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Protect your investment with 
a Smith-Corona. 

You can't believe your child is 
finally off to college. But she is. And you 
can't believe how much the cost of college 
has gone up since you were there. But it 
has. And how! 

Now, more than ever before, it 
makes all kinds of sense to invest in a 
Smith-Corona® electric portable. 

First, because you want her to 
make it. And while a Smith-Corona isn't 
going to make anyone into a genius, it is 
going to make papers look more impres
sive and easier to read. 

It will also make your student 
feel better about her work. 

And it's one more way of show
ing how much confidence you have in her. 
And those things mean a lot. 

On the more practical side, a 
Smith-Corona is a solid investment in the 
future. It is made to last. (Even we're 
amazed by the testimonials we get.) 

And Smith-Corona is the only 
electric portable that is still actually 
manufactured by an American company. 
(No one else makes our machines for us.) 

And they're built with the 
same quality standards that made 
Smith-Corona the household word for 
"typewriter:' 

We really want you to compare 
it with any other portable. First, listen. 
A Smith-Corona sounds solid and profes
sional, because it is. 

Now, type on both machines, and 
compare results. Smith-Corona type is 
smooth, even, precise. 

No other portable offers you our 
unique cartridge ribbon system. 

You can use regular fabric ribbon, 
or the carbon film ribbon, in a variety of 
colors, like the big office machines use to 
produce extra-crisp, sharp type. And 
there's a cartridge correction ribbon, 
which lets you correct mistakes in a snap, 
literally. 

It makes all kinds of sense to 
send a Smith-Corona off to college. 

When you consider what four 
years of college costs, a Smith-Corona is 
one of the least expensive forms of insur
ance you can buy. 

Smith-Corona. It will make her 
words sing. 

Patented 
Correctiun Cartridge 

Smith-Corona 
5 
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How we're trimming 
our power sales 
growth 
rate 

Nothing magic about it. We're 
simply giving high priority to energy 
conservation - researching and 
developing techniques, teaching and 
training, publicizing and promoting, 
teaming up with our consumer-owners 
to reduce energy requirements. Result: 
We lowered our annual rate of increase 
in kilowatt sales from an average of 
10 percent a year for the decade 
1965-75, to 5.8 by 1979. 

Now, calling on the same kind of 
commitment to a goal that enabled 
electric cooperatives to power rural 
America more than 40 years ago, 
we're cutting that rate even further. 
We've budgeted nearly $25-million 
for 1980 conservation activities, and 
plan to devote more than two 
million employee hours to eliminating 
waste and emphasizing efficiency in 
the use of electricity. 

It's no small job. Besides working 
with our long-time consumers, we're 
welcoming about a million new people 
on to our lines every year, and this 
movement back to the land shows 
every sign of continuing. Imagination 
and know-how help, as does our rural 
consumers' natural tendency to be 

careful with a kilowatt - they know 
better than most how precious 
energy is. 

We rely heavily on personal visits, 
conducting and showing our members 
how to conduct energy audits, passing 
along hints, tips, and educational 
material, giving advice and 
assistance in every way we can. 

We're big on weatherization, 
energy-related consumer loan 
programs, and load management 
projects. Many of us have installed 
utility-controlled devices to turn off 
certain high-demand electrical 
equipment, such as irrigation systems 
and water heaters, at specified times. 
In hundreds of other cases voluntary 
controls, where consumers learn to 
use kilowatt-hungry appliances and 
equipment during nonpeak periods, 
are proving effective. 

And we practice what we preach, 
constantly reviewing our day-to-day 
operations with an eye to conserving 
energy. 

We're working at conservation 
because it makes sense. Using 
energy resources wisely has always 
been a good idea - now it's imperative 
to stretch them out, to safeguard 
national well-being, security, and 
economic stability while finding lasting 
solutions to our country's grave energy 
problem. 

You can cou nt on us to keep at it. 
We know conservation works. We've 
got the figures to prove it. 

America's 1000 rural electric systems report: 
Energy conservation works. 

® 

America's Consumer-owned Rural Electric 
Cooperatives and Power Districts 
For more information about the ways we're conserving energy, 
write Dept W, National Rural Electric Cooperative Association, 
1800 Massachusetts Ave. N W. Washington. D C 20036 
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THE COVER 

The seemingly abstract pattern on the cover symbolizes the theme of this issue 
of SCIENTIFIC AMERICAN: the harnessing of human ingenuity to help solve the 
problems of economic development. The pattern is actually a specially proc
essed false-color enlargement of a test segment selected from a satellite image 
of croplands on the northern Great Plains of the U.S. The original image was 
acquired by the Landsat 2 earth-resources satellite from an altitude of some 
570 miles in the month of August; the segment covers a region of rectangular 
strip fields in Wilkin County, Minn. The boundaries of the fields come directly 
from the original Landsat image, which is made up of many of the tiny picture 
elements called pixels; that is what accounts for the jaggedness of the diagonal 
lines in this enlargement. The colors were assigned arbitrarily on the basis of a 
ground inspection of the crops growing in the fields at the time the picture was 
made. The object of the test was to assess the accuracy of computer-assisted 
crop-classification schemes being developel;! to analyze such Landsat images 
directly, without recourse to ground information. The test pattern was made in 
the course of the Large Area Crop Inventory Experiment, a joint project of 
the National Aeronautics and Space Administration, the Department of Agri
culture and the National Oceanic and Atmospheric Administration that was 
designed to explore the feasibility of remote sensing in global crop forecasting. 
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Own a bottle. 

It's worth the 
price to have at least one 

thing in your life that's 
absolutely perfect. 
Tanqueray Gin, a singular 
experience. 

PRONOUNCE IT "TANKER·RAY" DISTILLED & BOTTLED 

IN LONDON, 100% NEUTRAL SPIRITS. 94.6 PROOF. 

IMPORTED BY SOMERSET IMPORTERS LTD .• N.Y. 
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II and the Apple. 
If you could talk to Orville Wright, he'd 

tell you the problems he faced as a turn
of-the-century engineer. You could tell him 
all about the technological solutions 
available to today's engineer and scientist. .. 
particularly a 20th century phenomenon 
that tests assumptions and defines models 
before a project gets off the ground. 
The Apple personal computer. 

Computation, calculation, 
analysis ... the power to 
pilot your projects. 

With a highly-integrated system from 
the extensive Apple personal computer 
family, Orville and brother Wilbur would 
have increased their productivity. Perhaps 
even launched the Kitty Hawk Flyer well 
before 1903. 

An Apple in their hangar would have 
freed them from the time and tedium of 
crunching numbers by hand. 

An Apple in your lab or office will give 
you the problem-solving capabilities you 
demand from a big computer ... without 
the time-consunling problems typical of 
remote processing. 

But the Apple system solution doesn't 
stop there. It keeps on soaring with proven 
performance, power and expandability 

Apples existing software library includes 
a program that plots the shape of an 
airfoil, given its parameters. 

that's unparalleled for analyzing alterna
tive paths of dt;sign and modeling a 
wide variety of physical processes. 

Want more memory? Depending on 
your choice of system, Apple has memory 
expandable to 64K bytes or 128K bytes. 
Prefer wide displays? Choose 40 or 80 
characters. Need to control instruments 
in the lab? Get on the IEEE 488 bus. Over 

100 companies also supply peripherals for 
Apple because Apple is the most popular 
personal computer with the least com
plicated interface. 

Want an efficient system of data storage 
and access? Apple's 51,4" disk drive not 
only offers you increased application 
versatility, but high density (l43K bytes), 
high speed and low cost. You can even add 
up to four or more drives to your 
Apple system. With 
proven reliability, 
no wonder it's the 
most popular drive 
on the market today. 

your own 
programs, the 

Apple also speaks 
in languages other 

than FORTRAN: Pascal, 
BASIC, PILOT and 6502 
assembly language. 

Where to learn 
more about Apple, 

the small .. yet .. 
serious 
solution. 

Let your 
imagination 

soar with 
Apple. 

Wilbur determined that birds didn't have to constantly flap 
their wings to fly. With an Apple, he could've determined the 
fixed-wing design of the Kitty Hawk Flyer much faster. 

Discover the 20th 
century tool versatile 
enough to monitor 
quality controls and 
manufacturing sched
ules, orchestrate 
to�erance tests and 
determine alternative 

FORTRAN that helped 
to design a 10th century 
flying machine. 

Fluent in the same language that helped 
to design the 747, Apple FORTRAN lets you 
tackle differential equations at the touch of 
a key. And since more the 170 companies 
also offer software for the Apple family, 
you can have one of the most impressive 
program libraries ever ... including vast 
subroutine libraries for math, science, 
engineering and statistics. When you write 

parts selection. Learn why Apple emerges 
as the technological leader of reliable 
personal computer products that increase 
your productivity. 

Let the Apple dealer show you how, 
by putting the system of your choice 
through its paces. He'll tell you about our 
extended warranty, support and service. 
And he'll prove that a personal computer 
is not just a flight of fancy but a serious 
solution. Don't let history pass you by. 
Visit your nearest Apple dealer, or call 
800-538-9696. In California, 
800-662-9238. 

tl Dlr.HC!  compumr 
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Consumer 
Orientation 
No.5 in a Series 
of Technical 

Subject: 
Optimization of 
Vehicle 
Aerodynamic Form Porsche924 

Porsche + Audi 
Nothing 
Even Comes 
Close 

Air resists the movement of a vehicle passing through it. Resistance increases with 

the square of the vehicle's speed: twice the speed produces 4 times the resistance. 

The engine power required to overcome this drag increases with the cube of 

the vehicle's speed: twice the speed requires 8 times higher power. Thus, even a small 

reduction in drag can result in a large increase in fuel economy. Dr. Ferdinand 

Porsche was among the first to reduce drag through body design. The Porsche 924 
benefits from 70 years of Porsche aerodynamic development. Its drag coefficient 

is a low 0.36. And it requires only 15 hp to cruise at 55 mph. 
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LETTERS 
Sirs: 

After being in the dark about the 
Three Mile Island accident for a long 
time, I received the first hint of what had 
happened from "The Safety of Fission 
Reactors," by Harold W. Lewis [SCIEN
TIFIC AMERICAN, March). Newspapers 
reported the first of the two points he 
mentions: that there was apparently no 
checklist such as is used on an aircraft 
before a takeoff, and there was no su
pervisor to recheck. That was why the 
block valves of the emergency feedwa
ter pumps were inadvertently left closed. 
Much more important was the failure of 
the relief valve and the absence of signal 
lights to indicate its position; the only 
light merely showed whether or not the 
relay was in position to open or close the 
valve, not whether it had succeeded in 
doing so. 

This defect was particularly serious 
because judging by the drawings in Pro
fessor Lewis' article the valve also had a 
grave defect of design that would have 
precluded its use for water and steam. 
The valve disk (in this case a plug) slides 
in a bore, much as a drawer slides in a 
desk. If the drawer is wider than it is 
long, it has a tendency to cant (to lock 
itself by friction if it is not guided care
fully). The diameter of the Three Mile 
Island valve plug appears to be almost 

Editorial correspondence should be addressed to The 
Editors. SCIENTIFIC AMERICAN. 415 Madison Avenue. 
New York. N.Y. 10017. Manuscripts are submitted at 
the author's risk and will not be returned unless accom
panied by postage. 

Advertising correspondence should be addressed to C. 
John Kirby, Advertising Director, SCIENTIFIC AMERI
CAN, 415 Madison Avenue, New York, N.Y. 10017. 

Offprint correspondence and orders should be ad
dressed to W. H. Freeman and Company, 660 Market 
Street, San Francisco, Calif. 94104. For each offprint 
ordered please enclose 60 cents. 

Subscription correspondence should be addressed to 
Subscription Manager, SCIENTIFIC AMERICAN, 415 
Madison Avenue, New York, N.Y. 10017. For change 
of address, notify us at least four weeks in advance. 
Send both old and new addresses and enclose an ad
dress imprint from a recent issue. (Date of last issue on 
your subscription is shown at upper right-hand corner of 
each month's mailing label.) 

Name 

New Address 

Old Address 

1.3 times its guided length; it had a great 
tendency to cant, particularly because it 
was backed by a helical spring notorious 
for its tendency to exert excentric pres
sure. The valve was probably all right 
for a dairy, since the butter globules in 
the milk would lubricate it; water and 
steam, however, have an antilubricating 
effect that is felt when a wet finger is 
pushed over a piece of glass. In addi
tion the rubbing surfaces were proba
bly somewhat corroded and roughened. 
Professor Lewis writes that the valve 
was to have been exchanged because it 
was leaking; this in itself was probably 
not serious, but it was an ominous sign 
of the plug's sticking and not seating it
self correctly, and of the imminence of 
failure because of canting and jamming. 

In view of this the probabilistic treat
ment of nuclear-plant safety by "event 
tree" and "fault tree" analysis seems 
about as relevant as the calculation of 
the probability of size 7 shoes not hurt
ing feet size 10. Professor Lewis writes 
that "the report of the President's Com
mission on the Three Mile Island acci
dent, headed by John G. Kemeny of 
Dartmouth College, had little to say 
about improving the design or construc
tion of light-water reactors. Instead it 
contained a blistering denunciation of 
everyone connected with the assurance 
of reactor safety" and "asserted that a 
change in 'mind-set,' or mental attitude, 
was essential." The drawings suggest 
that much more essential would have 
been a competent expert engineer, with 
a knowledge of valves and of friction, at 
the critical stages of design and perhaps 
also on the committees dealing with re
actor safety and Three Mile Island. As 
things are, I am reminded of a conversa
tion I had with the late Sir James Chad
wick soon after his return to England 
from Los Alamos and Washington; he 
asked me if I, having studied engineer
ing, could explain why everything went 
well at Los Alamos if it was done by 
physicists, and all the troubles occurred 
where engineering was involved. 

EGONOROWAN 

Belmont, Mass. 

Sirs: 
The "sea of radiation" in which all of 

us live referred to by Professor Lewis 
includes radiation dosages other than 
those he mentioned. Although many 
Americans are exposed to an average of 
150 millirems per year from cosmic, ter
restrial, medical and dental sources, this 
amount does not include the much larg
er dosages that millions are unwittingly 
receiving from such little-known sour
ces as tobacco and porcelain dentures. 

According to the National Council 
of Radiation Protection ("Radiation Ex
posure from Consumer Products and 

Miscellaneous Sources," NCRP Report 
56, 1977), cigarettes expose 50 million 
Americans to annual dose equivalents 
of as much as 8,000 millirems per per
son through accumulations of polonium 
210 at bifurcations of segmented bron
chi in the lungs (assuming a consump
tion of 30 cigarettes per day), and dental 
prostheses containing uranium porce
lains (rather than the newer acrylics) ex
pose 45 million Americans to an annual 
average of as much as 60,000 millirems 
per person. Still other unexpected radi
ation sources are liquid-crystal-display 
wristwatches and pocket-carried calcu-

. lators that were granted Nuclear Regu
latory Commission exemption to con
tain up to 200 microcuries of tritium. 

It is interesting to compare the to
bacco- and denture-radiation exposure 
amounts with the Environmental Pro
tection Agency's suggested maximum 
annual exposure of 170 millirems per 
person from all manmade radiation 
sources other than medical and dental 
ones. Although cigarette smokers may 
not be deterred by the knowledge that 
they may be exposing themselves to 47 
times the EPA's suggested radiation 
maximum, the presence of polonium 
210 in tobacco is still another reason for 
having nonsmoking sections in areas of 
public assembly. 

JULIAN KANE 

GEORGE Cox 

Garden City Senior High School 
Garden City, N.Y. 

Sirs: 
I think Professor Lewis has done an 

excellent job of providing a balanced 
perspective on the subject. There is, 
however, one important aspect of the 
situation that I believe needs to be fur
ther explained to the public and its rep
resentatives in government. I refer to the 
fact that the vast majority of the puta
tive victims of a putative uncontained 
nuclear meltdown will have received ex
cess radiological exposures no severer 
than those many members of the public 
are already receiving from the excess ac
cumulation of highly radioactive radon 
decay products that is being measured in 
many energy-efficient homes. (The ra
don is released by the decay of the trace 
amounts of radium in building materials 
and in the ground. Its concentration in 
energy-efficient homes is increased be
cause the heated or cooled air in such 
homes is recycled instead of being ex
pelled and replaced by fresh air.) 

It is clear from the scientific literature 
on the public perception of risks that 
the specter of large catastrophic acci
dents looms large in the public mind. 
The American Physical Society study 
of 1975 reinforced this public percep-

11 
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Let's face it: 
the cartridge 
is the least 
talked about 
part of hi fi ... 

but the 
most crucial! 
The hi-fi phono cartridge functions as 
the source of sound (the point at which 
the recording is linked with the balance 
of the hi-Ii systemj-therefore, its role 
in high fidelity is absolutely critical. 
Just as the camera can be no better 
than its lens, not even the linest hi-Ii 
system in the world can transcend 
the limitations of an inferior cartridge. 
The cartridge represents a relatively 
modest investment which can audibly 
upgrade the sound 01 your entire 
record playback system. 

Get all the facts on the vital role 01 the 
phono cartridge. Fill out the coupon 
below and send in lor our FREE folder 
-written in plain English-that tells you 
everything you need to know to select 
the cartridge that's best lor your sys
tem, your ears and your budget. 

Shure Brothers Inc., 222 Hartrey Ave., 
Dept SA Evanston, IL 60204. 

In Canada: A. C. Simmonds & Sons Limited. 

Please send me your FREE folder: A Short Course 
in High Fidelity Phono Cartridges 

Name 

Address 

City State Zip 
....... ------------.... " " 
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tion of uncontained nuclear meltdowns 
as unprecedented catastrophes by add
ing more than 10,000 casualties to the 
estimate made in the draft "Rasmussen 
report" (the Nuclear Regulatory Com
mission's study W ASH-1400). The esti
mate was that the hypothetical refer
ence accident would cause between a 
few hundred early fatalities and none. 
The figure of more than 10,000 addi
tional casualties was arrived at by in
cluding putative victims with an average 
excess lifetime cancer risk of .1 percent 
(on the basis of the linear hypothesis 
of low-level-radiation risk). Although 
Wolfgang Panofsky of the American 
Physical Society study took pains to 
emphasize that these additional casual
ties were "in a different context" from 
the early fatalities estimated in W ASH-
1400, I doubt that the public has real
ized, either then or now, that the .1 per
cent risk to the average exposed indi
vidual would be equivalent to the risk 
from living in certain energy-efficient 
homes for less than a year. According to 
EP A linear-hypothesis estimates (pub
lished in the Federal Register for April 
22, 1980), this increment in risk could 
result from lifetime residence in homes 
with only a modest reduction in air ex
change. 

There is at present considerable inter
est in the subject of indoor air pollution, 
but so far no systematic attempt has 
been made to alert the public to the pos
sible need for mitigative action. Perhaps 
this relatively relaxed approach is justi
fied by the fact that the number of peo
ple now living in energy-efficient homes 
is small. On the other hand, it is not un
reasonable to expect as a result of the 
government-encouraged trend toward 
energy-efficient homes that within a few 
years millions of people will have in
curred an added .1 percent risk from ra
don decay products. 

I do not wish to imply by this line 
of reasoning that the absence of urgent 
action with respect to the home-radon 
problem justifies failure to take all rea
sonable steps to further reduce the prob
ability of an uncontained nuclear-reac
tor meltdown. I nonetheless think there 
should be some limitation to the degree 
to which society insists on going into a 
regime of diminishing returns to avoid 
one hazard that is no more severe than 
similar hazards that remain largely un
controlled. This is particularly the case 
when some of the measures adopted in 
regard to the former hazard introduce 
dangers of their own. 

