . 1 4  
'\' ;': C II C y : D u n c a n ·Brooks,  I n c .  

W I L E Y ,  J O H N ,  & S O N S ,  I N C . .  . . . . . . . . . . . . . . . . . . .  300 
'\' gCll C Y : Needham & Groh m a n n ,  I n e .  

X E R O X  C O R P O RAT I O N . . . . . . . .  .42 , 4 3 ,  275 
'\' g-C Il C Y : H u t c h i n s  A d vert i sing C O l l l p a ll ) .  I n i · . 

YA L E  U N I V E R S I T Y  P R ES S  . . . . .  . . .  288 
A ;..\c l u · )  : E n g l i s h  and C Oll lp a n y 

3 0 5  

© 1963 SCIENTIFIC AMERICAN, INC



TERRAIN AVOIDANCE BIBLIOGRAPHY 

U. S. Air Foree 

• • . THE PROBLEM WAS 
EASIER THEN! 

Today terrain avoidance has been complicated by higher air 

speeds, ground search radars and more deadly defensive 
weapons. Thus the critical need for research on the terrain avoid

ance problem. 

Evidence of Cornell Aeronautical Laboratory's leadership in 

researching the problem is given by the'recent receipt of its 15th 

contract in this field. Since the first contract was awarded to 
CAL a decade ago, the Laboratory has performed such research 

for the Air Force, Navy, Army, commercial sponsors, and the 
United Kingdom. 

By making this new knowledge available to scientists and to the 
military services concerned, CAL is actively advancing the state 

of the art. For the illustrated story of CAL's contributions in 
this and other areas of science, ask for the "Report on Research" 
in the coupon across the page. 

CORNELL AERONAUTICAL LABORATORY, INC. 

OF CORNELL UNIVERSITY 
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Readers interested in fU1ther reading on 
the sub;ects covered by articles in this 
issue may find the lists below helpful. 

TECHNOLOGY AND ECONOMIC 
DEVELOPMENT 

ECONOMIC DEVELOPMEKT: PRINCIPLES, 

PROBLEMS, AKD POLICIES. Benjamin 
Higgins. W. W. Norton & Company, 
Inc., 1959. 

THE PROCESS OF ECONOMIC GROWTH. 

"V. "V. Rostow. W. W. Norton & Com
pany, Inc., 1952. 

SCIEKCE AND THE NEW NATIONS: THE 

PROCEEDINGS OF THE INTERNATIONAL 

COKFERENCE ON SCIENCE IN THE 

ADVANCEMENT OF NEW STATES AT 

REHOVOTH, ISRAEL, edited by Ruth 
Gruber. Basic Books, Inc., 1961. 

SOCIOLOGICAL ASPECTS OF ECONOMIC 

GROWTH. Bert F. Hoselitz. The Free 
Press of Glencoe, 1960. 

THE THEORY OF Eco;,;olvIIC GROWTH. 

W. Arthur Lewis. George Allen & 
Unwin Ltd, 1955. 

POPULATION 

F AMIL Y PLANNING, STERILITY AND 

POPULATION GROWTH. Ronald Freed
man, Pascal K. W'helpton and Arthur 
A. Campbell. McGraw-Hill Book Co., 
Inc., 1959. 

POPULATIOK CONTROL. Law and Con
temporary Problems, Vol. 25, No. 3, 

pages 377-629; Summer, 1960. 
POPULATION GROWTH AND ECONOMIC 

DEVELOPMENT IN Low-INCOME COUN

THIES: A CASE STUDY OF INDIA's 

Pl�OSPECTS. Ansley J. Coale and Edgar 
M. Hoover. Princeton University 
Press, 1958. 

THE POPULATION OF JAPAN. Irene B. 
Taeuber. Princeton University Press, 
1958. 

PROSPEHITY AND PARENTHOOD: A STUDY 

OF F AMIL Y PLANNING AMONG THE 

VICTOHIAK MIDDLE CLASSES. J. A. 
Banks. Routledge & Kegan Paul, 
Limited, 1954. 