HENRY HURWITZ, JR. 

Schenectady, N.Y. 

Sirs: 
The letters elicited by my article span 

the usual range from outrage to praise. 

There were a few recurrent themes that 
deserve comment. 

A number of readers took me to task 
for having declared that reactors are 
"safe," even though I tried hard to make 
the point that such declarations are 
meaningless. In view of the fact that 
nothing is totally safe, how safe is "safe"? 
It is unfortunately a fact of the great 
nuclear debate that the juices it maketh 
to flow often block the reception of in
formation. This has been true on both 
sides. 

A number of engineers expressed var
ious forms of astonishment and dismay 
that critical parameters of a reactor 
such as valve positions and water levels 
are often not directly known to the con
trol-room operator. The point is a valid 
one, except that one does not want to put 
everything on the control panel, and the 
selection of which parameters to display 
is one of the things that has to be done 
through rational risk assessment. All too 
often the layout of a control panel is 
determined more by the requirements of 
normal operation than by those of an 
operator in upset conditions, and if there 
is one lesson that comes through loud 
and clear from the Three Mile Island 
experience, it is that in the course of an 
accident operators will intervene. Un
fortunately we may be moving in the 
direction of providing exactly those in
dicators that were called for during the 
Three Mile Island accident and not 
those that will be required for the next 
accident. 

Another class of letters dealt with 
the effects of low levels of radiation. 
Messrs. Kane and Cox refer to irradi
ation through cigarette smoking; Dr. 
Hurwitz describes some recent work on 
radon concentration in energy-efficient 
homes. The latter is a particularly sen
sitive point for antinuclear proponents 
of energy conservation, because calcu
lations of cancer mortality in energy
efficient homes, using exactly the same 
methods we use to make equivalent cal
culations for reactors, lead to estimates 
of many thousands of cancer deaths per 
year a� a consequence of mass conver
sion to domestic energy efficiency. Our 
mothers were right when they told us 
that fresh air was good for us. Interest
ingly enough, the trend in the communi� 
ty of radiobiology experts (as will be 
borne out if the National Academy of 
Sciences ever releases its new report on 
the subject) is to reduce the realistic esti
mates of the effects of radiation for the 
kinds of radiation that are associated 
with nuclear reactors but not for the 
kinds that are responsible for the expo
sures from cigarettes and in homes. 

HAROLD W. LEWIS 

Department of Physics 
University of California 
Santa Barbara, Calif. 
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Wanted: New products 
and te chnologies to buy or license 
in health-care field. 

Are you an inventor in search of royalties? Or, 
does your company own a technology that 
you'd like to sell, license or otherwise make 
money on? 

In either case, you should know about this 
worldwide search for innovations, sponsored 
by major health-care and toiletries companies 
in the U.S., Europe and Japan, and conducted 
on their behalf by Product Resources Interna
tional, Inc. 

No Charge To You 

These companies want to acquire new prod
ucts and technologies to market in the next two 
or three years. They also are seeking ways to 
improve their existing products and extend 
existing product lines. That is why they are 
funding this search, paying its costs entirely
which means that participation is completely 
cost-free to the invention owner. Wanted are: 

Health-care: 
o Prescription drugs 
o Non-prescription drugs 
o Topical applications 
o Diagnostics 
o Medical devices 
o Patient-care disposables 

Toiletries: 
o Personal grooming aids 
o Antiperspirants, deodorants 
o Hair-care products 
o Skin-care products 
o Oral hygiene products 
o Intimate-hygiene products 

Wite to: 

What Inventors Say 
Typical of the inventors who have already ben
efited without cost is Edwin B. Michaels, 
inventor of a unique bacteriocide. Says 
Michaels, "I'm very happy with my PRI associ
ation. Before they came along, I had to make all 
my own licensing contacts. Now PRI opens up 
manifold opportunities for me, without taking 
me away from the laboratory. The companies 
that contact me are really interested. I guess 
you could call  me a s a t isfi e d  customer, 
because, through PRI, I've already signed a 

European deal:' 
Also typical is the experience of Lloyd Osi

pow, technical director of an independent 
New York development laboratory. "We used 
to talk to research directors at companies, who 
were excited, but nothing happened. Thanks 
to PRI, we're now making licensing contacts 
with top management. Within a month of a 
recent PRI introduction, we had a financial 
deal worked out." 

How To Benefit 
For complete details about how to submit your 
own invention for PRI's next New Product/ 
Technology Source Book report, plus a full 
statement of PRI's credentials, simply send 
your name and address to the address below. 
Send nothing confidential! Wait and read PRI's 
procedure before making disclosures-except, 
of course, for issued patents. 

Write us now-or ask your patent attor
ney to contact us. 

�I Product Resources International, Inc. 
Attention: Source Book Search #980 
90 Park Avenue, New York, N. Y. 10016 
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50 AND 100 
YEARS AGO 

SCIENTIFIC 
AMERICAN 

SEPTEMBER, 1930: "Sinanthropus 
turns out to be the most impressive and 
significant discovery in the entire history 
of human paleontology. The revelation 
of the nature of the brain case of Ear
ly Pleistocene man displayed in photo
graphs affords ample corroboration of 
the claim that the discovery provides a 
new basis for the study of human evo
lution. The photographs were made in 
Peking immediately after Professor Da
vidson Black had successfully accom
plished his long and exacting task of 
clearing away the hard matrix of traver
tine in which the base and left side of the 
skull were embedded when it was found 
on December 2 by Mr. W. C. Pei. They 
reveal the individuality of the new ge
nus. Although the skull has the promi
nent eyebrow ridges of Pithecanthropus, 
the brain case is much fuller than the 
Java skull. Father Teilhard de Chardin 
and Dr. C. C. Young have given a pre
liminary report on the fossiliferous de
posits at Chou Kou Tien, which estab
lishes the fact that all the remains are 
later than the Pliocene and earlier than 
the Loess-in other words, they are 
Lower Pleistocene." 

"On the Housatonic River near New 
Milford, Conn., the Rocky River hydro
electric plant of the Connecticut Light 
and Power Company pumps a river up
hill in order to store a sufficient head of 
water to run its own generators. It is the 
first plant in America to pump water for 
power generation. In general the pump
ing is done when there is a surplus of 
power at other hydro-electric plants in 
the system. This water supply is used 
for generation when there is a peak 
load on the system." 

"The big news of the recent meeting 
of the American Chemical Society in 
Atlanta was the announcement of a new 
refrigerant, non-inflammable and non
toxic, by Thomas Midgley, Jr. He is the 
chemist who discovered the anti-knock 
properties of tetra-ethyl lead. Now he 
has perfected a refrigerating medium 
that can be used in household electric 
refrigerators without the remotest risk 
of danger from leaky coils. His discov
ery of the suitability of dichlorodifluo
romethane gives promise of the early 
use of refrigeration for air cooling in 
homes and theaters and other public 
gathering places where refrigerating en
gineers have hesitated to risk accidents 

with refrigerants that are poisonous or 
explosive." 

"The blame for unemployment has 
often been placed on machinery, and in 
times past labor has fought the introduc
tion of machines into industries where 
hand work has been the rule. Even now 
there are pessimists who deprecate the 
increasing use of machinery and lugu
briously assert that it is a Frankenstein 
monster. Their memory is short. Thirty 
years ago 200 unskilled workers were 
required to do the work now done by 
one steam shovel. In the glass ind ustry 
one machine takes the place of 600 

. skilled glassblowers of a few years ago. 
From these figures it would seem the 
pessimists' assumptions are correct. 
They are not. The number of wage
earners increased 3 per cent during the 
eight years between 1919 and 1927, but 
our production increased 50 per cent! 
Working hours have been cut down, 
first from a 12-hour day to a 10-hour 
day, then down to an eight-hour day. 
The working man's week was cut down 
from six to five and a half days, and it 
is now proposed to cut it to five. Better 
pay and more leisure in which to enjoy 
the fruits of his work-these are the divi
dends of machinery to the American 
wage-earner." 

SEPTEMBER, 1880: "During June 
alone 72,567 immigrants arrived at the 
10 principal United States ports, and 
during the year ending with June, 1880, 
the total number was 263,726. Immigra
tion is therefore two and a half times 
greater this year than last. A very inter
esting feature of the available facts in 
regard to the immigration this year is the 
internal distribution of those who come 
and the states or territories where they 
finally settle. For the six months ending 
with June it is estimated that 116,000 
immigrants passed through Chicago, 
the Chicago and Northwestern Railroad 
and the Milwaukee and St. Paul Road 
taking 31,500 to destinations northwest
ward, chiefly to Minnesota and Dakota. 
The Rockland and Alton Road took 
35,000 to Iowa and beyond, and the 
Burlington Road 17,000 in the same di
rection, with the small number of 8,000 
going southward along the line of the 
Illinois Central. The same authority es
timates the receipt by states as follows: 
Kansas, 15,000; the Pacific states, 15,-
000; Iowa, 14,000; Minnesota and Colo
rado, each 12,000; Wisconsin, Nebras
ka and Dakota, each 11,000; Michigan, 
3,000. The real movement is westward 
from Chicago." 

"The boilers of the Russian mail 
steamer Cesarewitch are heated by petro
leum refuse instead of coal, a system 
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By ge 30. you should know the best way 
to finance your retirement. 
-...= . 

· b.. 

: It (II " '11 The years come and go. And investment 
fads with them. But New York Life's 
convertible term insurance remains an ideal 

. way for young people to start a long-range 
financial security program. 

Because it is term insurance, it gives 
your family maximum protection now for a 

given outlay. 
Yet, as your income grows, you can 

convert it to whole life insurance that 
builds cash value- cash value that can 
guarantee a lifetime income later, when you 

retire. 
Talk to your New York Life Agent 

before you blow out another candle. 
And your chance for a more 
comfortable retirement . 

New York Life .• 
For all of your life. IDiI 

tl 
t 

New York Life Insurance Company, 51 Madison Ave., New York, N.Y 10010. In Canada: 12 40-444 St. Mary Avenue. Winnipeg, Manitoba R3C31L Life. Croup and Health Insurance, Annuities, Pension Plan •. 
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Plenco produces diversified thermoset 
resins and molding materials with 
a wide range of properties. 

Phenolic, melamine-phenolic, alkyd 
and polyester compounds of different 
formulations in each of these generic 
classes meet a world of varied and 
demanding requirements: 

Heat, impact and corrosion resistance. 
Flame retardancy. 

Track resistance and x-ray shielding. 
Electrical resistance. Wet-dry 
conditions. Close tolerances and 
dimensional stability. 

16 

This broad selection permits designer 
and manufacturer to optimize the 
best approach to problem and cost. 

More than likely Plenco can provide 
a thermoset suitable for your 
particular application as well as 
molding method - transfer, 
compression or screw injection. 
Just call us. (414) 458-2121. 

PLENCO 
THERMOSET PLASTICS 

PLASTICS ENGINEERING COMPANY 
Sheboygan. VVI 53081 

that effects an enormous saving of ex
pense and labor, the heating apparatus 
being as thoroughly under control as a 
gas jet and requiring but one man to 
manipulate it. It consists of two tubes 
about an inch in diameter, terminating 
at the same point in a small oblong brass 
box. Through one of these tubes the 
black residual naphtha (astatki) drips 
slowly, being blown into spray by a jet 
of steam from the boiler, conveyed to 
the second tube. This spray, when ignit
ed, forms a great sheet of flame that is 
projected into the hollow of the boiler. 
The system has the immense advantage 
of requiring no stoking, as no ashes 
are produced, and by turning down the 
flame to the required degree the steam 
can always be kept up to the pressure 
required for immediate starting without 
the tedious and more or less wasteful 
process of 'banking' the fires." 

"When the excitement in this country 
and Europe that attended the laying of 
the first Atlantic cable and the doubt, 
delays and misfortunes of that great en
terprise are contrasted with similar op
erations at the present time, we are en
abled to realize the progress that has 
been made in telegraphy within less 
than a quarter of a century. The Anglo
American Telegraph Company has just 
completed the work of laying a new ca
ble from Valentia to Heart's Content, 
and so much a matter of course has such 
work become that it attracts scarcely 
any public attention. These slender 
cords buried in the depths of the sea now 
connect every country of the earth, and 
the history of the preceding day at the 
Antipodes appears in the morning pa
pers as regularly as the incidents occur
ring in the immediate vicinity of their 
publication. The electric telegraph has 
bound together the most widely separat
ed sections of the earth and has revolu
tionized the business and social systems 
of the world." 

"Biological chemistry is yet in its in
fancy and has few to tenderly care for it. 
Most chemists prefer to take on easier 
subjects, but interest in it is increasing. 
In fermentation, putrefaction, vitrifica
tion and zymotic diseases life may inter
vene, but how much we do not yet know. 
There is much in the training of the 
chemist to foster a wholesome skepti
cism and just intolerance, intolerance of 
human pride and skepticism of airy the
ories. The chemist soon learns that ex
act truthfulness in others and rigid hon
esty in himself lie at the very foundation 
of science and real knowledge, and he 
looks on laxity in experiment or state
ment as the unpardonable sin. No other 
subject is so well calculated to impress 
one with the idea that theories are but 
the changeable dress of science. We all 
wonder what will become of the atomic 
theory itself when its centennial comes 
around 27 years hence." 
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The best sources. 
Choose any one of these invalu
able works as your introduction 
to membership in the Book-of
the-Month Club. You simply 
agree to buy 4 books within the 
next two years. 

The Club is the source for the best 
of the best sellers. Every Club book 
is of bookstore quality-or 
better. You don't settle for the al
tered or inferior editions that some 
book clubs offer. And when you 

remain a member after the short 

trial period, each book you buy 
earns Book-Dividend@ credits, which 
entitle you to discounts of at least 
70% on significant current books. 
A wealth of sources awaits you in 
America's Bookstore. 

The Compact Edition of the 

OXFORD ENGLISH 
DICTIONARY 
for $1995 Publisher's list price: $125 

The world's "most complete and most scholarly 
dictionary of the English language" - The 
Cim'sliall Scie>lce Monilor. Through a special 
photo-reduction process. every word of the orig
inal 13-volume set has been reproduced in this 
2-volume Compaci Edilion. A Bausch & Lomb 
magnifying glass is included. 

Facts About Membership 
You receive the Book-o/-the-Month Club 
News" 15 times a year (about every 3Y2 
weeks). Each issue reviews aMain Se
lection plus scores of Alternates. If yotr 
want the Main Selection do nothing. It 
will be shipped to you automatically. If 
you want one or more Alternate books 
- or no book at all- indicate your deci
sion on the reply form always enclosed 
and return it by the date specified_ Re
turn Privilege: If the News is delayed 
and you receive the Main Selection 
without having had 10 days to notify us, 
you may return it for credit at our ex
pense. Cancellations: Membership may 
be discontinued, by either you or the 
Club, at any time after you have pur
chased 4 additional books. 

All eleven volumes of 

THE STORY OF CIVILI ZATION 
by Will and Ariel Durant for $2495 Publisher's list price: $24110 
This multi-volume history of all mankind-ancient and modem. Occidental and Oriental
traces the development of man's economic and political organizations, science and art. It is 
one of the great literary achievements of this century and deserves a place in every library. 

The Complete 

BEETIIOVEN 
NINE S YMPHO NIES 

The complete boxed set plus an $10 illustrated sixteen-page booklet for 
Ust price: $6282 
Sir Georg Solti conducts the Chicago Sym· 
phony in this nine-record set. hailed by the San 
Francisco Sunday Examiner & Chronicle as 
"one of the two or three great recording ven
tures of the century." Time cal!ed it "a glorious 
musical combustion " and Stereo Review 
declared. "This Beethoven set ranks first 
among those of recent date," 

THE ENCYCLOPEDIA 
OF P HILOSOPHY 
The complete four-volume set for $1995 
Publisher's list price: $125 
Regarded as the most comprehensive encyclo
pedia of philosophy ever published. this superb 
set-compiled in collaboration with the world's 
foremost philosophers-encompasses all aspects 
of ancient. medieval. modern, Eastern and 
Western thought. The four volumes represent 
an essential aid for students and a rewarding 
reference source for home libraries. 

Prices shown are publishers' U.S. prices. Outside the U.S., prices are generally somewhat higher_ 

r-------------------------------, 
Book-of-the-Month Club, Inc� Camp Hill, Pennsylv ania 17012 A170-9 

Please enroll me as a member of Book-of-the-Month Club and send me the work I 
have checked below, billing me for the appropriate amount, plus shipping and 
handling charges. I agree to buy 4 books during the next two years. A shipping and 
handling charge is added to each shipment. 

CHECK ONE BOX ONLY Mr. 

912 Compact Address 
OED $1995 
913 The Story 
of CIV $24 95 CIl Y 

917 Ency of 

0-61 
(Please print plftinly) 

... .Apt.. 
�
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Philos $1995 State .................................................... Zip .............. . 

BOO�OF-TIlE-MO N1H CLUB" 
AMERICA'S BOOKSTORE" 

L _______________________________ � 
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INTRODUCING 
AWATER 
RESISTANT 
MULTI ALARM 
CHRONOGRAPH 

Shown 
Actual 
Size 

'Olympia V S29.95 
Compare PrIces But Buy Quality 

If you shopped around you could find other alarm 
chronographs at this price, but they wouldn't have the 
quality & durability of the Olympia V. And quality 
makes the difference, such as water resistancy, 3 year 
lithium battery life, and scratch resistant mineral glass 
lens. These features combine to make a watch ,so 
convenient you can put n on and simply forget it. 

Two Separate Alanna to Remind or Awaken You 
Set one alann to sound precisely the minute you 
choose, and the second as a gentle hourly chime. 

Sophisticated Stopwatch for Work or Play 
Unlike others that Ii

"
me only to 1110 sec., the Olympia 

V quartz crystal allows for accuracy to 1/100th of a 
sec., and records spliVlap times, time-outs, and 
1st-2nd place finishes. 

The Olympia V can also show 12 or 24 hour time. 

Buy with Confidence 
We've become a leading media merchandiser by offering 
advanced technology products, prompt delivery, and a 
30-day, no-risk, money-back guarantee. If this product 
isn't everything you expect, return n in new condition in 
30 days or less for a complete refund. 

Order Today 
Charge customers call toll free 24 hours a day. Order 
product #400. Included is mfg.'s 1 yr. warranty. 

(800) 854-3831 ::O�I:::;:S1 

DWS marketing 
international 

35o-A Fischer Avenue Dept. 008. 
Costa Mesa, California 92626 (714) 540-4444 
Call our toll-free number for qUickest service or send your check. 
money order. or credll card 1010. Please allow lime for checks 10 
clear. We accepl VISA. MC .. A.E .. D.C. charge cards. Add 52 50 
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00 for each 

"DEALER INQUIRIES INVITED" 
© DWS marketing inlernational1980 
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THE AUTHORS 
K. K. S. DADZIE ("Economic De

velopment") has been Director Gener
al for Development and International 
Economic Cooperation for the United 
Nations since 1978. Born in Ghana, he 
studied in its university system and then 
received an honors degree in economics 
at the University of Cambridge. He has 
since held several diplomatic positions 
in the Ghanaian government, including 
Permanent Representative to the UN in 
Geneva. Dadzie's career at the UN in
cludes serving as Director for External 
Relations and Inter-Agency Affairs, as 
president of the Trade and Develop
ment Board and as chairman of the 
Ad Hoc Committee on the Restructur
ing of the Economic and Social Sectors 
of the United Nations System, a posi
tion he held until shortly before he took 
up his present one. 

HALFDAN MAHLER ("People") is 
in his second term as Director General 
of the World Health Organization, an 
institution in which he has been active 
since 1951. A native of Denmark, he ob
tained his medical degree at the Univer
sity of Copenhagen in 1948. He began 
his WHO career as Senior Officer in 
the National Tuberculosis Program of 
India. Mahler has since occupied the 
WHO positions of chief of the Tubercu
losis Unit, director of Project Systems 
Analysis and Assistant Director Gener
al for the divisions of Family Health 
and of Strengthening of Health Services; 
he became Director General in 1973. 

NEV I N  S. SCRIMSHAW and 
LANCE TAYLOR ("Food") are pro
fessors in the International Nutrition 
Planning Program at the Massachusetts 
Institute of Technology. Scrimshaw's 
early professional training was in anat
omy and gynecology. including post
graduate degrees in biology and physi
ology from Harvard University and an 
M.D. from the University of Rochester 
School of Medicine and Dentistry. His 
1948 field research on nutrition and 
pregnancy in Panama led him to the In
stitute of Nutrition of Central America 
and Panama, where he became director 
in 1949. In 1961 he joined M.l.T. as 
head of the Department of Nutrition 
and Food Science, a position he retained 
until 1979. Currently Institute Profes
sor at M.l.T., he directs the university's 
interdepartmental and interdisciplinary 
Food and Nutrition Policy Program and 
guides the formation of the World Hun
ger Program at the new United Nations 
University in Tokyo. In this capacity 
and as president of the International 
Union of Nutritional Sciences, Scrim
shaw travels widely in developing coun
tries. Taylor, who holds a joint appoint
ment in the economics and nutrition de-

partments at M. I.T., was graduated in 
mathematics from the California Insti
tute of Technology in 1962 and received 
his Ph.D. in economics at Harvard in 
1968. In pursuing his main interests of 
food policy and the economics of devel
oping countries, Taylor has done field 
work in Egypt, Br�zil, India, Pakistan 
and Chile. 

ROBERT P. AMBROGGI ("Water") 
was senior adviser to the United Nations 
Food and Agriculture Organization 
from 1961 through 1979, acting concur
rently as consultant to the UN Develop
ment and Environment Programs and to 
the World Bank. A French citizen born 
in Corsica, he was graduated from the 
University of Nancy in 19:39 and com
pleted his doctorate at the University of 
Paris (the Sorbonne). As director of the 
Water Resources Department of Mo
rocco, in 1942 Ambroggi began study
ing ground-water hydrology and has 
since served as special adviser to the 
King of Morocco and senior adviser to 
the International Training Center for 
Water Resource Management, which is 
on the French Riviera. 

WOLFGANG SASS IN ("Energy") 
has been working for five years at the 
International Institute for Applied Sys
tems Analysis near Vienna as a mem
ber of its Energy Systems Program. He 
received a degree in technical physics 
from the Technical University in Mu
nich in 1964 and his doctorate in solid
state physics from the Technical Uni
versity in Aachen. From 1964 to 1973 
he worked at the Nuclear Research Es
tablishment in JUlich on radiation dam
age, low-temperature electricity trans
mission and systems analysis in the 
fields of energy and the environment. 

T it (DIN G CHEN) ("The Eco
nomic Development of China") is vice
president and secretary general of the 
Shanghai Federation of Industry and 
Commerce. He earned his B.A. degree 
at Shanghai Chiao Tung University in 
1939 before attending the University of 
Pennsylvania and then going to Harvard 
University, where in 1946 he obtained 
his Ph.D. in economics. Ding, who has 
served as vice-president of the Shang
hai World Economics Society and as 
a national-committee member of the 
Chinese People's Political Consultative 
Conference, visited the U.S. last year on 
a lecture tour sponsored by the National 
Academy of Sciences. 

RAJ KRISHNA ("The Economic 
Development of India") has been pro
fessor of economics at the University 
of Delhi since 1976. He completed his 
Ph.D. in economics at the University 
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of Chicago in 1961, and after working 
as senior economist and adviser at the 
World Bank in Washington he became 
a member of the Indian government's 
Planning Commission in New Delhi. 
There he prepared much of the draft 
Sixth Five-Year Plan revised last year. 

ROBERT B. MABELE, WILLIAM 
M. LYAKURWA,BENOJ. NDULU 
and SAMUEL M. WANGWE ("The 
Economic Development of Tanzania") 
teach economics at the University of 
Dar es Salaam in Tanzania. Mabele, di
rector of the university's Economic Re
search Bureau and senior research fel
low, received his master's degree in agri
cultural economics at the University of 
Tennessee in 1973. Wangwe, who got 
his master's at the University of Dar es 
Salaam the same year, now heads the 
university's department of economics 
and is senior lecturer in the department. 
Lyakurwa and Ndulu, both lecturers at 
the university, got their Ph.D.'s in eco� 
nomics respectively from Cornell Uni
versity in 1978 and from Northwestern 
University in 1979. 

PABLO GONZALEZ CASANOVA 
("The Economic Development of Mexi
co") is a leading Mexican scholar on the 
history of political and economic move
ments in his country. Born in Toluca, he 
attended the College of Mexico and the 
National School of Anthropology. He 
received his master's degree at the Na
tional Autonomous University of Mexi
co in 1947, and he was president of the 
university from 1970 to 1972. Gonzalez' 
work has taken him to the University of 
Paris, where he completed his Ph.D. in 
1950, and to Britain, where he was visit
ing professor at the University of Ox
ford in 1974. In October he will be visit
ing professor at the University of Cam
bridge. Currently senior professor at the 
Institute of Social Research at the Uni
versity of Mexico, he has been working 
on several histories of Latin-American 
intellectual and labor movements. 

W ASSIL Y W. LEONTIEF ("The 
World Economy of the Year 2000") re
tired from Harvard University in 1975 
after more than 40 years in the depart
ment of economics. A native of Rus
sia, he received his education at the 
University of Leningrad and complet
ed his Ph.D. at the University of Ber
lin in 1928. In 1973 he received the No
bel prize in economic science. He has 
served as an economic adviser to China, 
the U.S. and the UN; he has also been 
a consultant for disarmament and envi
ronmental protection. The author of nu
merous essays and books, the most re
cent of which is The Future o/the World 
Economy (1977), Leontief currently di
rects the Institute for Economic Analy
sis at New York University, where he 
has been professor of economics since 
1975. 

PHOTOG RAPHY 
WITHOUT 

COMPROMISE 
There are some disciplines in which compromise is 

necessary. With the Bronica ETR-System, photography is no longer 
among them. 

' 

Begin with the professional sharpness of a 4.5 x 6cm negative 
nearly 3-times larger than 3 5mm ... in a camera nearly as small. Add 
the convenience of an automatic exposure prism finder that selects 
the correct shutter speed for any aperture you choose. And the 
creative freedom of a lens system ranging from 40mm wide-angle to 
500mm telephoto, including zoom lenses and a unique perspective 
control optic that brings view camera-like movements to medium 
format . Each lens has an electronically-accurate leaf shutter for 
electronic flash synch at every shutter speed to 1I500th. There's also 
the flexibility of interchangeable magazines for 120,220, 70mm and 
Polaroid"M films. And viewfinder and accessory systems to meet 
virtually any photographic challenge. 

Bronica -the camera system without compromise, now 
costs less ... so you need compromise no more! See it at your 
Bronica dealer. Or, write for LitPak P 52. Marketed by Nikon Photo 
Division, Ehrenreich Photo-Optical Industries, Inc., Garden City, 
NY 11530. mrRl 
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MATHEMATICAL 
GAMES 

Dr. Matrix, like Mr. Holmes, comes 

to an untimely and mysterious end 

by Martin Gardner 

The sons of the prophet are brave 
men and bold, 

And quite unaccustomed to fear, 
But the bravest by far in the ranks 

of the Shah 
Was Abdul Abulbul Amir. 

-ANONYMOUS BALLAD 

G
ing through my files on Dr. Ir
ving Joshua Matrix, the greatest 
numerologist in the world, I find 

notes on many escapades that I have not 
yet written about in his peripatetic ca
reer. There was the year he spent in Tli
bingen as founder and director of the 
Institute of General Eclectics, a phil
osophical school maintaining that all 
metaphysical and religious systems are 
in substantial agreement. (Hans Kling 
taught there for several months.) And I 
have never told about Dr. Matrix' reviv
al in Bombay of phrenology, which he 
cleverly combined with the ancient Hin
du technique of acupuncture (a method 
quite different from that of the Chinese). 
Nor have I disclosed details about his 
notorious Parisian brothel for dogs and 
cats, where the madam was a large red
haired chow from Hong Kong, and pets 
were given free numerological readings 
on Saturdays. 

Perhaps someday I shall recount these 
odd episodes, but this month I must with 
a heavy heart speak of my visit with the 
wily old charlatan last April in Istanbul. 
I had been in Budapest attending an 
international magic convention at the 
Duna Inter-Continental Hotel, where I 
had a comfortable room with a breath-

taking view of the Danube. Dr. Matrix' 
half-Japanese daughter Iva somehow 
learned I was there, and one day while 
I was out she telephoned, leaving the 
cryptic message "Jeremiah 33: 3," fol
lowed by an Istanbul phone number. 

The Gideon Bible in my room provid
ed the verse: "Call unto me, and I will 
answer thee, and shew thee great and 
mighty things, which thou knowest not." 
Iva answered the phone when I called. 
Had I ever, she wanted to know, been to 
Istanbul? I told her I had not. She and 
her father would be there for a week, she 
said, staying at the Hilton Hotel on Tak
sim Square, on the European side of the 
ancient city, and they would be glad of 
my company. 

I flew to Istanbul early the next morn
ing, taking a room at the Santral Hotel, 
which is near the Hilton but considera
bly cheaper. When Iva came by for me 
at half-past ten, driving a rented Amer
ican car, I was surprised to find her 
clad in a traditional burka of bright or
ange that covered everything except her 
hands and feet and her dark, enigmatic 
eyes. I was to call her Fatima, she said. 
Her father was in Istanbul on a top-se
cret mission for the U.S. Government, 
the nature of which she could not dis
close. He had assumed the identity of a 
Muslim from Teheran and was using the 
name Abdul Abulbul Amir. Because he 
would not be free to meet us until late 
that afternoon she suggested that we ex
plore the city. 

We drove south down Istaklal in 
bumper-to-bumper traffic to the accom-

Dr. Matrix' cube (left) cut to form three identical skew pyramids (right) 
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paniment of wildly honking horns. Iva 
zigzagged adroitly through incompre
hensible traffic lights, navigating by 
way of the old Jewish quarter, past the 
cone-capped Galata Tower and across 
the Galata Bridge. The murky water on 
each side-the Bosporus to the east and 
the Golden Horn inlet to the west
heaved with flotsam. The stench of sew
age diminished only slightly as we 
moved deeper into Istanbul's Asian sec
tor and parked near the Great Bazaar. 

What bedlam! The rubbishy streets 
lined with tiny shops throbbed and jan
gled with swarms of people in every im
aginable mode of dress. The more tradi
tional of the women wore long coats and 
head scarfs, but some were in smart 
European clothes and a few even wore 
shorts. All of them stared at Iva in her 
burka as if she had been transported 
by time machine from the days of Ali 
Baba. As we pushed our way through 
the crowds scrawny cats darted between 
our legs, and it seemed that everywhere 
we turned there were young boys either 
shining shoes on luridly decorated boxes 
or hawking black-market Marlboro cig
arettes with shouts of "Mah-buh-ro." 
A strong scent of spices almost masked 
the smells wafting from the surround
ing waters. 

Iva paused at a table of costume jew
elry and after lengthy haggling bought 
four inexpensive trinkets at four differ
ent prices. One item, a pair of scarlet 
earrings, cost $1 in U.S. currency. When 
the young shopkeeper, pretending to be 
angry at the low settlement, added the 
four prices on his pocket calculator, I 
noticed that he hit the multiplication 
button three times instead of the addi
tion button. When I pointed this out in a 
whisper to Iva, she nodded but gave the 
man the $6.75 that showed on the calcu
lator's display. 

"Why didn't you protest?" I asked as 
we elbowed our way to another shop. 

"Because," she replied, "I added the 
prices in my head and they came to the 
same amount." 

I did some scribbling on the back of 
an envelope. "By the beard of the proph
et!" I said. "You're right!" 

Even more surprising, I later discov
ered that only one set of four different 
prices that incl udes $1 has $6.75 as both 
its product and its sum. Next month I 
shall give the solution to this pleasant 
little problem in Diophantine analysis. 

We lunched at the Havuzlu restau
rant, near the post office, and for the 
next four hours Iva took me around the 
city. We visited the Blue Mosque and 
the Topkapi Palace. We drove past the 
old Byzantine walls west of the city. It 
was distressing to see how many of the 
beautiful mosques are decaying. Some 
are used now for storing soft drinks; 
others house squatters. Once-elegant 
mosaic walls are pockmarked with 
gaps where the tiles have fallen. Even 
the domes and spires are stained brown 
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from pollution, and it was difficult to see 
them through the thick daytime haze. 

When we finally arrived at the Hilton, 
Dr. Matrix was in his suite waiting for 
us, wearing a striped blue suit with a 
small emerald crescent in his lapel. His 
hair was closely cropped. I assumed that 
his gray beard and mustache were au
thentic, but his piercing green eyes had 
been turned black by contact lenses. 

"You've not been in Afghanistan, I 
perceive," he said as we shook hands. 

"No, thank Allah," I said with a smile, 
recognizing Dr. Matrix' parody of Sher
lock Holmes's first remark to Watson. 
"How on earth did you know that? " 

Dr. Matrix shrugged. "My daughter 
keeps good track of you." 

Iva excused herself to change to less 
cumbersome attire, and Dr. Matrix and 
I seated ourselves in the bedroom he was 
also using as an office. On his desk was a 
large ivory cube that had been sliced in 
two places and hinged so that it opened 
to form three four-sided skew pyramids, 
each with a square base (as is shown in 
the illustration on the opposite page). 

"The three pyramids are congruent," 
said Dr. Matrix. "If the square base has 
a side of 1, two adjacent faces are isosce
les right triangles with sides of 1 and a 
hypotenuse that is 'IlL. The other two 
sides are scalene right triangles with 
sides of 1 and v'2 and a hypotenuse that 
is v5. The pyramids are easy to make 
with cardboard, but you would be sur
prised how many people have trouble 
putting them together to form a cube. 
The dissection goes back to ancient 
China. The pyramids were called yang
mas. You might ask your readers if 
they can discover a completely differ
ent way to cut a cube into three identi
cal solid forms." 

Dr. Matrix picked up the hinged yang
mas and folded them back until their 
square bases were mutually perpendicu
lar. "Fit eight of these triplets over the 
eight corners of a cube of side 2," he 
continued, "and you create a rhombic 
dodecahedron. This construction pro
vides an easy way to calculate the vol
ume of such a solid. If the central cube 
has a side of 2, the rhombic dodecahe
dron has a volume of 8 + (2413), or 16. 
Moreover, if you make four identical 
yangmas, they will fit together to form a 
pyramid that resembles the Great Pyra
mid of Egypt, with a 2-by-2 square base 
and four congruent isosceles triangles as 
sides." 

The skeleton of a rhombic dodecahe
dron with its 12 identical diamond faces 
is shown at the bottom of the illustra
tion on this page. The unfolded pyramid 
that can be made with four yang mas is 
shown at the top left in the illustration, 
and a fascinating toy can be created by 
gluing six of these pyramids at their 
bases to six square cells marked on a 
cross made of tape as is shown at the 
top right. Paint the bottom of the tape 
red and the sides of the pyramids blue. 
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Plalls (top) for a toy that forms bOlh a rhombic dodecahedroll (bottom) alld a cube 

Folding the pyramids inward creates a 
solid red cube. Folding them outward, 
on the other hand, creates a blue rhom
bic dodecahedron with a cubic interior 
hole. With two such models it is pos
sible to display a blue rhombic dodeca
hedron, remove its "shell" to disclose 
an interior red cube and fold the shell 
to make another red cube of the same 
size. Each cube can then be opened 
into two identical blue rhombic dodeca
hedrons. 

Each corner of Dr. Matrix' ivory cube 
was marked with a different digit from 
the set 0, 1, 2,3,4,5, 6,7. Tl"\e digits were 
cleverly placed, he told me, so that the 
sum of the two digits at the ends of each 
edge would be a prime number. (The 
primes are not necessarily different.) 
Can the reader find the only arrange
ment of the eight digits with this proper
ty before I give it next month? 

"By the way," said Dr. Matrix as I 
jotted down the cube's number pat
tern, "are you aware that every cube 

has a volume equal to its surface area? " 
He seemed mildly amused by the 

astonishment on my face. "Take any 
cube," he said, "and divide its edge into 
six eq ual parts. Call each part a hexling. 
A face obviously has an area of 36 
square hexlings, and so since there are 
six faces, the total area is 6 X 36, or 216, 
square hexlings. The volume is of course 
63, or 216, cubic hexlings. In the same 
way you can show that the area of any 
square is equal to its perimeter by di
viding the side of the square into four 
equal quadlings. The paradox is related 
to a confusing proof that the surface-to
volume ratios of a sphere and a cube 
are the same." 

"But isn't it well known that of all 
solids the sphere has the smallest such 
ratio? That's the reason soap bubbles 
are spherical." 

"That's true," said Dr. Matrix, "but 
hear me out." He explained the "proof" 
as follows. If d is the diameter of a 
sphere, its surface is 7Td2 and its volume 
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is 1/61Td3. The surface-to-volume ratio, 
then, reduces to 61 d. Now let d be the 
edge of a cube. Here the surface-to-vol
ume ratio is 6d21 d3, which also reduces 
to 61 d. Obviously something is wrong, 
but what is it? 

"Enough of geometry," I said, my 
head spinning. "Have you encountered 
any number oddities since you came to 
Istanbul? " 

Instead of replying, Dr. Matrix tossed 
over to me a 60-page booklet in English 
titled Number 19: A Numerical Miracle in 
the Koran. I later discovered that the au
thor of this monograph, Rashad Khali
fa, is an Egyptian who received a doc
torate in biochemistry from an Ameri
can university, where he also taught 
for a time. His booklet was published 
privately in the u.s. in 1972. 

The number 19, Dr. Matrix point
ed out, is as inscrutable to Muslims 
as 666, the Number of the Beast, is to 
Christians. Verses 27 through 31 of Sura 
74 in the Koran tell how hell is guarded 
by 19 angels and explain that this num
ber is intended to be an enigma for un
believers. Dr. Khalifa's monograph at
tempts to show that 19 appears through
out the Koran too often to be there by 
chance. The number of suras in the Ko
ran is 114, a multiple of 19. A famous 
verse called the Basmala ("In the name 
of Allah, most gracious, most merci
ful"), which opens every sura but one, 
has 19 letters. Its first word (ism) appears 
19 times in the Koran. The second word 
(Allah) is found 2,698, or 142 X 19, 
times. The number of times the third 
word (ai-Rahman) appears is 57, which 
is also a multiple of 19, as is the number 

FINAL POSITION 

RED 
1. 12-16 
2. 16-20 
3. 11-15 
4. 9-14 
5. 14-18 
6. 5-9 
7. 9-14 
8. 6-9 
9. 9-13 

10. 7-11 
11. 11-16 

WHITE 
22-17 
23-19 
19-16 
16-12 
26-22 
31-26 
26-23 
23-19 
30-26 
26-23 

The shorleslllo-capture checkers game kllowlI 
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of times the fourth word (al-Raheem) 
appears, 114. 