SOCIAL STRUCTURE AND FERTILITY: AN 
ANALYTIC FRAMEWORK. Kingsley 
Davis and Judith Blake in Economic 
Development and Cultural Change, 
Vol. 4, No. 3, pages 211-235; April, 
1956. 

FOOD 

ATTACK ON STARVATION. Norman "V. 
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Desrosier. Avi Publishing Co. , Inc., 
1961. 

SCIENCE, TECHNOLOGY, AND DEVELOP

MENT, VOLUME III: AGRICULTURE. 
United States Papers Prepared for the 
United Nations Conference on the 
Application of Science and Technol
ogy for the Benefit of the Less De
veloped Areas. U.S. Government 
Printing Office, 1962. 

SCIENCE, TECH1'OLOGY, AND DEVELOP

MENT, VOLUME VI: HEALTH AND 

NUTRITION. United States Papers Pre
pared for the United Nations Confer
ence on the Application of Science 
and Technology for the Benefit of the 
Less Developed Areas. U.S. Govern
ment Printing Office, 1963. 

WATER 

DESIGN OF WATER RESOURCES SYSTEMS. 

Arthur Mass, Maynard Hufschmidt, 
Robert Dorfman and Harold Thomas. 
Harvard University Press, 1962. 

A HISTORY OF LAND USE IN ARID RE

GIO"S: ARID ZONE RESEARCH, XVII, 
edited by L. Dudley Stamp. UNESCO, 
1961. 

MISSION TO THE INDUS. Roger Revelle in 
New Scientist, Vol. 17, No. 326, pages 
340-342; February, 1963. 

POSSIBILITIES OF INCREASING WORLD 

FOOD PRODUCTION: BASIC STUDY No. 
10. Food and Agriculture Organiza
tion of the UN, 1963. 

THE VALUE OF WATER IN ALTERNATIVE 

USES. Nathaniel Wollman. University 
of New Mexico Press, 1962. 

"VATER FACTS FOR THE NATION's Fu
TURE. W. B. Langbein and W. G. 
Hoyt. The Ronald Press Company, 
1959. 

WATER RESOURCES: A REPORT TO THE 

COMMITTEE ON NATURAL RESOURCES. 

PUBLICATION 1000-B. National Acad
emy of Sciences-National Research 
Council, 1962. 

ENERGY 

CIVILIAN NUCLEAR POWER: A REPORT 

TO THE PRESIDENT, 1962. U.S. Atomic 
Energy Commission, 1962. 

ENERGY IN THE AMERICAN ECOKOMY, 

1850-1975: AN ECONOMIC STUDY OF 

ITs HISTORY AKD PROSPECTS. Sam H. 
Schurr and Bruce C. Netschert with 
Vera F. Eliasberg, Joseph Lerner and 
Hans H. Landsberg. Johns Hopkins 
Press, 1960. 

FOSSIL FUELS IN THE FUTURE. Milton F. 
Searl. U.S. Atomic Energy Commis
sion, 1960. 

FUTURE PETROLEUM PRODUCING CAPAC

ITY OF THE UKITED STATES. A. D. 

Zapp in U.S. Geological Survey Bulle- ' 

tin 1142-H. U.S. Government Print
ing Office, 1962. 

SCIENCE, TECHNOLOGY, AND DEVELOP

MENT, VOLUME I: NATURAL RE

SOURCES-EKERGY, WATER AND RIVER 

BASIN DEvELop},mNT. U.S. Papers 
Prepared for the United Nations Con
ference on the Application of Science 
and Technology for the Benefit of 
the Less Developed Areas. U.S. Gov
ernment Printing Office, 1963. 

MINERALS 

BRIDGES A"ID THEIR BUILDERS. David B. 
Steinman and Sara Ruth Watson. 
Dover Publications, Inc., 1941. 

ECOKOMIC MINERAL DEPOSITS. Alan M. 
Bateman. John Wiley & Sons, Inc., 
1942. 

EKERGY FOR MAN: WINDMILLS TO Nu
CLEAR POWER. Hans Thirring. Indiana 
University Press, 1958. 

METALS IN THE SERVICE OF MAN. Arthur 
Street and William Alexander. Pen
guin Books, 1944. 