"It's an ingenious study of the Ko
ran," said Dr. Matrix, "but it could have 
been more impressive if Khalifa had 
consulted me before he wrote it. Nine
teen is an unusual prime. For example, 
it's the sum of the first powers of 9 and 
10 and the difference between the sec
ond powers of 9 and 10. Do you know 
what an emirp is? " 

I shook my head. 
"Well, emirp is prime backward, and 

it's the name my friend Jeremiah P. Far
rell uses for any prime that is not a palin
drome but that yields a different prime 
when its digits are reversed. For exam
ple, the last emirpal year was 1949, and 
the next will be 3011. Unfortunately 
both dates include duplicate digits, and 
to a numerologist emirps in which no 
two digits are alike are far more interest
ing. I call those numbers no-rep emirps, 
and their sequence is 13, 17,31,37, 71, 
73, 79, 97, 107 . . . .  No one knows if the 
set of no-rep emirps is infinite. In fact, 
no one knows if there is a highest emirp 
or a highest palindromic prime." 

"Is there any connection between 
emirps and Istanbul? " I asked. 

"I'm coming to that," Dr. Matrix said. 
"As you know, Istanbul was once the 
great city of Constantinople. Its name 
was changed to Istanbul in 1930. Note 
the 19 and the 30. Nineteen is the myste
rious Koran prime, and 30 is the largest 
integer n with the property that every 
smaller integer relatively prime to II is 
itself a prime. As you know, two integers 
are relatively prime if they have no com
mon divisors, and Paul Erdos recently 
showed that 70 is the largest integer such 
that any smaller integer relatively prime 
to it is either a prime or a power of 
a prime." (See "A Property of 70," by 
Paul Erdos, in Mathematics Magazine. 
Vol. 51, No. 4, pages 238-240; Septem
ber, 1978.) 

"But I digress too far," Dr. Matrix 
said. "The most important date in the 
history of Constantinople is of course 
1453, the year the city was conquered by 
the Turks. Now, 1,453 is not merely an 
emirp but also a "no-rep emirp. Observe 
too that its digits add up to 13, which is 
the smallest emirp." 

"Have there been many no-rep-emirp 
years since 1453? " 

"There have been 11. The last was 
1879 and the next will be 3019," Dr. 
Matrix said. "My good friend Leslie E. 
Card is the world authority on emirps, 
which he calls reversible primes. It's 
easy to determine that there are four 
pairs of two-digit emirps and 13 pairs of 
three-digit emirps. Card teBs me there 
are 102 four-digit pairs and 684 five
digit pairs. He has a computer listing of 
all the no-rep emirps under 10,000,000. 
The breakdown by pairs is four with 
two digits, II with three, 42 with four, 
193 with five, 612 with six and 1,790 
with seven." 

Card also discovered, Dr. Matrix told 
me, that only one six-digit emirp is cy
clic, in the sense that if the first digit in 
the number is shifted repeatedly to the 
other end, each of the resulting permu
tations is an emirp. This unique num
ber is 193,939. In other words, if this 
number is written with its digits in a cir
cle, one can begin at any digit and go 
around in either direction to get a six
digit prime. The only cyclic emirp with 
five digits is 11,939. There are no cyclic 
emirps with three, four or seven digits. 

Card has entertained himself, Dr. Ma
trix said, by constructing emirp squares 
of digits with th'e property that every 
row, column and main diagonal is a dif
ferent emirp. Thus a square of n-by-n 
digits would contain 4(n + I) distinct 
primes. There is no such square of order 
2 or 3. Examples for orders 4 and 5 are 
as follows: 

9 1 3 3  
1 5 8 3  
7 5 2 9 
3 9 I 1 

1 3 9 3 3 
1 3 4 5 7 
7 6 4 0 3 
7 4 8 9 7 
7 I 3 9 9 

There are many other order-5 squares, 
but the order-4 square is truly extraordi
nary: ignoring rotations and reflections, 
it is the only possible sq uare of this type. 

Can similar squares be made with no
rep emirps? No, because all primes ex
cept 2 and 5 end in 1, 3, 7 or 9: only those 
four digits can border an emirp square, 
and so if the square is of an order higher 
than 4, no outside prime will be free of 
repetitions. 

I wish I had space for more of Dr. 
Matrix' comments about primes. He 
also pointed out that the squares of the 
first seven primes add up to 666, and 
he mentioned the even more astounding 
fact that if the English names for primes 
are alphabetized, the first number on the 
list is 8,018,018,851. Is the last prime on 
this list also determinable? Dr. Matrix 
thought it was, but he suggested that a 
computer would be needed to find it. 

At this point Iva, now dressed in gray 
silk pants and a yellow blouse, came in 
with a tray holding three martinis. We 
chatted about nonmathematical topics 
until the towers and domes of Istanbul 
became black silhouettes against a flam
ing gold-red sky. It was a vision straight 
out of The Arabian Nights. Sunsets, Iva 
pointed out, were the only admira
ble by-product of the city's dirty air. 
Through the open windows floated the 
wailing of a muezzin,. his call to twilight 
prayer amplified by loudspeakers as he 
stood on a minaret not far away. (Mo
hammed disliked bells. ) Dr. Matrix un
rolled an intricately tessellated prayer 
rug and placed it on the floor with the 
point in its pattern directed southeast. 
After removing his shoes he recited the 
Fatiha. the Koran'S first sura, in a loud 
voice and knelt on the rug and pros
trated himself toward Mecca while Iva 
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P RESE NTING AMERICA'S LO WEST- PRICED, 
B EST  MI LEAGE 4 WD  CARS. 

IN HATCHBACK. AND NO BACK. 
T he Subaru Hatchback and Brat® 
can both take quite a load off your 
back, 

And both can really ease the 
burden on your monthly budget. 
To take home. And to feed. 

Yet both 
include such 
ni c e  e x t r a  
t o u c h e s  a s  
power assist 
f r o n t  di s c  
brakes , elec

tronic ignition, and adjustable sus-

pension for extra road clearance. 

FRONT TO 4-WHEEL DRIVE 
ATIHE FUCK OF A LEVER. 

With either one, you don't have to 
stop just because the road does. 
Flick a lever, and you're in 4-wheel 
drive. Which is also great even 
when the road ahead is good, but 
the weather isn't. More traction 
means more peace of mind. 

IMMEDIA'n DELIVERY. 
NO WAITING. 

You can start saving on the low 

sticker price and high mileage im
mediately. In fact, you can have 
one in days and hours. Not months 
and months. 

Consider all the advantages: 
You get the practicality of 4WD for 
practically nothing. Plus the ability 
to take you over all the rough 
spots. At the end of the road. And 
the end of the month. 

SUB ARU� 
IN EXPENSIVE.AND BUILT 

TO STAY THAT WAY. 

'Total suggested POE -not including dealer prep, inland transportation, state and local taxes, license and title fees, distributor or dealer installed options or accessories. 
California price is higher. Certain items shown optional at extra cost. 

"Use estimated MPG for comporisons. Your mileage may differ depending on driving speed, weather conditions and trip length. Actual highway mileage will probably 
be less than highway estimate. Actual city mileage will be less in heavy traffic. California estimates lower. © Suqaru of America, Inc. 1980. 
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August Sebastiani 
1913-1980 

With the grape harvest upon us, it 

seems a fitting time to reflect upon 

my father, for this was his favorite 

time of the year. 

To him, the harvest meant more 

than gathering the fruit of his labor. 

It wasn't the end of the growing 

season, but th beginning of a new 

vintage, filled with the promise of 

the future. I've no doubt it was this 

positive philosophy that made him 

the man he was. 

During the last several months of 

his life, when he was quite ill, I spent 

time with him each day at his home 

on the hill above the winery. What 

amazed me - and inspired me - was 

that, even as his time was coming to a 

close, he saw only the future. The 

winery founded by his father and 

passed down to him would now pass 

to a new generation of Sebastianis. 

The family tradition was continuing 

and that gave him great peace of 

mind. 

August Sebastiani was a great 

winemaker, but I remember him 

mostly as a good, honest man who 

loved his life and lived it well. 

Sam). Sebas(iani 

�/�..c;;;;.. 
Sebastiani 

VINEYARDS 
EST. 1825 

P.O. Box AA Sonoma CA 95476 

sat sipping her martini with a bemused 
smile. 

I spent several delightful days in Is
tanbul, and when I left, I fancied I could 
see tears in Dr. Matrix' eyes. Did he 
have a premonition about his kismet? 
His last words to me were "Gulegule, 
Mashalla Hanim effendi": "Good luck 
and Allah bless you." 

"Salaam," said Iva. 
Three weeks later, back in New York, 

I was shattered by a story in The New 
York Times. It was datelined Bucharest. 

A Muslim known as Abdul Abulbul 
Amir, said to have been on a secret mis
sion for the CIA, had met in Bucharest 
with a Russian agent, Ivan Skavinsky 
Skavar. The two had gone to a desolate 
spot on the delta of the Danube, out
side the Ukrainian city of Izmail near 
the Romanian border. What happened 
there was unclear. Apparently the two 
men had fired revolvers simultaneously 
and both had died instantly. A peasant 
who witnessed the scene from a nearby 
hilltop reported hearing the taller man 
cry "Allah Akbar!" as he fell. 

A few words may suffice to tell the 
little that remains. Amir's only surviv
ing relative, a daughter named Fatima, 
had arranged for her father's burial 
in a tomb on the bank of the Danube 
near the spot where he had died. It was 
rumored, said the Times, that a group 
of Russians had taken Skavar's body 
aboard a ship and disposed of it in the 
Black Sea. No doubt I will learn more 
details if and when I see Iva again. With 
these sad words I close my final account 
of him whom I shall ever regard as the 
strangest and the wisest man I have ever 
known. 

Here is how Ross Honsberger, who 
wrote last month's column, an

swers the three exercises given in his dis
cussion of the pigeonhole principle: 

1. To show that one of the line seg
ments connecting five lattice points 
must pass through some lattice point in 
the coordinate plane, note that there are 
four "parity" classes for the coordinates 
of a lattice point: odd, odd; odd, even; 
even, odd, and even, even. On the pi
geonhole principle some two of five 
lattice points, say (Xl> Yl) and (X2' Y2), 
must belong to the same class. This im
plies that Xl + X2 and Yl + Y2 are both 
even numbers, making the midpoint of 
the segment joining the points, namely 
[(Xl + X2)!2, (Yl + Y2)!2], a lattice point. 

2. To prove that six circles arranged in 
the plane so that none of them contains 
the center of another cannot have a 
point in common, assume the converse 
is true, namely, that there is a point 0 
common to six such circles. Now sup
pose 0 is joined to each of the six cen
ters. No two centers can be colinear with 
o because no circle contains the center 
of another circle and all the circles con
tain O. Therefore the six lines all fan out 
from 0. Let OA and OB be consecutive 

segments in the fan. Since 0 belongs to 
each circle, the segments OA and OB are 
not larger than the radii of the circles in 
which they lie. But since neither circle 
contains the other center, AB must be 
larger than either of these radii. Thus 
AB is longer than the other two sides of 
triangle AOB, which implies that angle 
AOB opposite AB is larger than either 
of the other angles in the triangle. Hence 
angle AOB must exceed 60 degrees. If 
this is so, however, there is not room in 
the 360-degree sweep around 0 for six 
angles such as AOB, which establishes 
the conclusion by contradiction. 

3. To prove that in any row of mn + 1 
distinct real numbers there is either an 
increasing sub-sequence of length m + 1 
or a decreasing sub-sequence of length 
n + 1 let "coordinates" (x, y) be assigned 
as in example 7 given last month. Thc 
conclusion holds either if X is greater 
than m or if y is greater than n. Now, 
when x is less than or equal to m and Y is 
less than or equal to n, there are only mil 
different pairs (x, y). On the pigeonhole 
principle two of the pairs assigned to the 
mn + 1 numbers in the row must be the 
same, and as was shown last month a 
contradiction follows. 

T ast June I reported that Alan Beck
L erson, a London expert on check
ers problems, had found 28 final posi
tions for a 24-move game in which no 
«heckers are captured. For more than 
half a century the minimum number 
of moves for a no-capture game was 
thought to be 24, but that is not the case. 
Beckerson has now found several no
capture games that end after the 21 st 
move. One such game is shown in the 
illustration on page 22. 

For the material discussed this month I 
am indebted to many sources. The 

problem of the four prices is given in 
Crux Mathematicorum (Vol. 4, No. 4, 
pages 164-167; June, 1978). For the dis
sections of the cube see Mathematical 
Models, by H. Martyn Cundy and A. P. 
Rollett (Oxford University Press, sec
ond edition, 196 1, page 122), and letters 
in The Mathematical Gazette (Vol. 57, 
No. 399, pages 66-67, February, 1973, 
and Vol. 57, No. 40 1, page 2 11, Octo
ber, 1973). The problem of the numbers 
on the cube is from a personal letter 
from ·Garry Goodman, and the paradox 
of the cube's surface area and volume 
was sent in by Harlan L. Umansky. 

Lam Garvin of the sheikhdom of Qa
tar called Khalifa's booklet to my atten
tion by sending in clippings about it 
from this year's January 13 and Janu
ary 20 issues of the weekly Gulf Times, 
which is published in Doha, the capital 
city. The 666 curiosity is a recent discov
ery made by Elvin J. Lee. The prime
alphabetization tasks are from Edward 
R. Wolpow's article "Alphabetizing the 
Integers," in Word Ways (Vol. 13, No. 
I, pages 55-56; February, 1980). 
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ADVERTISEMENT FRENCH 
TELECOMMUNICATIONS: 

DIGITAL TECHNOLOGY AND THE TELEMATIQUE PROGRAM 

This special report on recent advances and future innovations in French telecommunications was 
written by Joel Stratte-McClure, a Paris-based technical and financial writer. 

Photograph COUrlery ojCNET. 

Fiber optical cables play an important role in French telecommunications by transmilling more information in less space. The town of Biarritz in southwestern 
France will be equipped with a complete fiber optic transmission system. 

France spearheaded a technological 
revolution in telecommunications in 1970 
when the world's first electronic time 
division multiplexing (tdm) switching 
center was put into operation in Perros
Guirec, a rustic coastal village in Brittany. 
Since then the French have moved swiftly 
forward to develop an integrated 
telecommunications system which utilizes 
sophisticated digital technology and makes 
the telephone network the fundamental 
component of a comprehensive 
information-based society. 

To attain this goal the French have 
substantially developed their domestic 
telephone system and launched a far
reaching telematique program which 
marries the capabilities of telecom
munications and data processing (known as 
in/ormatique in French). The telematique 
program incorporates telephones, 

television, facsimiles, computer terminals 
and other media into an harmonious 
network which permits data and other 
forms of information to be transferred 
speedily using advanced digital 
transmission techniques and tdm 
switching. 

During the next few years a diverse range 
of consumer products and services will 
transform the telephone line into a multi
functional tool which will perform a variety 
of communication requirements. 

"The development of the French 
telecommunications network springs from 
the radically new concept of telecom
munications in which speech transmission 
is only one aspect of the network which will 
transmit information in all forms - oral, 
visual and written," explains Gerard Thery, 
Director General of Telecommunications 
(DGT) for the French Ministry of Postes, 

Telecommunications et Telediffusion 
(PTT) , the government body which 
oversees development of France's domestic 
telephone network. 

"The integrated services digital network 
must be able to meet all communication 
needs by use of a single line. The subscriber 
will only need to adapt his terminal 
equipment to his immediate purpose and 
the telephone network will be able to 
provide the requested service." 

Competitive Productivity 
A visitor to France today is immediately 
struck by the amount and diversity of 
activity in the telecommunications sector . 
At first glance the entire country resembles 
a research and development (R&D) 
laboratory for a wide range of 
telecommunications equipment and tele
matique-oriented products. 
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Now. 
More of the a nswer, 

from CIT Alcatel. 
We're 
Telecommunication 
Switching 
Systems, Inc. 
The U.S. 
subsidiary of 
CIT -Alcatel
the world's 
largest 
supplier of 
digital central 
office systems; the 
company that's been 
innovating digital 
switching since 1968. 

worldwide since 
putting the world's 
first digital PCM 

telecommuni
cation switch 
into service 
in 1970. 

Working in 
over 80 

countries, CIT-Alcatel 
builds complete 
communications 
networks, using 

, digital 
switching, 
analog 

And now, calling on 
CIT's technical 
experience and 
financial resources, 
we're developing and 
manufac turing digital 
switching systems in 
the United States. 

If you would like 
to find out more 

about 
Telecommunication 
Switching 
Systems and 

what we 
CIT-Alcatel 
has installed 
over one and 
a half million 
lines of 
digital 
switching 

�- and 
have to 
offer, 
contact us 
at the 
address 
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PCM 
cable or 

rrucrowave 
systems, and 

submarine cable. 
below. 

The most experienced new name in the business. 

TELECOMMUNICATION SWITCHING SYSTEMS, INC. 
I A CIT-Alcotel SUBSIDIARY 

11250 Roger Bacon Drive 
Reston, Virginia 22090 

Telephone: (703) 471-6350 
TWX: 710-833-1176 
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The manufactured output ranges from 
large-capacity tdm switching systems 
developed by the two giants of the French 
telecommunications industry, CIT -Alcatel 
and Thomson-CSF Telephone, to the 
invention of a springless alphanumeric 
keyboard by Edouard Serras-Paulet, 
president of the rapidly growing Sigma 
Industries. 

Large and small companies, from Lille in 
the north to Marseilles in the south, from 
B rest in the west to Strasbourg in the east, 
have developed and produced modems and 
multiplexers, home terminals and 
consumer facsimiles, connectors and fiber 
optical cables and an overwhelming range 
of compatible but competitive peripheral 
telephone equipment. 

There is an immediate sense of vitality 
and youth in the French telecom
munications industry due to the fact that 
half of the nation's manufacturing plants 
are less than a decade old. 

New industrial parks, like Velizy, 
southwest of Paris, have literally sprung up 
to enable companies like ITT's subsidiary 
Compagnie Generale de Constructions 
Telephoniques (CGCT) to assist in the 
development of a new generation of tdm 
switching equipment. The town of 
Lannion, an hour's flight from Paris, 
houses two government R&D laboratories 
and private companies conducting their 
own R & D activities. In Grenoble, a new 
research center earmarked for the 
development of rapid high-density in
tegrated circuit technology is the first step 
towards making that part of France a 
Silicon Valley in the Alps. 

Companies dot the entire country 
manufacturing telecommunications prod
ucts for domestic and international con
sumption. Somfy-Tec produces telephone 
exchange protection systems in the Alpine 
village of Cluses. Tekelec's range of testing 
and measuring equipment is designed and 
assembled in Bordeaux. The Matra group is 
working on France's first domestic tele
communication· satellite in Toulouse and 
Barphone is producing automatic diallers 
and intercom systems in Saumur on the 
Loire River. 

Cables are manufactured in Lyon, 
software is being developed for the tele
matique program in Rennes and a tile
boutique in Orleans, a chic shop promoting 
and selling telephone-related goods, gives 
Frenchmen a glimpse of the latest product 
advances. 

Domestic Development 
France's telecommunications industry 
received a major boost in 1975 when 
President Valery Giscard d'Estaing and his 
government decided the top priority of the 
country's seventh five-year plan would be 
the development and modernization of the 
telephone network. The government gave 
the PTT the go ahead to raise funds 

publicly and spend a hefty $30 billion to 
improve the internal telecommunications 
network. 

The purpose of such a vast expenditure 
was not only to usher in revolutionary 
switching and transmission techniques, 
create a national packet data transmission 
network, produce the telematique program 
and develop a prosperous industry, but in 
the first instance to increase the number of 
available subscriber lines and give everyone 
access to a telephone. 

The numerical results, which form the 
backbone of future progress in the tele
matique program, are impressive. 

The number of subscriber lines in 
France, a country of 53 million people, will 
have increased from 6. 2 million in 1974 to 16 
million at the end of this year. In 1987, 
there will be 28 million subscriber lines with 
34 million lines projected for 1992. 

To provide some perspective, during the 
past eight years France will have installed 
more than twice the number of telephone 
lines put into operation during the previous 
100 years. In fact, one out of eight 
telephone subscribers being hooked up to a 
telephone anywhere in the world today is 
French. 

Technical Choices 
Naturally the decision to invest this amount 
of money in the country's telecom
munications future was not taken lightly. 
The planning, from the early option to 
develop electronic tdm switching to the 
philosophical and technological thrust of 
the telematique program, was largely the 
result of lengthy studies conducted by the 

DGT's research arm - the Centre National 
d'Etudes des Telecommunications, or 
CNET. 

The CNET can be compared to some 
degree to Bell Telephone Laboratories in 
the United States. Its R&D activities, 
undertaken with a medium and long range 
view, have a considerable impact on the 
direction and activity of the 
telecommunications and electronics 
industries. 

It was research first conducted by the 
CNET in the early 1960s, for example, 
which prompted CIT -Alcatel to develop its 
E 10 series of tdm switching centers. In 
1972, the CNET produced studies which 
resulted in the creation of TRANSPAC, 
France's domestic data packet transmission 
network. And in the late 1970s the CNET 
defined the telematique program. 

"The CNET put the creative carrot 
before the entire telecommunications 
industry in France," says Henri Sulzer, 
corporate development manager of Matra's 
telematique division, which has developed 
a number of products, including a video 
telephone, in collaboration with the CNET. 
"Much of the progress in French industry, 
from digital transmission to the telematique 
program, would not have occurred if it 
weren't for the CNET's foresight." 

CNET: The 70s and 80s 
Any overall look at French tele
communications begins at CNET's six 
research centers. Here the organization 
introduces new materials, products and 
patent applications which will eventually be 
developed by two or more French industrial 
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The CNET, the French goven/ment's research and developmem organization, has spearheaded a number oJ advantes in the COIllltl)l'S telecommunications industry. 
This telewriter uses multiplexing techniques which permit the simultaneous trammission oj written material. 

companies. It prepares general and 
technical specifications, an important role 
in determining how French-made products 
can be adapted for use in other countries. 

"We are a catalyst for French industry as 
far as product development and general 
direction are concerned," says Maurice 
Bernard, direclOr of the CNET. "Because 
we're a state organization we have the 
luxury of taking the long view in our 
planning and R& D . "  

'Bernard believes there are five primary 
areas in which the CNET and French 
industry broke new ground in 
telecommunications during the past ten 
years. 

"The first is obviously electronic tdm 
switching," he says . "The second is digital 
transmission, the third IS satellite 
communications in which two satellites 
proved the feasibility of various digital 
transmission facilities, the fourth is optical 
communication systems and the fifth is the 
new services, including the data 
transmission network, which have moved 
out of the laboralOry ." 

During the 1980s a number of CNET
developed products will be commercialized 
by French industry including intelligent 
telephone sets, low cost consumer 
facsimiles and systems based on man
computer dialogue. 
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"Our current R& D efforts will be even 
more important than ever before because of 
the continuous cost reduction in 
microelectronics," Bernard predicts during 
an interview at his Paris office . "Image and 
graphics will be at th.: con: of our work and 
during the next ten years the CNET will 
concentrate on six major R& D an:as: 
silicon microelectronics; optoelectronics; 
intelligent terminals and networks; optical 
and satellite communicalion SYSlems; 
computer and microprocessor assistance to 
all network functions and new 
communication concepls. "  

With telematique products leaving th.: 
laboratory for the consumer market, 
Bernard admits he is very concerned with 
mass consumption. 

"We are gelling the citizen involved and 
to a degree we arc becoming sociologists," 
he says . "It will be interesting lO see how the 
man in the street reacts to the possihility of 
having data processing capabilities in his 
living room." 

Tdm Switching 
The foundation of the overall plan for the 
evolution of the telephone network was the 
revolutionary decision to rapidly adopt 
French-developed electronic tdm switching 
and digital transmission techniques. In 

1980, over 70 per cent of the equipment 
ordered for the French telephone nelwork 
is of the electronic tdm type (the remainlkr 
is space division and elcctromechanical) 
while 75 per cent of the orders in 
transmission arc for digital pulse code 
modulation (pcm) equipment. During the 
next few years all orders for new equipment 
will consist of tdm switching units and 
compatible digital transmission systems. 

When the French first pioneered the 
movement into electronic tdm switching, 
which is now globally applauded, it must he 
recalled that their decision \Vas met with 
considerable scepticism. [n the 1960s, 
digital technology was contrary to accepted 
trends and considered a great risk. 

Most telecommunications professionals 
agreed there would ultimately be a digital 
revolution in the field, but felt the French 
were moving into commercialization at too 
early a stage. In addition, tele
communications specialists felt digital tech
nology was applicable only in transit switch
ing centers and many were astounded when 
the French began the digital movement by 
applying these techniques to their rural 
subscriber networks. 

However, by using remote su bscriber 
units to equip rural zones in France, the 
electronic tdm era began and has 
subsequently enabled the French to equip 
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their entire network with tdm 
exchanges of various capacities. 

A telecommunications network 
predicated on tdm switching and digital 
pcm transmission became feasible when 
computers were introduced to perform data 
processing services in switching centers -
including call processing, circuit control 
and fault-finding. The French techniques 
generally allow technological progress in 
electronics and data processing to be 
applied to switching and transmission. 

Rather than using outmoded analog 
"voice frequency" transmission, the digital 
system samples, codes, multiplexes and 
routes the electric signal transmitted by the 
subscriber.  The result is a network which 
functions much more efficiently and with 
less interface equipment than that of the 
analog variety. 

Digital technology in tele-
communications first attracted the interest 
of the French because of a number of 
operational advantages which are worth 
noting briefly. Tdm switching and pcm 
transmission increase productivity due to 
the use of integrated components which 
continue to decrease in price; there is a 
much greater flexibility in engineering and 
operation; the 2 mbit/sec standardized 
channels eliminate interfaces and decrease 
network installation costs; and the quality 
of subscriber service is improved by the 
non-blocking networks. The modular 
design of the system and the overall use of 
plug-in cards results in several months 
reduction in installation time, much less 
surface space requirements and greater 
reliability. 

More importantly, tdm switching and 
pcm transmission provide networks with 
increased flexibility permntmg the 
connection of multiple terminals and the 
possibility of dialogue from terminal· to 
terminal, or with a computer, without 
costly interfaces. 

"The advantages of time division 
multiplexing switching and digital 
transmission techniques enable us to 
integrate future telematique services into an 
economic and efficient network," explains 
Gerard Thery. "In the process there is 
increased productivity, a decrease in 

.network costs and a less complicated 
operation at the level of maintenance and 
management. " 

Tne first tdm system developed for the 
French network was manufactured by CIT
Akatel, a company with 40 per cent of 
France's switching market, 42 per cent of 
the multiplex market and 40 per cent of the 
private automatic branch exchange (pabx) 
sector. 

"We started studying tdm switching in 
1960 in collaboration with the CNET," 
recalls Ambroise Roux, chairman of the 
CGE group which controls CIT-Akatel. 
"Our intention was to combine tdm 
switching and digital transmission to 

Looking for 
someone to sort out your telecom 
problems? Try TRT. We're in the habit of listening 
attentively to users, anti we invariably come up with the right 
answers to their puzzles. Why? 

First of all, because we have real experience acquired 
in markets the world over and we've got proven and power
ful human and technical resources backing us (and you). You 
can turn to us for the widest range of reliable equipment and 
systems in such areas as microwave radio links, �elephony, 
data transmission and data packet switching. 

But that's not all. We're also into systems engineering, 
user staff training, technology transfer and licensing arran
gements. 

And we've built up a respected reputation with over 
130,000 km of microwave radio channels installed in some 
60 countries around the world. In data communications, TRT 
stands out as the number-one French builder of modems, 
with 90,000 of our globe-trotting data sets already sold to 
users in a host of countries. 

And in Europe, the trusted name of TRT has led to the 
choice of our data switching systems for the Transpac and 
Euronet networks, while in the telephony field TRT has deve
loped various digital transmission systems, such as those 
adopted by the French PD. 

88, rue Brillat-Savarin. 75640 Paris Cedex 13. France. 
Tel. (1) 581.11.12. Telex 2508� F. 
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CIT-Alca telleads the global move 
into electronic switc hing systems 

CIT -Alcatel has been In the tele
communications business for over 100 
years and manufactured the world's first 
electronic time division multiplexing 
(tdm) switching system in 1970. Since 
then the French industrial company has 
installed tdm switching units in 19 other 
countries and expanded its equipment 
range to meet capacity requirements of 
any telephone network. 

In an interview at CIT-Alcatel Paris 
headquarters, technical director Jacques 
Eldin discusses the move into electronic 
switching. 
Question: Why was a French company the 
first to develop an electronic tdm switching 
system? 

Eldin : We initiated a research program 
in 1965 because we believed in the idea of 
a fully integrated electronic tele
communications network - combining 
digital transmission with tdrn switching 
techniq ues to increase efficiency, decrease 
costs and augment the communication 
capabilities of the telephone system. 

Our first tdm switching exchange, the 
E 10, illustrated the advantages over 
ou tmoded analog methods: better pro
tection against noise, easier maintenance, 
improved fault detection, less space 
requirements and radical cost savings. 

We correctly anticipated a continued 
decrease in the cost of electronic 
components and today tdm switching is 
20 per cent less expensive than traditional 
methods. We've also made significant 
advances in the software area and can now 
provide an economic solution to most 
telecommunication problems anywhere in 
the world. 
Question: How have you expanded your line 
of tdm switching equipment? 

Eldin : Our E 10 exchange can be used 
to construct central office exchanges with 
a capacity of 45,000 subscribers and, in 
combination with the E 12 transit 
exchange, we can equip the entire range of 
switching functions required by 
networks. We have developed a second 
generation of E 10 exchanges, the E lOB, 

which is more powerful, can handle more 
subscribers and consequently reduces 
costs. 

Today we are constantly making 
modifications to improve performance of 
our currently available system. 
Question: And the result is that your 
switc hing equipment can be put into service 
anywhere in the world? 

Eldin : Adapting our switching systems 
to different environments depends solely 
on what the subscriber loop looks like and 
modifications are almost entirely in the 
software. When we sell a system, whether 
it is an E 10 in Egypt or a TS S-5 in the 
United States, the advantages are the 
same: less cost per line, ease of 
maintenance and reliable service . We 
have a complete range of testing 
equipment and put a great emphasis on 
training personnel to operate our systems. 
In addition, it is very easy to manufacture 
CIT-Alcatel tdrn switching systems, as 
Poland and Finland are doing. 
Question: Can your equipment be employed 
for future telecommunication requirements -
like the tilimatique products in France? 

Eldin : The overall philosophy behind 
our systems is that they lend themselves 
very readily to the adoption of telematique 
services which will be increasingly 
employed throughout the world. The 
concentrator in our TSS-5 switching 
system, for example, is being used for the 
electronic directory in France. 
Question: How does your R&D effort 
compare with that of other manufacturers? 

Eldin: We concentrate on our strong 
points: switching, transmission, sub
marine communications and teIematique 
products. Our annual R& D budget is 
$150 million and 1,400 employees at CIT
Alcatel work in R& D - which ranks us 
very high among European tele
communications companies. But in our 
opinion a clear strategy is preferable to 
pouring money into developments. We 
have always been careful not to launch 
research areas where we have no chance of 
becoming a major market force. 

For additional product information contact: Mr. Jean Royer 
International Division 
CIT -Alcatel 
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33 rue Emeriau 
75725 Paris, France 

Telephone: 577.10.10 
Telex: 250927 

CIT Alcatel 

eliminate the conventional interfaces 
between switching and transmission 
equipment, thus creating integrated digital 
networks. 

"These are more flexible and less 
expensive to install than traditional 
networks. " 

CIT -Alcatel has developed l\\"O 
generations of its E 10 electronic tdm 
switching system . The maximum capacity 
of the E lOf A is 15,000 subscribers while the 
E lOfB, which is more powerful and makes 
a greater use of microprocessors, has a 
capacity of 45,000 subscribers. The larger 
E 12 transit exchange can handle an 
equivalent of 60,000 subscribers. 

The E 10 system is composed of three 
levels which can be located in different 
areas: subscriber exchanges which fulfill 
the· function of traffic concentration and 
digital multiplexing; the switch block with 
connection networks and control units 
linked by pcm lines to subscriber stages; 
and the information processing center 
which uses a general purpose computer. 

To date, 19 countries have ordered CIT
Alcatel's tdm systems. Over 1.2 million 
lines have already been put into service and 
an additional 3 million are on order. Poland 
and Finland are manufacturing the E 10 
under license. 

The company is expanding its range of 
tdm switching systems into smaller 
capacities in an attempt to market its 
acquired electronic expertise at all levels. 
Last year, for example, CIT -Alcatel created 
a U S  subsidiary, Telecommunication 
Switching Systems (TSS), in Reston, 
Virginia, to develop, manufacture, install 
and service a new family of digital switching 
centers with a joint Franco-American 
development team. 

The French pioneered electronic time division 
multiplexing switching systems which substantially 
reduce installation time, provide greater reliability 
and require less surface space than traditional 
switching methods. 
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Although the first member of this 
American-oriented digital family , the TSS-
5, does not use specific hardware or 
software from the E 10 system it follows the 
overall philosophy of combining 
decentralized distributed switching and 
(ontrol with centralized maintenance and 
administration . 

"Small capacity US subscribers are 
movmg into this range of digital 
equipment," says Jacques Blanche, head of 
CIT-Akatel's public switching division. 
"This new unit allows us to take digital 
technologv to the market for small-to
medium range requirements. " 

CIT -Akatel received its first order for the 
TS S-S from an American client last May 
and will make delivery in 1981. 

France's other large telecommunications 
(ompany, Thomson-CSF Telephone, an 
affiliate of the large professional electronics 
(ompany Thomson-CSF, has also moved 
into the tdm switching field. Their MT 
range of tdm exchanges has been on the 
market for two years and over 2 million lines 
have been ordered in 16 countries. 

Thomson-CS F Telephone currently has 
four models of the MT system available: the 
MT 20 transit center which is suitable for 
integration into urban, national or 
international grids; the high capacity MT 
2S (6S ,000 subscribers) subscriber 
exchange; the medium capacity MT 30 
(8,000 subscribers); and the MT 3S with a 
capacity of 200 to 1,000 subscribers. 

The MT 20 range consists of a unit time
mUltiplexing the pcm channels connected 
to it, local or remote interfacing units for all 
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types of trunk lines, and signalling units 
which process lines and register signalling 
data. 

Between them, CIT-Akatel and 
Thomson-CS F  account for over 60 per cent 
of all tdm switching lines in service or on 
order in any part of the world today. 

A third French company has also 
developed a tdm system for public 
telephone networks and will be competing 
with CIT-Aka tel and Thomson-CSF 
Telephone for domestic and international 
orders. 

Jeumont-Schneider's J I SCOS 80 has a 
flexible architecture capable of nand ling up 
to 20,000 subscribers . 

In addition to the these companies, ITT's 
French subsidiary CGCT is also moving 
into tdm switching for all sizes of public and 
private networks. Although their main 
switching strength in the past has been the 
Metaconta space division switching system, 
one CGCT affiliate , the Laboratoire Central 
de Telecommunications (LeT) in Velizy , is 
currently working in collaboration with 
other ITT laboratories to develop the 
System 12 range of tdm switching products. 

"We realize the importance of tdm 
technology in public switching especially in 
view of the growth of the telematique 
program and other services using the public 
network," says Robert Bonami , manager of 
System 12 engineering at LCT. "The 
French pushed other companies into this 
area with their first tdm systems and the 
movement has now gained global 
acceptance. We think our later entry into 
the market gives us a more sophisticated 

ADVERTISEMENT 

generation of equipment but that will 
become clearer when prototypes are 
available in January. " 

Digital Transmission 
Accompanying the introduction of tdm 
switching is the corresponding pcm digital 
transmIssIon supporting environment, 
which is necessary for a complete electronic 
network . The French , particularly at the 
local and regional levels, are rapidly 
converting their transmission system from 
analog to digital techniques which use 
hierarchial operational channels (2, 8, 34 
and 140 mbit/sec digital paths) to transmit 
over coaxial cable , microwave, radio relay 
and optical fibers. 

The development of digital transmission, 
which was first initiated in 1965 when pcm 
was used over a 20 kilometer link in a 
suburb of Paris, is related to the 
comparative low cost of the multiplexed 
channel and the possibility of using 
existing low frequency cables without 
installing a totally new network. Today 2 1  
per cent of French circuits use digital 
techniques and an entire generation of 
digital terminal and line equipment has 
been developed. 

Although the French network will 
ultimately be completely equipped with 
digital transmIssIon facilities , the 
administration is determining the 
introduction of this equipment on a case
by-case basis according to cost 
considerations. The first areas employing 
digital techniques are the urban and local 
networks where existing cables have been 
modified for digital transmission without 
the instal lation of new lines . 

In addition , between 1970 and 1979 over 
300 2 mbit/sec microwave links and 400 
8 mbit/sec microwave links were put into 
service. The result is that today 340 ,000 of 
1. 6 million circuits are digital and the 
existing analog network will be 
progressively replaced by digital links. 
Orders for digital equipment have 
increased from 31 per cent in 1976 to 64 per 
cent in 1979 and to 75 per cent this year. 

Again, as in the area of tdm switching, 
the French took an early gamble when they 
opted to equip their network with pcm 
transmission links, but the continuing 
decrease in costs of electronic components 
and integrated circuits has made digital 
transmission a highly economic solution. 

Digital transmission techniques, in 
combination with tdm switching , have a 
number of cost-saving benefits: they reduce 
the required amount of coding and 
multiplexing equipment, more circuits can 
be established on existing cables than by 
employing analog techniques , and they can 
also be used for telex and other transmission 
services. 

The most profound future plans in the 
pcm transmission area concern the full
scale introduction of these techniques on 
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The French domestic telecommunication satellite, Telecom 1, is being manufactured under the auspices of the 
Matra group at their Toulouse facilities. 

long-distance trunk networks. In 1982,4 x 
140 mbit/sec systems will be manufactured 
using 2.8/10.2 coaxial pairs with aluminium 
external conductors. In addition, French 
companies are in the process of devel
oping coder-decoder integrated circuits 
(CODEC) which will allow the placement 
of digital techniques up to the subscriber's 
telephone set. 

A variety of French firms, including SAT 
(Societe Anonyme de Tele-
communications) and TRT (Tele-
communications Radioelectriques et Tele
phoniques), produce transmIssIon 
equipment ranging from cables to digital 
multiplexing terminals adaptable to any 
transmission medium. 