THE TESTIMONY OF THE SPADE. Geoffrey 
Bibby. Alfred A. Knopf, Inc., 1956. 

EDUCATION 
FOR DEVELOPMENT 

EDUCATION AND PROFESSIONAL EMPLOY

MENT IN THE U.S.S.R. Nicholas De
"Vitt. U.S. Government Printing Of
fice, 1961. 

EDUCATION, MANPOWER AND ECONOMIC 

GROWTH. Frederick H. Harbison and 
Charles A. Myers. McGraw-Hill Book 
Co., Inc., in press. 

INDUSTRIALISM AND INDUSTlUAL MAN: 

THE PROBLEMS OF LABOR AND MAN

AGEMENT IN ECONOMIC GHOWTH. 

Clark Kerr, John T. Dunlop, Frederick 
Harbison and Charles A. Myers. Har
vard University Press, 1960. 

PHOFESSIONAL MANPOWEH AND EDUCA

TION IN COMMUNIST CHINA. Leo A. 
Orleans. National Science Founda
tion. U. S. Government Printing Office, 
1960. 

THE STRUCTURE 
OF DEVELOPMENT 

ANALYSES AND PHOJECTlONS OF ECONOM

IC DEVELOPMENT, NUMBER 6: THE 

IKDUSTRIAL DEVELOPMENT OF PEHU. 

UN Economic Commission for Latin 
America, 1959. 

lKTERIKDUSTHY ECONOMICS. Hollis B. 
Chenery and Paul G. Clark. John 
Wiley & Sons, Inc., 1959. 

STHUCTURAL IKTERDEPENDEKCE AND 

EcoNo�IJC DEVELOPMEKT: PnocEED-

U. S. Air Force 

GOOD 
WORKING 
TERRAIN 

Cornell Aeronautical Laboratory's 
success in researching terrain avoid
ance extends to such areas as com
puter sciences, applied physics, 
electronics, operations research, 
aerodynamics and applied hyper
sonic research, flight research, ap
plied mechanics, vehicle dynamics, 
life sciences, and systems research. 
If your experience qualifies you to 
join this team, send the coupon. It 
will bring an interesting briefing on 
a community of science that offers 
good working terrain. 

W CORNELL AERONAUTICAL 

� LABORATORY, INC. 
of Cornell University 
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Qualified applicants are invited to send resumes to: 
Director of Personnel Division 63-90 

alamos 
OF THE�9,��HT�U��'IF���oratory 

LOS ALAMOS, NEW MEXICO 

308 

INGS OF Al\ Il\TERNATIONAL CONFEH

EKCE ON INPUT-OUTPUT TECHNIQUES, 

GENEVA, SEPTEMBER, 1961. Edited by 
Tibor Barna. St Martins Press, 1963. 

STUDIES IX THE STRUCTURE OF THE 

AMERICAN ECOXOMY: THEORETICAL 

AND ElI[PIRICAL EXPLORATIONS IN IN

PUT-OUTPUT Al\ALYSIS. Wassily Leon
tief and others. Oxford University 
Press, 1953. 

THE DEVELOPMENT 
OF NIGERIA 

ANKUAL ABSTRACT OF STATISTICS. Fed
eration of Nigeria. Federal Office of 
Statistics, 1960 and 1961. 

ECOl\O)'IIC SURVEY OF NIGERIA: 1959. 
National Economic Council of Ni
geria, 1959. 

HANDBOOK OF COMMERCE AND IKDUSTRY 

1:\ NIGERIA. The Federal Ministry of 
Information, 1962. 

NATIO:\AL DEVELOPMENT PLAN: 1962-
68. Federation of Nigeria. The Fed
eral :\Iinistry of Economic Develop
ment,1962. 

NIGERIA: BACKGROUND TO NATIONAL

IS 111. 'lames S. Coleman. University of 
Calif�rnia Press, 1960. 

THE DEVELOPMENT OF INDIA 

E,\ST AKD WEST IN INDIA's DEVELOP
lIIENT. Wilfred Malenbaum. National 
Planning Association, 1959. 

INDIA 1962. Ministry of Information and 
Broadcasting, 1962. 

THE NEW INDL\: PROGRESS THROUGH 

DEMOCRACY. Planning Commission, 
1958. 