Thomson-CSF has thirteen production 
plants in the transmission field and is 
capable of designing, manufacturing and 
installing complete telephone transmission 
networks using cable, microwave or 
satellite. The company's new series of 
microwave transmission, for example, 
features digital transmission with speeds of 
2 x 140 mbit/sec using microwave mod
ulation (20 GHz). 

CIT -Alcatel has developed a large 
number of pcm systems employing metallic 
cables, optical fibers and microwave links 
for subscriber and trunk lines. These 
systems provide inexpensive connections to 
switching equipment forming a complete 
integrated network. 

"The future for everyone in the pcm 
area," says CIT -Alcatel's technical director 
Jacques Eldin, "is to increase circuit 
capacity which, of course, decreases the 
price per line." 
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Telecom 1 
Satellites and fiber optical cables - which 
accelerate the introduction of digital 
transmission techniques and form the 
physical connections for the telematique 
program - both play a· substantial role in 
future French transmission plans. France is 
expected to put its own domestic satellite, 
Telecom 1, into service in 1983 while fiber 
optical cables will gradually be installed 
during the next decade. 

Telecom 1 will provide an 
"intracompany" link with high speed 
digital wide band communications between 
separate branches of a subscriber's 
organization. It will link France and its 
external territories for telephone and 
television traffic between strictly localized 
geographical points and facilitate the 
development of new applications in large 
bandwidths including video tele
conferences, high speed facsimile and the 
rapid transfer of data between computers. 

The system - two satellites in geo
stationary orbit above the Gulf of Guinea 
in the Atlantic Ocean - will carry a 
communications package in the 12 and 
14 GHz bands with a gross capacity of 
150 mbit/sec and a transmitting power of 
20 W. Subscribers will have access to 
Telecom 1 through a tdm system using 
earth stations. 

A number of French companies will be 
involved in the construction of Telecom 1. 
The Matra group, which will oversee 
development at its Toulouse site, is the 
prime contractor and Thomson-CSF has 
been awarded a design contract for the 
payload including telecommunications 

ADVERTISEMENT 

repeaters and antennas adapted to different 
coverage areas. Thomson-CSF and CIT
Alcatel, through their 50-50 partnership in 
Telspace, are the European leaders in the 
construction of earth stations and will 
jointly handle that aspect of the project. 

Fiber Optics 
There have been long-term design and 
development programs in France 
pertaining to fiber optical links and there 
are overall plans to introduce fiber optical 
cable into numerous parts of the French 
transmission network during the 1980s. 
These include inter-urban links, large-band 
links to subscribers, submarine cable and 
optical fibers for video telephone and video 
teleconferences. 

Currently, tests are being conducted for 
optimum resolution regarding trans
mission of several channels per fiber 
(wavelength multiplexing) and the use of 
unimode fiber (improvement of 
distance/digital flow ratio). 

"The numerous economic advantages of 
replacing copper wire with optical fibers 
have been recognized throughout the 
world," says the CNET's Maurice 
Bernard. "They provide the transmission of 
more information in a smaller space." 

The CNET laboratory in Lannion has 
conducted design and experimental work 
using several different cable structures 
including the conventional one where fibers 
are individually protected in a cable; a 
grooved cylindrical structure with fibers 
inserted in spiral grooves on the outside of a 
cylindrical core sheathed by protective 
tapes; and a tape structure where fibers are 
rolled out in parallel between two sheets of 
plastic material to form a tape and then 
placed on top of each other. Experimental 
optoelectronic systems were established on 
0.85 and 1.3J.Lm to illustrate the feasibility 
of links. 

A CIT-AlcatelJiber optic communications system is 
being used 10 link two Weslern Union telephone 
exchanges in New York City. 
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This month Thomson-CSF's subsidiary, 
Lignes Telegraphiques et Telephoniques 
(L TT), is installing a seven kilometer link 
between two urban exchanges in Paris using 
a grooved structure cable (34 mbit/sec) 
containing 70 fibers. The company is also 
placing a 10 kilometer fiber link along two 
stations on Paris' express subway line to 
permit two-way transmission between 
digital terminals at the rate of 2 mbit/sec. 

L TT, which produces about 100 
kilometers of fiber cable a month, is 
installing another fiber optic system in the 
Loire Atlantique region of France which 
connects a television camera to a 
surveillance monitor over a distance of five 
kilometers . 

"Our strength in the fiber optic area is 
that we're one of the few companies in the 
world capable of producing all the 
components for a complete fiber optic 
transmiSSIOn system - lasers, cable, 
connectors, splicing equipment and so on," 
says Thomson-CSF's technical director 
Michel Carpentier.  

CIT -Akatel is also active in fiber optics 
and has delivered equipment for an 
experimental fiber optic link in New York 
City which began operating in January 
between two Western Union exchanges .. 
The system has a 45 mbit/sec capacity and 
extends over a distance of four miles 
without repeaters. CIT -Akatel has also 
installed an experimental link in Berne, 
S witzerland, and its affiliate Cables de Lyon 
is in the process of equipping a microwave 
link in Dijon with fiber optic trans
missio n .  Another subsidiary, Calais-based 
S ubmarcom, which is the world's second 
largest producer of submarine transmission 
systems, is experimenting with underwater 
fiber optical systems between Corsica and 
France . 

Although fiber optical techniques will 
ultimately be introduced throughout the 
French transmission system, the most 
ambitious project is the installation of a 
complete fiber optic transmission network 
in Biarritz, a town of 30,000 people in 
southwestern France. 

The Teiematique Program 
Electronic tdm switching, pcm 
transmission and TRANS PAC the 
French public data packet transmission 
network which permits the processing 
equipment of one subscriber to 
communicate with that of any other 
subscriber by presenting data in a 
prescribed manner to the national network 
- combine to form the foundation for the 
te!ematique program. Industrial companies 
and government officials react with 
enthusiasm when discussing the product 
and service potential associated with te!e
matique and the term has become a 
buzzword throughout the French 
telecommunications industry . 

The phrase was created in the late 1970s 
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when two French telecommunications 
specialists, Simon Nora and Alain Mine, 
used it in their lengthy report on a 
computerized society. "Simply stated," 
says Simon Nora, "telematique is the result 
of the growing interconnection between 
telecommunications and data processing 
and will, sooner or later, lead to radical 
changes of life in all countries." 

. 

A key feature of the telematique program 
in France is an emphasis Oil mass markets 
and the corresponding low cost of products 
and services. The end result will be a multi
service telecommunications network 
offering unlimited and tailor-made services 
producing a considerable reduction in 
communications costs. 

"The multi-service network answers all 
telephone, data transmission and facsimile 
needs including the interrogation of data 
bases," explains the DGT's Gerard Thery . 
"The collective and general network will 
also substantially reduce costs." 

France, unlike most other countries, has 
created a teIematique program supported 
by a unified national policy which calls for 
the integration of numerous compatible 
products and services. The government's 
stated intention is to provide the public 
with access to a wide range of new and 
complementary methods of communication 
which facilitate dialogue and create a more 
democratic, equitable society. 

"Mass computerization will take hold," 
predicted Nora and Minc in The 
Computerization of Society, "becoming as 
indispensable to society as electricity." 

The possibilities of the telematique 
program, using uniform terminals and 
improved transmission techniques, are 
vast: written messages and electronic mail 
can be transmitted between individual sub
scribers; information may be obtained 
using a simple keyboard through a 
unidirectional teletext system; data 
processing may be conducted on a 
compatible interactive videotex system; 
and a standard terminal can be used to 
obtain telephone numbers. 

The teIematique program, using the 
telephone a.nd television as building blocks, 
permits the simple connection of every 
telephone subscriber to virtually any 
information source. During the past few 
years, research branches of the PTT have 
been conducting studies to determine 
which services should be offered to 
subscribers and how they should be 
physically transported and presented. 

The result is a logical and coherent plan 
for the transmission and reception of 
information using the fewest number of 
commands to request, and to receive the 
greatest amount of data. 

As it gets underway the telematique 
program has created a number of 
advantages for French manufacturers. 

At the terminal level, for example, 
specifications have been standardized to 

provide complete compatibility which 
allows terminals to be used for a large 
number of services. Terminals being 
manufactured for the teIematique program 
have a unified base which adapts to all 
network standards and consequently may 
be employed for a variety of tasks. 
Broadcast functions operate separately 
from display functions which greatly 
expands usage and uniform graphics and 
character definition - up to 16 different 
alphabets displayed on a single page - allow 
production and editing of material for 
different services. 

In addition, because the French are in 
the forefront of the move into the tele
matique era, their equipment is being 
developed in conjunction with international 
organizations resulting in the establishment 
of international norms. 

France's lead in telematique aIiows 
them to experiment with systems which 
will probably be adopted in other countries. 
In the area of billing, for example, the 
French have developed a magnetic credit 
card with a microprocessor which will 
be inserted into the terminal with each use 
to determine the cost for the specific 
service. 

The overall thrust of the French tele
matique program is the result of a unified 
concept which provides exceptional 
flexibility. Products and services are geared 
to integrate and interfunction so that the 
ultimate possibilities of the telematique 
program depend upon consumer demand 
and imagination. New services may be 
added without substantially altering 
transmission techniques or terminals. 

To obtain an idea of the initial application 
of the telematique program simply imagine 
yourself in a French living room in 1982. 
Naturally you will have a telephone and 
television but a number of new products, all 
using the telephone network, will be at your 
fingertips. An electronic directory will 
enable you to find a telephone number 
without the traditional telephone book. A 
facsimile will permit you to send a letter 
instantaneously. You can use the television 
to book an airplane flight. 

"Your living room becomes an office 
which can handle all of your 
communication requirements," says Herve 
Nora, head of the DGT's new products and 
services division. "And it will be as easy as 
picking up the telephone." 

Electronic Directory 
The first step in the telematique program, 
which could potentially be a major 
problem, is selling the concept to the 
consumer. There is no market research 
which indicates there would be an 
immediate rush to purchase terminals and 
other equipment simply because it is on the 
market. 

But the French have side-stepped this 
dilemma with the decision to provide free 
alphanumeric terminals to replace the 
current paper telephone directories. 
250,000 telephone subscribers in the Ille 
and Vilaine region of western France will be 
the first to get the terminals in 198 1 and 
during the decade the units, which permit 
consultation of daily updated telephone 
subscriber lists, will be progressively 
introduced in other parts of the country. 
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France's tilbnatique program will use the telephone line to bring facsimiles, electronic telephone directories, 
videotex and other sevices into the consumer's living room. 

"We expect to see the complete abolition 
of printed directories in France by 1995 ," 
says Gerard Thery . 

Thery expects that the terminals can be 
produced at less than $ 100 per unit for the 
mass market in France and contends they 
will not only inaugurate the telematique 
program but solve the problem of high 
paper costs and quickly outdated printed 
telephone directories. 

required name on the keyboard to enter the 
system. The number will then appear on 
the display screen. 

"Substituting an electronic directory for 
a paper one solves the problem of getting a 
terminal to the consumer," says Matra's 
Henri Sulzer. "With the entire French 
population as a captive ' market we can 
produce these terminals in larger quantity 
and at low cost - which gives us an edge in 
markets outside France." 

Jean Syrota expects the electronic 
directory to have applications beyond the 
French borders. He predicts that "between 
30- 50 per cent of the electronic directory 
production in 1 985 will be for exports. All 
developed and developing countries face 
the problem of high paper costs for printed 

ADVERTISEMENT 

directories and will see the electronic 
directory as a practical and simple 
solution." 

Videotex 
The terminal for the electronic directory is 
compatible with developments in the 
videotex area and can also be used to 
request information which will appear on 
the television screen. A French videotex 
service will be inaugurated on a test basis in 
3,000 households in the VeIizy area this 
autumn and is the key to two-way data 
processing. The French program involves 
two services based on a common standard: 
• Antiope is the direct one-way broadcast of 
radio signals through the radio network. 
The user selects required data for display on 
the screen using the numeric keys on the 
terminal keyboard. Television broadcasting 
of digital data making up the Antiope pages 
is based on the DrDON system of data 
broadcasting. For transmiSSIOn, the 
DIDON multiplexer divides the con
tinuous flow of coded data into 32-octet 
packets; for reception, the DIDON demod
ulator performs the symmetrical function. 
The result is a fully transparent system. 
• Teletel (derived from the words 
telephone and television) is connected 
directly to information stored in data bases 
through the telephone network. It creates 
an interactive dialogue with the data 
processing centers using the alphanumeric 
keyboard to request information.  

"Teletel is  a video telephone with a 
keyboard," explains Gerard Thery . "It is 
the ideal tool for domestic computer 
communications. " 

Teletel enables both professional and 
horne users to consult a wide range of data 
banks timetables, news or stock 
quotations, for example - or conduct 

Says Jean Syrota, head of the Industrial 
and International Affairs Division (DAII) 
of the DGT, "In 1 979, it took 30,000 tons of 
paper to produce the printed directory in 
France. Each year, because of our increased 
number of subscriber lines, the total 
volume is increased by two million names 
and the total weight of paper will rise to 
1 00,000 tons by 1 985 . In comparison, the 
cost of an electronic directory IS 
substantially less . "  

The M atra group's electronic lelephone directory provides access t o  information without using the tradilional 
paper-bound telephone books. 

Four French manufacturers are 
developing electronic directory terminals 
including Matra, Thomson-CSF 
Telephone, CIT-Akatel's subsidiary TeIic 
and TRT. For the Ille and Vilaine 
experiment, which will gauge and evaluate 
the consumer reaction to the electronic 
directory , two industrial groups will create 
the software and manufacture the 
terminals. CIT -Aka tel and its affiliate 
SESA (Societe d'Etudes des Systemes 
d' Automation) will produce one terminal 
and consultation system while software 
specialists Cap Sogeti Logiciel wiil 
collaborate with computer manufacturer 
ClI-Honeywell Bull and Matra-TRT for 
the second. 

The electronic directory terminal, a 9-
inch black and white screen connected to 
the telephone set, will be linked to the 
consultation data base through the regular 
telephone line. Subscribers will obtain the 
requested telephone number by typing the 
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THIS IS 

The means of achievement 
MATRA has s et up a commu nications 
and tel ematics divi sion which 
develops and distributes systems and 
terminals for business 
communication and new consumer 
s ervices. 
It posses s es special i sed el ectronics 
laboratories and major programming 
resources. The use of mini and 
micro-computers and expl oitation  of 
the facilities offered by 
micro-el ectronics endow MATRA 
systems and equipment with a high 
degree of adaptabil ity and 
extendibility. 
This Division benefi ts from the 
technological support and 
complem entary nature of the Group's 

MATRA 

abilities :  m echanics, 
el ectro-mechanics 

optics, components, 
manufacture and 
marketi ng. 
These resources 
comprise  a rati onal 

has been sel ected as prime 
contractor to produce the three 
satel l i tes for the TELECOM 1 national 
tel ecommunications system to be put 
into operation by the French 
Tel ecommunications Authority i n  
July 1983. 
MATRA has been sel ected for the new 
Tel ematics projects of the French 

PTT: "Tel etel Vel izy", "Termi nal 
annuaire", "Util ity facsimil e". 
Efficiency, fast response, and top 
performance have turned MATRA into 
a regular chall enger of the biggest 
companies in  internati onal 
competiti o n .  

chall enge us 
MATRA BP 1 ,- F 78140 VELIZY 

industrial group facilitating the 
development of the Commu nications 
and Tel ematic activities.  

PERITEL Co l eads the French 
market in peripheral tel ephone 
systems, mobil e 
radiocommunications and small 
switching systems. 

PICART LEBAS Co (TPL) is the 
l eading French Keysystem 
manufacturer. 

"Co nstructions Tel ephoniqu es 
DEPAEPE" Co is  the leading 
European telephone set manufacturer. 

Now, MATRA Group has the 
facil iti es of a "COMMUNICATIONS 
and TELEMATICS" branch which 
is  able to design, develop, 
manufacture and comm ercial ize mass 
production equipm ent and specific 
systems. A major part of 
the operations is  carried out 
on behalf 
of the French PTT. 

• electronic telephones 
and peripherals 

• keysystems - PABX 
• facsimile 
• videotex 
• land mobile radio 
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multiple transactions - such as banking 
operations, booking flights or ordering 
goods. To date, over 200 companies have 
contracted to hook up with the system. For 
the Velizy experiment, for example, the 
French railways will provide a home 
booking system. 

"The possibilities of TeIetei are 
limitless," says Herve Nora. "We have 
developed a software and hardware system 
which could be adapted in any other 
country. One of the primary advantages is 
that there is no central computer system 
involved. Participating companies are 
interfaced with the network and have 
complete control over their software." 

ADVERTISEMENT 

A separate Teletel terminal, being 
developed by Thomson-CSF Telephone, 
consists of a decoder, modem and 
alphanumeric keyboard which can either be 
assembled as an external adaptor connected 
to a television receiver, or integrated into a 
television set at the time of manufacture. 
The Teletel user will reach local hosts on 
the normal telephone network but will 
employ the TRANSPAC network for 
longer distances. 

Thomson-CSF Telephone has entered into agreement with an American company for worldwide distribution 
rights/or its facsimile transceiver. The desk lOp facsimile is capable of transmiuing a standard page of paper ill 
two minutes over the telephone line. 

M ass Fax 
Another product in the telematique 
program is a low cost (about $500 per unit 
according to current estimates) consumer 
facsimile transceiver which will permit 
transmission of a page of paper through the 
eXlstmg telephone network. This 
equipment, scheduled for delivery next 

March, will be automatic for the receipt of 
documents up to 2 1  x 20.7  em and can also 
be operated as a simple photocopier. 
Transmission will take between 40 seconds 
and two minutes. 

The consumer facsimile, or mass fax, 
complements the Telefax service launched 
for business offices and government 
agencies in November 1978, based on 
Group Two machines, and a number of 
firms are developing units aimed at small 
businesses and private homes. 

"The facsimile represents a 
communications medium with the abil,ity to 
transmit any written material within a 
significantly short period of time," says 

This home terminal was developed by Thomson-CSF Telephone for the French videotex network which 
becomes operational in the Paris suburb of V elizy later this year. It is connected directly through the telephone 
network to information slOred in data bases. 
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Thery. "It is  the natural complement of the 
telephone and gives users the advantages of 
hard copy and data communication." 

Thery believes that between 10- 15 
million telephone lines in France will be 
equipped with facsimile units by the early 
1 990s and contends future prices will be 
even lower than current estimates when the 
mass market is adequately developed. He 
also feels the facsimile will be used to make 
copies of material received through the 
videotex network. 

French companies involved In the 
production of consumer facsimiles 
acknowledge that a large market is required 
to achieve a unit price of $500 but are 
convinced the telematique program will 
give them a realistic shot at that figure . 

"Y ou need a large scale market for the 
consumer facsimile to produce components 
at a reasonable price," says Thomson
CSF's Carpentier. "The telematique 
program will provide a domestic market 
which will also give French producers an 
opportunity to sell mass fax abroad at very 
competitive prices. " 

Thomson-CSF has already entered into 
an agreement with 3M in the United States 
for worldwide distribution rights to its 
desktop facsimile which is capable of 
transmitting a page of paper over the 
telephone network in 2 minutes. The 
reproduction .device is by means of an 
oscillating strip of 576 points on thermo
sensitive paper and the reading device is an 
analysis of each line with a light-sensitive 
strip of 1 ,728 points. 

Matra has developed the Matrafax G3 
telecopy machine which uses coming and 
going carriages supporting a photo-sensor 
ensuring the simultaneous reading of 16 
lines for both reading anti reproduction on 
light-sensitive paper. The company has a 
technology exchange agreement with 
Olivetti. 

SAGEM (Societe d' Applications Gener
ales d'Electricite et de Mecanique), a 
company with a long and successful history 
in the production of teleprinters, has 
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manufactured a consumer facsimile with 
corning and going carriages supporting a 
photo-sensor ensuring the simultaneous 
reading of eight lines. 

Telewriter 
A fourth product which will be associated 
with the initial stages of telematique 
program is a telewriter which permits the 
simultaneous transmission of written 
material. The system uses multiplexing 
techniques which allow input from a 
pressure sensitive graphic tablet 
manuscript or sketch - to be conveyed in 
the segment of the speech bandwidth 
between 1 5 50 and 1 950 Hz. Both ends of 
the telewriter are identically equipped with 
a specially modified screen to display local 
and received copy . The same image is 
presented to both users who are each able to 
transmit at the same time. 

French manufacturers and government 
officials stress that the telematique program 
will expand into many other areas, such as 
electronic banking, once it gets off the 
ground. 

"Virtually any type of communication 
can be handled when telematique gets 
going, "  says Herve Nora. 

In addition, manufacturers point out that 
telematique products and services are not 
confined to national programs. Most 
companies envisage the adaptation of tele
matique-oriented services to a variety of 
different applications. 

"We're setting' up a replica of the tele
matique program with electronic 
directories, consumer facsimiles, teIetel -
within our company," says Thomson
C S F's Carpentier. "Services like the 
electronic directory can be employed for a 
company , a city or an entire country." 

Private Telephony 
The progress the French have made in 
modernizing the country's internal network 
has had a formidable impact throughout the 
entire telecommunications industry. In 
fact, there is not a single area in which 

French manufacturers have not made 
considerable developments. 

A competitive private telephony sector, 
for example, has produced a varied product 
range which rivals that available in any 
other country. 
• CIT -Akatel has a full range of private 
branch exchange (pabx) units available 
which meet international standards and can 
be connected to all telecommunications 
networks. The exchanges, manufactured 
and marketed by the company's subsidiary 
Telic, are entirely electronic, have 
microprocessor stored program control, 
thyristor crosspoint speech matrix and 
removable slide-in printed circuit boards. 

"Our overall product development has 
enabled us to move into this end of the 
electronic switching market," says Jean
Yves Leclerc, a Telic director . "Our US 
subsidiary has just installed a 600 line TeIic 
2505 exchange at a hospital in Indiana." 
• Thomson-CSF Telephone has also 
created its own range of pabx equipment, 
the P series, with a stored program 
electronic system catering to capacities 
from 6-300 network lines. 

"Our P series is really a telematique 
product in itself," says Carpentier. "In the 
future it will play the role of a computer 
which coincidentally serves as a switching 
system. " 
• SAT has entered the electronic switching 
arena with transit switching systems and 
subscriber automatic exchanges. The 
latter, the Telecom series, features digital 
tdm switching and stored program control 
techniques. 
• Jeumont-Schneider has an entire range of 
pabx's using tdm switching, pcm coding 
and third generation microprocessors. 
Their TLC 10 was the first pabx to use tdm 
technology and can be employed with video 
telephones and high speed data 
transmission units. 
• Peritel, the peripheral telecom
munications arm of the Matra group, has 
licensed its Peri tel I II  pabx with Digital 
Telephone Systems in San Francisco. 

A Tilic eleclronic private automalic branch exchange (pabx) is being used by a New York bank. 

THE NETWORK SPECIALISTS 
SESA, a French company 
associated with the C IT
Alcatel group, has become the 
world 's leading data network 
special ist. 
DPS 25 is one of the most 
advanced packet switching 
products on the world market. 
Thanks to DPS 25,  France wi l l  
have 1 7 .000 "TRANS PAC» 
subscribers in 1 983 . 

SOCIETE D'ETUDES DES 
SYSTEMES D'AUTOMATION 
30 Quai National 92806 Puteaux 
tel .  776 .4 1 .00 telex 61 0022F 

SESA Inc.  49 1 Carl isle Drive 
H E R N DON (Virgin ia 22070) 
Tel . (703) 471 .54.93 
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Here are some telephone 
services that sooner or later cou ld 
be offered to telephone customers 
. . .  th roug h ITT's new System 1 2  
telephone exchanges .  Which ser
vices wou ld you choose? 

D An electron ic telephone d i rec
tory - so you r  phone wi l l  look 

up the n u m bers you want 

D Shopping from home - a  TV 
screen on you r  phone wi l l  

show you a selection , you ' l l  order 
by pushbutton 

D Electron ic mai l - you ' l l  send 
and receive letters by a pr i nt

i ng  device i n  you r  phone 

D A telephone i nformation ban k 
- to let you cal l u p  data from 

central fi les by pushbutton 

D Ban ki ng by phone - your 
phone wi l l  flash you r  check

i ng acco u nt balance ,  and let you 
pay b i l l s  fro m  you r chair  

D Newspaper by phone - a  
mac h i ne i n  the phone wi l l  

receive and pri nt the morn i ng 
paper wh i le you ' re sleeping 

D Lo ng d istance busi ness con
ferences - you ' l l  " meet" with 

busi ness associates over a phone 
that carr ies you r  pictu re as wel l  as 
you r  vOice 

D I nstant travel service - yo u r  
phone wi l l  f lash u pdated trai n 

and ai rl i ne  sched u les on com puter 
screen (and then book seats for 
you)  

D Telephone alarm system - wil l  
automatical ly sig nal pol ice or 

fi re department when you r  home 
alarm goes off 

I mag i nary? Not at al l .  
Many of these th i ngs are al

ready avai lable (or soon wi l l  be) 
th roug h In tech nology. 

And as newer and newer 
customer featu res co me along , 
they' l l  al l be easi ly accom modated 
by ou r System 1 2  telephone 
exchanges .  

These exchanges are total ly 
new, total ly d ig ital . And so flexi ble 
that advanced customer featu res 
can be added without any i nterru p
tion of you r  telephone service.  

I nev itab ly, as the world 's 
demand for voice and data com
m u nication g rows, we' re moving 
toward a total i nformation del ivery 
network - bu i lt around serv ices l ike 
these , 

I t 's what we at ITT cal l  
Network 2000�M A fu l ly d ig ital net
work,  with fu l ly d istri buted control , 
easy to expand and change as 
customer needs change .  

There's on ly one exchange 
system in the world that m eets 
al l  the futu re req u i rements of 
Network 2000 . 

I TT's new System 1 2 .  
COM PAG N IE GENERALE ITT D E  CONSTRUCTIONS TELEPHONIQUES 
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Are you sti l l  searching for a source of low cost 
display terminals for less than $350, or a cost 
effective Teletel videotex system from as low as 
$1 0,000? 

Or is it a price cutting facsimi le terminal for less 
than $1 ,000, you are seeking? Or perhaps a ful l  
audio g raphics teleconferencing studio package for 
a round $30,000? 

These developments have been made possible by a 
national commitment to create an information-based 
society in France . Should your company be attracted by 
any of these products , please contact us at the address 
g iven below. 

I ntelmatique, a non-profit making organization created 
by the French Adm inistration , is dedicated to assist 
foreign interests to acqu i re a better understanding of the 
benefits of the Teh§matique Prog ram . 

I n  this supporting role it is able to offer a free advisory 
service , to engage in col laborative experimentation and 
to assist in  the def in it ion of relevant solutions to your 
p roblems. 

.��. inlelmatiQue 
111 ill Tou r  M aine-Montparnasse 

_ _ B . P. 1 1 8  - 7501 4 PAR I S  

� � Telephone (33- 1 ) 3 2 0 . 1 3 . 2 6  �� .. � Telex : 2 031 85 - T E L E M AT A 

... -�". /� 

Innovations 
French companies have made considerable 
developments in other fields of 
telecommunications and a wide range of 
products has been created to complement 
digital transmission and the telematique 
program. 
• CIT-Alcatel has developed the Celtic 
telephone concentrator system for use with 
submarine cables or satellites . Last 
January , AT &T ordered the system, which 
increases transmission capacity on long
distance links by utilizing the idle time of 
conversations , for a submarine link 
between Florida and the Virgin Islands. 
• SAGEM, which developed the world's 
first transistorized teleprinter in 1 962, has 
refined a new generation of printer 
terminals using microprocessor-based 
software which controls the modules and 
peripherals. 
• Sigma Industries has created and 
manufactured a springless alphanumeric 
keyboard using magnets to support the 
keys .  Inventor and company president 
Edouard Serras-Paulet says each key can be 
depressed 10 million times before showing 
signs of mechanical fatigue . 
• Matra, in collaboration with the CN ET, 
has developed a video telephone which is 
being used in an experimental network 
serving over 1 00 subscribers in four cities 
located 5 60 kilometers apart. 
• TRT has manufactured a transmulti
plexer which facilitates the introduction of 
digital equipment into an analog telephone 
network allowing the coexistence of both 
transmission techniques . 
• Compagnie Generale d' Automatisme has 
begun operating a coinless public telephone 
which is primed when a magnetic credit 
card is inserted into the unit .  Cards are 
purchased for a fee and the cost of a call is 
d educted with each use . 

Exporting Know-How 
Naturally the technological processes, 
innovative products and new services 
discussed in this report are only an 
abbreviated version of the total activity in 
the French telecommunications industry . 
But they are an indication of the 
productivity and prosperity in the country's 
telecommunications sector . 

Most observers of recent French progress 
feel the true test of the quality of French 
equipment - from the large tdm switching 
systems to the developing telematique 
products - will depend on how it  is accepted 
in other countries . There is little question 
that French manufacturers are taking an 
increasingly active role in forming 
attachments with international markets . 

"No large European country nowadays 
can make profits by staying within its own 
borders ," says the DGT's Gerard Thery . 
"A national priority for the past five years 
has been to modernize the French network. 
As a result of our achievements ,  it is now 
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FRENCH� rELECOMMUNICATIONS ADVERTISEMENT 

l)holOgraph courtesy of SCORF 

French companies attend numerous incernational trade shows to promote teiematique products developed for domestic and incernational markets. 

imperative that we export our products and 
expertise . " 

Jean Syrota , head of the DAI I ,  believes 
French exports will increase substantially 
during the next five years . 

" French firms sold $600 million worth of 
telecommunications equipment outside 
France in 1 979 and had orders for another 
$92 5 million ,"  he says.  "This amounted to 
19 per cent of the total industry turnover . I 
expect that in 1 983 ,  exports will account for 
30 per cent of turnover and that this will 
increase to about 50 per cent of the turnover 
in 1 985 . "  

Because o f  the country's  domestic 
expansion program the French government 
has been , in many cases, the largest 
customer of French-manufactured goods . 
To assist in the export effort , the 
government has formed promotional 
offices to advertise French progress and 
products . France Telecom Inc. has been 
established in New York ( 1 270 Avenue of 
the Americas , New York, New York, 
10020, Telephone:  2 1 2-977-8630) and 
Singapore to act as a coordinating center for 
foreign companies seeking information 
about the progress made in the French 
network and the range of equipment 
available.  Intelmatique has been 
established to promote telematique-related 
products . 

"The expertise developed in France is 
just spreading beyond the border,"  says 
Marie-Monique Steckel , president of 
France Telecom Inc. in New York . "Other 
nations are just beginning to realize the 
international applications of French 

products and services . "  
French companies believe their recent 

progress has given them a head start in 
many areas of telecommunicaions and agree 
the US and other export markets are a major 
priority . 

"We are looking for intelligent 
partnerships with American companies for 
a wide range of our developments , "  says 
Thomson-CSF Telephone's director of 
marketing Pascal Lusseyran, who notes 
that 40 per cent of the parent company's 
total sales of $3,700 million last year 
were outside France. Thomson-CSF is 
represented in 90 countries through 
subsidaries , delegations or representations . 

CIT -Akatel's international department 
director, Francois-Xavier Mont jean 
concurs "If our exports to the U S  become 
very large, local production is a necessity 
and that often requires some form of 
association with an American company . "  

I n  fact ,  most French companies are eager 
to enter the US market in one way or 
another. 

Edouard Serras-Paulet of Sigma 
Industries has commissioned an American 
company to study the establishment of 
production facilities in the U S .  Matra is in 
the process of establishing distribution 
agreements for its Matrafax in Japan and 
the U S .  Telic's Leclerc says his company is 
looking for an American partner to increase 
sales of  the company's pabx line . TRT's 
export manager Bernard Goutay is 
discussing licensing arrangements in other 
countries for the company's analog-to
digital transmultiplexer . 

Although the French have a presence in 
international telecommunications markets 
it  remains to be seen how successful they 
will be in marketing their digital technology 
and consumer products associated with the 
telematique program . Have their recent 
advances given them a significant 
technological edge ? 

Says Barry Domber, who was vice 
president of planning at Tele/Resources 
I n c .  in New York before joining Jeumont
Schneider earlier this year , "The French 
have simply been more innovative in many 
sectors of telecommunications - digital 
transmission and the telematique products 
for example - than other countries and that 
should pay off. " 

Adds former ITT senior vice president 
Frank Barnes , "The future of the French 
presence in the United States and other 
countries depends on the availability of 
service and support . The best opportunity 
they have is in areas where they are 
developing special products which aren't 
yet in other marketplaces - like their 
electronic directory , consumer facsimile 
and videotex products . "  

Concludes the CNET's Maurice 
Bernard , "The products we are developing 
are geared for use worldwide and have 
international applications.  We would like to 
see more international scientists participate 
in our research and development programs 
and obviously we would like to see 
developments resulting from this research 
and development like digital technology 
and telematique - related products , find a 
market outside France . "  
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THOMSON - CSF : ONE OF THE WORLD LEADERS IN TELEMATICS 
Telecom m u n i cations and D ata 
P rocess ing are among the f ields which 
have g rown most rapid ly i n  recent years. 
The i ncreas ing convergence achieved 
i n  the two fields, made possib le through 
general evol ution i n  e lectronics ,  has led 
to the emergence of a new tech nology 
known as "telematics". 

T h i s  new means of com m u nication 

which ,  through the h ost of poss ib i l it ies 
it can offer to data col lection ,  storage,  
process ing ,  handl ing and transmiss ion ,  
g ives an entirely new d imension 
to cu rrent u sage and also opens u p  a new 
era i n  pr ivate and professional  
appl ications .  

The requ is ite d ivers ity of tech nologies 
and fac i l it ies cal ls for a broad s pectru m  

o f  capabi l it ies i n  systems design 
and i n  the development of com ponent 
parts and associated software. 
THOMSON -CSF can s u pply both 
the necessary eq u ipment and software 
and, furthermore possesses an exten sive 
experience in the des ign 
and impiementation 
of telecom m u nication networks 
and d i str ibuted DP systems.  

� � ntOMSON-CSF • 23 , RUE DE COURCELLES I B .P. 96-08 
75362 PAR IS  CEDEX 08 1 FRANCE 
TEL .  : ( 1 )  563 1 2 . 1 2 
THOMSON-CSF Inc. I 75 .  Rockefel ler P laza 
NEW YORK. N .Y. 1 001 9 I Tel. : (1 .2 1 2 )  9 7 7  22 .00 
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BOOKS 

Analytic approaches to coal and other energy 

sources as alternatives to petroleum and gas 

by Philip Morrison 

C
OAL-BRIDGE TO THE FUTURE: RE

PORT OF THE WORLD COAL STUDY, 

Carroll L. Wilson, project di
rector. Volume 1. Ballinger Publishing 
Company ($12.95). ADVANCES IN ENER

GY SYSTEMS AND TECHNOLOGY: VOLUME 

II, 1979, edited by Peter Auer. Academic 
Press, Inc. ($29). The big tankers pass in 
unending procession both ways from 
the mouth of the Persian Gulf, either 
around the Cape and up to Western Eu
rope or across the lonely Indian Ocean 
and north to Japan. That flow is now 
strong, but it seems sure to decline. Oil 
has supplied four-fifths of the increase 
in energy use in Western Europe and 
Japan during the past two decades of 
rapid economic growth and profligate 
use of cheap energy. The next 20 years 
too will require fuel, even with modest 
growth, even with new care for frugal 
employment of always more expensive 
energy. Perhaps the still unmatched oil 
reserves of the Persian Gulf will some
how flow cheaply and copiously, but 
more likely it will never happen again. 
Uniformly dwindling expectations for 
nuclear reactors can also be document
ed. This study makes a clear case for a 
practical if transient return to an old
er solution. Coal can bear the largest 
share of the growth in world fuel needs 
for the next generation. It was coal that 
fueled the industrial world before 1960; 
its time will come again. 

Oil today provides the measure of 
large-scale transformation of energy. 
Worldwide oil production (1978) was 
more than 60 million barrels per day, 
half of the total energy consumed. 
About 30 million barrels of this amount 
surfaces in OPEC lands (20 million 
flowing out of the Persian Gulf alone). 
Natural gas added the equivalent of 
about 20 million, distributed mainly by 
pipeline, and coal furnished the equiva
lent of about 30 million barrels of oil per 
day. Most of the coal is consumed in the 
producing countries; among them the 
U.S.S.R., China and the U.S. produce 60 
percent of the coal today. 

Coal is sold on the buyer's terms; it is 
dangerous to produce, not easy to trans
port, difficult and dirty to burn. Yet we 
hold it in plenty: the reserves of coal 
dwarf the oil pools of the world. The 

present market offers oil not far from 
$30 per barrel, but coal can be mined 
and hauled across an ocean for between 
$30 and $60 per ton. About half of the 
cost is that of mining and half is that of 
the several links in the transport chain. 
In energy terms a ton of coal is worth 
five barrels of oil. That $100-per-ton 
margin is available to make coal safe, 
clean and usable. British practice offers 
safe underground-mining standards; ec
onomic transport by special train and 
ship is workable today; removal of the 
dust and the sulfur content both before 
and after combustion are technologies 
at hand, although development contin
ues. It appears that the cost of the entire 
set of improvements needed, from coal 
face to ash disposal, lies well within the 
oil-coal price difference at present, and 
that the complex investments necessary 
to claim coal's energy are fully within 
reach of the big economies. 

It is clear that coal must be burned 
well. Indeed, the chief costs, beyond 
land reclamation and mine health and 
safety control, are incurred at the point 
of burning. The use of coal will there
fore remain dominated by burning in 
big and well-managed grates to raise 
boiler steam in central electric-power 
stations. Coal for metallurgical reduc
tion-coal as a reagent as well as a fuel
is indispensable but is secondary in 
quantity. Industries such as cement that 
need high process heat can convert to 
coal, at least in large plants. Home heat
ing will not be an important use. Coal
burning ships are on the way back, and 
coaling stations will once again serve 
them around the world. The main con
sumers, however, must be the electric 
utilities, ending most present or future 
employment of oil to raise steam. Some 
coal will go to supply the synthetic liq
uid fuels, gas and oils, but it will not be 
the biggest fraction. 