PHOGRAMMES OF Il\DUSTIUAL DEVELOP

ME:\T: 1956-1961. Planning Commis
sion, 1958. 

SECO�D FIVE YEAR PLAK. Planning Com
mission, 1956. 

THIRD FIVE YEAH PLA�: A DHAFT OUT
LINE. Planning Commission, 1960. 

THE DEVELOPMENT OF BRAZIL 

THE ECONOMIC DEVELOPMEKT OF 

LATIK AMEIUCA IN THE POSTWAH 

PERIOD. UN Economic Commission 
for Latin America, 1963. 

THE ECOKOMIC GROWTtI OF BRAZIL: A 
SURVEY FROll! COLONIAL TO MODERN 

TIMES. Celso Furtado. Universitv of 
California Press, 1963. 

INTERNATIONAL AID FOH UNDEHDEVEL

OPED COUNTRIES. P. N. Rosenstein
Rodan in The Revieu; of Economics 
and Statistics, Vol. 43, No. 2, pages 
107-138; Mav, 1961. 

Los RECUHSOS NATURALES EN AMEIUCA 

LATIN."., Su CONOCIMIE�TO ATUAL Y 
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.and-Air: Complex data acqui?i· 
ion and reduction; R&D for White 
;ands - Holloman Missile Range 

-�--

Instrument and Electronics: 
Polaris missile cables; test sys
tems; nuclear instrumentation 

� Mattern: Medical x-ray equipment 
recognized for quality by hos
pitals, clinics and radiologists 

Land-Air: Testing 01 Mercury 
Astronaut suit typical of support 
01 Aeromed Lab, Holloman Me 

Instrument and Electronics: 
Collimated beam for calibration 
of n ucleonic detection devices 

Paradyn: Data reduction and 
mathematical services for Pacific 
Missile Range at Point Mugu 

Aircar Engineering Inter
national: World· wide survey 
services for aviation underwriters 

TECHNICAL SERVICES AND PRODUCTS THROUGHOUT THE WORLD 

EUJ.:opean 

29 Mincing Lane 
London, E. C., 3 

. England 

PRINCIPAL REGIONAL HEADQUARTERS 

South AlDerican 

Ave. General Justo 
275. 5°, 503, Bloco 13 
Rio de Janeiro 
Brazil 

Cerrito 836 
11" Piso 
Buenos Aires 
AJ:gentina 

Far East 

No. 4, 2·Chome Otemachi 
Cblyoda·Ku 
Shin Otemachi Building 
Tokyo,Japan 

OFFICES AND REPRESENTATIVES IN � COUNTRIES 

DYNALECTRON CORPORATION 
1 51 0 H STRE E T . N .  W . •  WAS HINGTON 5 , D .  C .  
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Career Opportunities for Scientists, 
Mathematicians, Economists, Engineers 

****** 

PROBLEM 

SOLVERS 
****** 

Problem solvers who can apply their knowledge 

and scientific training to find answers to ques

tions (often unformulated) are welcome in the 

Center for Naval Analyses. 

CNA scientists study and analyze the opera

tional and logistic aspects of warfare, present 

and future, for the U. S. Navy. CNA is com

posed of the Operations Evaluation Group, the 

Institute of Naval Studies, and the Naval War

fare Analysis Group. These component groups 

provide scientific advisory services for the Chief 

of Naval Operations, the Commandant of the 

Marine Corps, and other parts of the Naval 

Establishment. 

Career appointments with CNA are now 

available for Physical Scientists, Opera

tions Analysts, Mathematicians, Econo

mists, and Engineers with advanced 

degrees. Other graduates of exceptional 

caliber are also invited to apply. 

Salaries, benefits, personnel policies, 

and creative environment combine many 

of the best features found in industry 

and academic institutions. Appoint

ments are in Washington, D. C., and 

Cambridge, Mass. 

Write or call for an application or submit your 

resume to: 

Director 
CENTER FOR NAVAL ANALYSES 
Dept. SA 
1710 H Street, N.W., Washington, D. C. 
Area Code 202·298-6770 

CNA 
CENTER FOR NAVAL ANALYSES 

OF THE FRANKLIN INSTITUTE 

OEG • OPERATIONS EVALUATION GROUP 
INS· INSTITUTE OF NAVAL STUDIES 
NAVWAG· NAVAL WARFARE ANALYSIS GROUP 

An equal opportunity employer 

INVESTIGACIOKES NECESAHlAS EX ESTE 

CAMPO. UN Economic Commission 
for Latin America, 1963. 

THE DEVELOPMENT 
OF THE U.S. SOUTH 

DIVIDED WE STAND: THE CRISIS OF A 

FRONTIERLESS DEMOCRACY. Walter 
Prescott Webb. 1937. 

ECONOMIC RESOURCES AKD POLICIES OF 

THE SOUTH. Calvin B. Hoover and 
B. U. Ratchford. The Macmillan Co., 
1951. 

THE EMERGIKG SOUTH. Thomas D. 
Clark. Oxford University Press, 1961. 

POSSIBILITIES OF ECOKOMIC PROGRESS. 

A. J. Youngson. Cambridge University 
Press, 1959. 

RICH LANDS AKD POOR: THE ROAD TO 

WOHLD PHOSPEHlTY. Gunnar Myrdal. 
Harper & Row, Publishers, 1958. 

THE PLANNING 
OF DEVELOPMENT 

CULTUHAL PATTERNS AND TECHKICAL 

CHANGE, edited by Margaret Mead. 
New American Library, 1955. 

ECONOMIC PLANNING IN UNDERDEVEL

OPED AREAS. Edward S. Mason. Ford
ham University Press, 1958. 

THE GHEAT ASCENT. Robert L. Heil
broner. Harper & Row, Publishers, 
1963. 

PHOBLEMS OF CAPITAL FORMATION IN 

UKDERDEVELOPED COUKTHlES. Ragnar 
Nurkse. Oxford University Press, 
1953. 

PROMOTING ECONOMIC DEVELOPMEKT: 

THE UNITED STATES AND SOUTHERN 

ASIA. Edward S. Mason. Claremont 
College, 1955. 

THE STRATEGY OF ECOl\OwIIC DEVELOP

MENT. Albert O. Hirschman. Yale Uni
versity Press, 1960. 

MATHEMATICAL GAMES 

A GHAPHICAL METHOD OF SOLVING 

T AHTAGLIAN MEASUHlKG PUZZLES. 

M. C. K. Tweedie in The Mathemati
cal Gazette, Vol. 23, No. 255, pages 
278-282; July, 1939. 

GRAPHS AND THEIR USES. Oystein Ore. 
Random House, 1963. 

THE AMATEUR SCIENTIST 

READINGS IX THE PHYSICAL SCIENCES, 

edited by Harlow Shapley, Helen 
Wright and Samuel Rapport. Apple
ton-Century-Crofts, Inc., 1948. 

A SOURCE BOOK IN PHYSICS. William 
Francis Magie. McGraw-Hill Book 
Co., Inc., 1935. 
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Engineering Opportunities on LEM at Marquardt 
Marquardt's increasing capability in reaction control 
systems is evidenced by the company's appointment by 
Grumman Aircraft Engineering Corporation to provide 
the critically important reaction control propellant sys
tem and thrust chamber cluster assemblies for the 
National Aeronautics and Space Administration's Apollo 
Lunar Excursion Module. LEM-the first U. S. vehicle 
that will operate exclusively in space-has created a 
number of exceptional career opportunities for engineers. 

Other programs recently awarded to Marquardt include: 
the reaction control engines for the Project Apollo Serv
ice Module; the ullage rocket engines for the Saturn IV 
B; and the reaction control system for Syncom II. 
These expanding programs, coupled with continuing 
company-sponsored research and state-of-the-art con
tracts, are responsible for the new assignments now 
open at Marquardt. A limited number of ground-floor 
opportunities presently exist for experienced engineers 
and scientists who want to join a dynamic company, 
well diversified in reaction control systems, electronics, 
airbreathing propulsion, and aerospace research. 

If you hold an engineering degree, and possess a back
ground in rocket motors and control systems, airbreath

ing propulsion, mechanical controls, propulsion cycle 
analysis, aerodynamic development, test instrumenta
tion, or test operations, you are invited to send your 
resume, in confidence, to Mr. Floyd Hargiss, Manager, 
Professional Personnel, at the address shown below. 

Dedicated to Keeping The United Stotes First in 

Technology 

16557 SATICOY STREET, VAN NUYS, CALIFORNIA 

AN EQUAL OPPORTUNITY EMPLOYER 
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ENGINEERS. SCIENTISTS 

Stands a Whole New Range Technology 

When PAN AM's Guided Missiles Range Division assumed 
range engineering, operation, and planning for the Air Force 
at Cape Canaveral in 1953, it was an achievement to monitor 
the flight of a 500·mile aerodynamic missile. Today tracking 
radars can cover cislunar distances. 

Mow was this revolution in range technology effected? 

To test the growing capabilities of new aerospace vehicles, 
GMRD engineers and scientists originated new concepts in 
high performance instrumentation, incorporating major steps 
forward in radar, CW techniques, IR/optics, data processing, 
data support, communications, timing, frequency control and 
other areas. A major portion of the range instrumentation 
systems performance specifications for new equipment and 
systems was developed by the GMRD staff. 

THIS "REVOLUTION" IN RANGE TECHNOLOGY NEVER ENDS

it's a continuous process, pacing the progress of the nation's 
space and missile programs. 

Right now plans are being readied to meet range test require· 
ments of TITAN III missiles, the Gemini program, Advanced 
Saturn Boosters, Apollo Vehicles -and the Advanced Plan· 

ning Group is projecting range instrumentation needs up to 
15 years ahead. 

The GMRD effort draws on nearly every engineering and 
scientific discipline in the book-from celestial mechanics to 
microwave, from operations analysis to undersea sound
with a major emphasis on systems engineering. 

OPPORTUNITIES OPEN NOW FOR: 

Systems Engineers- EE's, Physicists capable of assuming 
complete project responsibility for new range systems. 

Instrumentation Planning Engineers- EE's, Physicists to be 
responsibile for specific global range instrumentation concepts. 
Advance Planning Engineers- EE's, Physicists to evaluate 
and project the state·of·the·art in all applications of range 
instrumentation. 

Experience in one or more of these areas: Pulse radar, CW 
techniques, telemetry, infrared, data processing, communica· 
tions, closed circuit TV, frequency analysis, command control, 
underwater sound, timing, shipboard instrumentation. 

Why not write us today, describing your interests and qualifi· 
cations in any of the above areas. 
Address Manager, Range Development. Dept. 68J. 

GUIDED MISSILES 
RANGE DIVISION 
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No other bank has so many windows on the world of business 
And no other bank has so many experienced people to man these vantage points. First National 
City maintains complete banks on-the-scene in 33 countries on five continents, as well as a 

network of offices in Greater New York. 6. Capable people, complete facilities, long expe

rience ... these are the "plusses" that add up to total banking, throughout the free world. 

You're invited to take a look through our windows at your world of business. Could �<.o ..... c,'l' 
give you a new viewpoint. FIRST NATIONAL CITY BANK BI 
PA R T N E R S IN P R O  G R E S  S A R 0 U N O T H E  W 0 R L 0 .. � .. vo� ... 
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"Possible? Is anything impossible? 

Read the newspapers. " 

Duke of Wellington 

An open-minded atti tude toward what's 

possible and what's impossible is one 

of the mainstays of our research effort. 

Extreme care is always used wi th that 

word "impossible." Instead, most 

of us (not all) cultivate the blunt 

optimism of the Duke and try to make it 

part and parcel of our work. 

Perhaps it was put best by a friend 

of ours when he descri bed us 

as" optimists, but intelligent optimists." 

We'll settle for that any time. 

Allied Chemical Corp. , 

61 Broadway, New York 6, N. Y. 

�ied 
, (}emical 

Divisions: Barrett · General Chemical 

International • National Aniline 

Nitrogen • Plastics • Semet·Solvay 

Solvay Process ' Union Texas Petroleum 

In Canada: 

Allied Chemical Canada, Ltd., Montreal 
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