The power stations of busy Japan, a 
cautionary example, now supply elec
tricity that is only 4 percent derived 
from coal; it looks reasonable that coal's 
fraction there will grow threefold by the 
year 2000. The tankers must still parade 
in from the Persian Gulf, from Indone
sia and perhaps from Alaska, but with 
them will ply big coal carriers out of 

Plant a THINK TANK anywhere 
and watch the minds grow! 

home·ollice·school·park·club·churches·laboralory 

Unique instructional games designed by uni· 
versity professors to make learning fun through 
brain·to·brain action. Beginning games can be 
mastered by young children - final games will 
challenge Intelligent adults. These are the 
famous GAMES FOR THINKERS from WFF 'N 
PROOF Publishers. 
WFF 'N PROOF (logic) 
QUERIES 'N THEORIES(sci & lang.) 
EQUATIONS (mathematics) 
ON·SETS(set theory) 
PROPAGANDA (social studies) 
ON·WORDS(word structures) 
CONFIGURATIONS(geometry) 
TRI·NIM (problem solving) 
REAL NUMBERS (arithmetic) 
WFF (beginner's logic) 
QWIK·SANE (topology puzzle) 
TAC·TICKLE (pure strategy) 
TEACHERS MANUAL 
M EDITA TION GAM E (pure strategy) 
THINKERS BOOKENDS 

$16.00' 
16.00' 
13.00' 
13.00' 
13.00' 
13.00' 

7.75' 
6.75' 
2.75' 
2.75' 
2.75' 
2.25' 
2.00' 
2.25' 

19.00' 

Complete 13-Kit THINK TANK & Teachers 
Manual 

with Bookends 119.50' 
without Bookends 106.50' 

'includes postage & handling charges 

Order from WFF 'N PROOF 
1490-ZL South Blvd., Ann Arbor, Mi. 46104 

Fully guaranteed. Dealer inquiries invited. 

Gifts that are a COMPLIMENT to receive' 

FREE 
ICE LANDIC WOOL 

CATALOG & SWATCH 
Landau offers the world's 
largest selection of men's, 
women's and children's 
Icelandic woolen pro
ducts. Exquisite jackets, 
ponchos, coats, hand 
knit sweaters, mittens, 
scarves, hats and more. 
Experience the natural, 
undyed colors, durability, 
water repellency and in· 
credible warmth without 
weight unique to Icelandic wool. Every catalog 
carries a wool swatch so you can examine first· 
hand what makes this superb wool an invest· 
ment in luxury for years to come. Use the 
coupon or call TOLL FREE 800-257-9445; 
N,J. Residents 800· 792·8333. , . 

Call Toll Free Or Send For Your 

FREE CATALOG 
And Free Icelandic Wool Swatch. 

-- - - - -- - - -

I lANDAU-Dept. SA·09 

P.O. Box 671, 114 Nassau St 

I Princeton, NJ 08540 

I Please rush my free full color Landau Icelandic wool 
catalog and free wool swatch. 

I 
I 
I 

Name ________________________ __ 

Address ______________________ _ 

City/State/Zip ___________________ _ 

I Visit Shops In Princeton. NJ/Manchester. VT. J 
... - - - - ---- - -
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"The Physicist's 
Fire' 

"Hot, even, slow-burning . • •  easy to start" 
is how TIME (12122/75) described the elegant fire 
designed by physicist Lawrence Cranberg. 

Place logs on the novel Texas Fireframe ® grate 
to fonn a cavity which opens to you. Ignite paper in 
the cavity. Eureka! The fire takes hold quickly, 
spreads, burns evenly, steadily in the cavity. That 
means the cavity throws a beam of radiant energy 
at you, so the fire is hot, efficient, fuel-saving. 

Texas Fireframe's anus are height-adjustable
the key to easy set-up, unique control of the fire. 

'Tranberg's conception of the radiation pattern 
... is correct." SCIENTIFIC AMERICAN 

"The big advantage is the steady, slow-burning 
fire that results." THE NEW YORK TIMES 
Welded, heavy. steel bars. Model S-2S: 25" front width. 
21" back width, 13" deep. 15" high. Model U-2S: 25" x 21" x 
IS" x IS". Model U-17: 17" x 14" x 13" x 13". Model U-33: 
33" x 29" x IS" x 15". Copyrighted Instructions. 

__ S-2S @ $42.95 (26 #) __ U-2S @ $42.95 (28 #) 
__ U-17@$34.9S(20#) __ U-33@$S4.9S(3S#) 

Add 10% for shipping in U.S. Check for $ __ enclosed. 

Name ____________________________ __ 

Address __________________________ _ 

City State __ Zip ____ _ 
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TEXAS FIRE FRAME CO. 
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Ohm's 
Law 

Ohm defies the laws 
of loudspeaker design_ 
And the results have been 
rave-reviewed. 

You can read what 
the audio critics are saying 
about the entire line of 
unconventional Ohm 
loudspeakers, by writing 
Ohm: 241 Taaffe Place, 
Brooklyn, N.Y. 11205. 

(�J� 
We make loudspeakers 

correctly_ 

ports such as Newcastle in southeast
ern Australia and San Pedro in Califor
nia. It is New South Wales, West Vir
ginia and the American West that will 
be the new Persian Gulf, the sources of 
most new flows of energy in internation
al trade. Canada, South Africa, Poland 
and the U.S.S.R. will offer the bulk of 
the rest. Most of the coal will continue 
to be consumed in the country of its ori
gin, but the seas will deliver coal to the 
ready ports of the Low Countries, Japan 
and the newer industrial lands of Asia. 
A ten- or even fifteenfold rise in interna
tional coal trade is foreseen, within an 
overall doubling or more of total coal 
consumption. Even such an expansion 
will not rival the physical flow of oil 
across the oceans: the most generous 
extrapolation shows a coal trade that 
amounts to maybe eight million barrels 
of oil per day, less than a third of the 
future flow in scarcer oil. Some appre
ciation of the scale of the world's con
sumption of oil can be gained by the 
observation that a million barrels per 
day measures the energy transformed 
by close to 40 big modern central power 
stations. 

One barrier stands in the way of coal: 
the unknown but suspected risk of 
worldwide climate modification by the 
influx of manmade carbon dioxide into 
the atmosphere. Coal-Bridge to the Fu
ture. a quick, clear and lively report 
that summarizes the work of small ex
pert teams from 16 coal-consuming and 
-producing countries, finesses that issue 
sensibly if sketchily. These experts rec
ognize the danger, and they argue only 
that by the year 2000 no large effect can 
be expected. A long-run solution must 
go beyond their exercise in continuity. 
Hence the title: coal is only a bridge to 
another stage, no sure causeway to an 
indefinite future, in spite of the huge 
reserves. Only nuclear energy, whether 
that released on the earth or that re
leased within the sun, can promise more 
until we have sure forecasts of climatic 
change. 

This book is the first volume of two; 
the second one, not available as this re
view goes to press, will be thick, techni
cal, narrower. It will carry the studies 
country by country. Volume 1 brings 
overall results, with broad support by 
summary data, and a two-page energy 
accounting, present and projected, for 
each of the 12 OECD countries that par
ticipated. The additional participation 
of Poland, India and Indonesia, and to 
a degree of experts from China, has 
much widened the value of the study. 
We miss indexes, lists of tables and sim
ilar apparatus. 

A reader is left musing at the invisibil
ity of the coal miner, the man or woman 
close to the coal face who supports it all. 
A few sentences recognize the "skilled, 
specially trained work force" required 
for underground mining, "one that re-

gards itself quite properly as a separate 
profession." We are given no inkling, 
however, of the numbers and circum
stances of the worldwide training and 
supply of what must be a million new 
miners. Will enough Aussies go down 
into the pits? We are told that over the 
decades most coal will still have to be 
won in that savage underground, al
though for the time being it is the near
surface deposits that will be heavily ex
ploited. This neglect of the economics of 
essential labor is the one serious gap in a 
very readable and specific account of 
the future of coal. Eventually one would 
also like to know more about the prob
lems of disinvestment if the rising tide 
of carbon dioxide proves to be a serious 
hazard. 

So much for continuity, which is 
mainly resource economics. Now for in
novation, which takes the form of seri
ous engineering advocacy. Advances in 
Energy Systems and Technology, edited by 
Peter Auer of Cornell University, is the 
second of an annual series offering crit
ical reviews of energy issues at a fairly 
technical level, each the length of sev
eral journal articles. Four pieces make 
up the 1979 issue; the latter two are 
primarily economic in their approach. 
One of them examines on-site solar en
ergy in buildings, with emphasis on sys
tem scale and the proper treatment of 
the complex matter of discounts over 
an uncertain future. The cost of solar 
energy is of course dominated by initial 
expenditures, and the subject is assured
ly a subtle one. 

The other piece is an even more so
phisticated study of supply-and-demand 
models for energy-system assessment in 
the large. Both of these reviews will tax 
the general reader. It is certainly inter
esting to learn that all three models of 
the U.S. energy system used in 1975 to 
study the economics of synthetic fuel 
programs estimated "negative net bene
fits." The official task force that had 
asked for the computer modeling "did 
not adopt the results." There was con
flict between the models and the pub
licly announced million-barrel-per-day 
goal of President Ford. "Either the 
model takes all contingencies of interest 
into account, or the decision makers 
mistrust the ability of the model to rep
resent the real world" of political and 
economic interest. 

The other two pieces are some 50 
pages each of fascinating conceptual 
engineering. Both examine solar power, 
not the homely kind of the roof collec
tor or the hoped-for photovoltaic cells 
but large-scale inputs picked up by nov
el advanced technology, one on the high 
seas, the other even higher, out in geo
synchronous orbit. 

Sea thermal power is the goal of 
J. Hilbert Anderson, a senior engineer 
with long experience in the refrigeration 
industry, and a younger collaborator, 
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At Fuji. we realize that 
while you might appreciate 
the workings of the tiniest 
computer chip or the most 
intricate electronic system, 
you don't necessarily know 
the di1ference between an 
aperture and a focal length. 

. As a result, you might be 
settling for photographs that 
leave a little something to 
be desired. 

W h i c h  i s  w h y  w e've 
developed the new Fujica 
AX-S, the most advanced 
SLR in the world. A camera 
that knows what to do even 
when you don't. 

A COMPUTER THAT CAN SAVE 
YOU FROM YOURSELF. 

Central to the AX-S is a 
7,OOO-element cybernetic 
c o m p u t e r  s y s t e m  t h a t  
checks and adjusts for cor
rect exposure up to t h e  
instant the shutter fires, auto
matically compensating for 
bccidental over- and under
exposure. 

We've even put LED's 
right in the viewfinder so you 
have complete exposure 

Information without losing 
sight of your subject. 

SIX EXPOSURE MODES. 
DO-IT- YOURSELF. OR DON'T. 

The AX- S 's exposure 
modes range from fully man
ual to fully automatic. 

If you want challenge, 
there's  m a nu a l  control. 
allowing total flexibility. Auto
matic aperture priority for 
depth of field. Automatic 
shutter priority for fast action. 
An automatic stopped
down mode for. u s e  with 
highly specialized acces
sories. And auto-flash expo
sure for error-free flash 
photography. 

Finally, there's a fully 
automatic mode that does 
all the work for you, leaving 
you free to concentrate on 
the moment, rather than the 
mechanics. 

EXPANDING YOUR OPTION S. 
In addition to our new 

computer system, we have 
an optional auto winder, 
twin-head electronic flash, 
even a data back with a 
unique light pen that allows 

you to write directly on the 
exposure. 

And the AX-S accepts 
t h e  new b ayonet mount 
F u j i n o n  l e n s e s. T h e i r  
patented Electron' Beam 
Coating eliminates flare for 
absolutely clear pictures. 

THE BETTER THE FILM, 
THE BETTER THE PHOTOGRAPH. 

Go o d  f il m  c a n  o n l y  
complement any camera. 

So after you've invested 
both time and money in the 
AX-S or one of our other new 
SLR's, invest in a film that's 
deSigned to help you get the 
most out of your picture tak
ing: Fuji film. 

At Fuji, we worked as 
hard perfecting our film as 
we did perfecting our new 
cameras. 

FUJI. BEC AUSE A MEMORY HAPPENS ONLY ONCE. 
For a free brochure telling all about our new camero line, write us at Fuji Photo Film. USA. Inc .. Box Y5. 350 Fifth Avenue. New'lbrk. New'lbrk 10001. 
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David F. Mayer. They describe and fig
ure a prototype power plant, a free
floating marine structure like an off
shore oil-drilling rig, in steel or alumi
num at about 25,000 tons displacement 
("not unusual today"). Floating in trop
ical seas, a sloping screened perime
ter would admit the shallowest layer of 
sun-warmed water, pumped at 30 tons 
per second to heat the big evaporators. 
There a volatile working fluid (a halo
carbon or simply propane) is set boiling 
to drive the high-efficiency vapor tur
bines that turn the generators. The va
por is recondensed by cold ocean water 
pumped from the depths. Solar energy is 
thus collected over enormous areas and 
around the clock. The scheme goes back 
to 1881, when Jacques d'Arsonval pro
posed such a closed-cycle plant with 
ammonia as the working fluid. One of 
d'Arsonval's students, Georges Claude, 
built an actual system off Cuba 50 years 
ago, but it had an open cycle, with the 
seawater itself as the working fluid. The 
prototype was damaged by storm and 
was given up. A still larger project was 
begun by the French government in the 
1950's but was abandoned for a variety 
of reasons. 

This scheme in the broad sense has 
been under study by the Department of 
Energy for about a decade. It has grown 
into the largest solar-electric project in 
the DOE program, and there is now a 
component-test system off Hawaii. Sev
eral studies have offered competing de
signs and estimates; the Anderson arti
cle centers rather on his own ingenious 
features. One is the vertical cold-water 
intake pipe, which is a monster, 10 me
ters in diameter and 1,000 meters long. 
Anderson's patented design looks to 
building this tube as a stockade of light
ly linked lengths of standard pipe. It is 
assembled on site, the pipes loaded with 
oil or gas for neutral buoyancy. The 
heat exchangers, the heart of the plant, 
are equally apt. They are modular as
semblies of moderate-gauge aluminum 
sheet separated by spacers and sealed 
with rubber, without welds or precise 
joining. Such light and leak-tolerant 
construction is made possible by pres
sure balancing. 

The heat exchangers are submerged 
to a depth such that the head of external 
seawater pressure about matches the 
modest pressure of the working fluid. 
Leaving a head of a few meters of water 
as leeway, the pressure balance is cho
sen to be slightly inward, quite adequate 
to prevent the loss of working fluid, at 
the small expense of separating some 
immiscible seawater during operation. 
The modules would be arranged to al
low individual sealing off from the main 
flow. A particular shutdown module can 
then be defouled by circulating within it 
a slurry of water, sand and detergent to 
restore bright metal surfaces even dur
ing routine operation. It is worth recall-
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ing that there is a total of 120 acres of 
metallic heat-transfer surface. Finally, 
there is a patented de aeration system, 
which removes dissolved gases under 
vacuum. The oxygen-short water inhib
its corrosion and the growth of fouling 
organisms; the outgassing of dissolved 
carbon dioxide provides a source for or
ganic synthesis and makes possible the 
controlled disposal of carbon dioxide 
at depth if a large-scale flow of carbon 
dioxide from the gas-rich cold waters 
welling up should become an environ
mental hazard. 

The open cycle and an even more in
genious foam-mist idea are described 
briefly. It is clear that other studies of 
the closed-cycle scheme do not confirm 
Anderson's very profitable estimates: 
his power-to-displacement ratio is four 
kilowatts (electrical) per ton, eightfold 
better than the competition! This happy 
result he ascribes to the decisive light
ness of his heat-exchanger design; the 
four excellent engineering groups that 
have made the other estimates (their 
schemes "cannot possibly form the ba
sis for economical power plants," he 
says) no doubt require attention. This is 
nonetheless a persuasive piece. It is all 
the more true, although he says nothing 
about it, if his scheme is combined with 
an idea of one of his competitors: Lock
heed. Its publications have argued for 
siting its plants (mostly concrete) in the 
tropical waters very near the Equator, 
within a slowly shifting band where se
vere cyclonic storms are never encoun
tered, since there the spiraling winds do 
not know which way to whirl! Then the 
hardware can survive as an investment 
until it corrodes away, even though nor
mally the open ocean is no place to 
put an expensive plant. The example 
worked out here is scaled for 100 mega
watts electrical-rather small-at a cost 
of some $2,000 per ton of gross dis
placement. 

Plant output can be chosen from a 
long menu of valuable bulk commodi
ties: liquid oxygen, liquid hydrogen, liq
uid carbon dioxide, ammonia, metha
nol, fresh water, chlorine, caustic soda. 
They all use seawater and air inputs 
alone, and they deliver to tankers. Elec
tric-power delivery requires a cable and 
a location tethered to some city or in
dustrial market, perhaps not the best 
place for long-run safety at sea. The re
turn on investment at Anderson's cost 
estimates runs about 20 percent per 
year, after the prototype. One may well 
envision after a few decades 2,000 or 
3,000 such plants, built by all the ship
building nations, circling the watery 
Equator, a source of most quantity 
chemicals and much of the world's ener
gy (" ... by far the most logical possibili
ty for providing the world's great energy 
demands"). 

Such a sea system is grand enough. 
A curious voyager would sight one of 

these rigs every few hours anywhere he 
sailed in the equatorial waters of the 
earth. The scheme outlined in the re
maining essay of this volume, by Peter 
E. Glaser, is still more striking. It is 
nothing less than a new manmade eclip
tic. Any clear night along the celestial 
equator a watcher would see a gleaming 
line of a few score new planets, each 
as bright as bright Venus, an unprece
dented constellation. (Astronomers will 
clearly grumble as dark skies disappear 
forever.) These luminaries would not 
rise or set but would stand still in the 
sky. Each is an artificial solar-energy 
collection area, perhaps of silicon pho
tovoltaic cells, as much as five by 10 
kilometers in dimension. There in the all 
but perpetual sunlight and good vacu
um of space (they are eclipsed by the 
earth typically for an hour or so during 
the months of equinox) each converts 
the incoming sun's radiation into micro
wave power for beaming by a dish a 
kilometer in diameter. 

Every dish is aimed at its own receiv
ing area below, a spot on the earth some 
10 kilometers across where an orchard 
of six-inch dipoles stands. The rectified 
power enters the nation's power grid, 
say a total of 500 gigawatts, more than 
the present total U.S. installed power. 
Each station is 50,000 or 100,000 tons of 
material, mainly the active cells on a 
modular structure of graphite fiber or 
aluminum beams, all semiautomatically 
assembled in orbit. This wide-spreading 
surface too is fouled, not by space algae 
and bar.nacles but by radiation damage 
at the atomic level, caused by photons 
and charged particles from the sun. An
nealing away· the damage every few 
years by a pulsed energy-beam treat
ment seems practicable. The stations 
would be assembled by shuttle flights, 
one every few days for the first few 
years, rising in increasing tempo. Each 
station requires 1,000 manned shuttle 
visits or so, aided by a proposed high
orbit tug. Transport is certainly half 
of the cost. A full account with many 
more considerations is in the text. 

Sea thermal power proceeds by rela
tively easy increments and could start at 
once. The orbital scheme puts much big
ger chips on the world table somewhat 
later. One station in orbit costs as much 
as a few hundred rigs at sea, and it may 
offer a less than proportionate amount 
of electric power, although right to the 
power grid. Orbital cost estimates per 
kilowatt are higher by a factor of five, 
unlikely to be firm in the state of either 
of these arts of the future. There are 
many points still at issue; engineering 
truth rests in the details of experience. 
Neither author has spent much time 
searching out difficulties, which is per
haps as it should be for general papers 
by proud innovators. A wise assessment 
will take time. It does not seem that war 
is compatible with either of these sys-
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Whats the right wine to end a good day, 
and begin a great evening? 

Almaden. 
Carefully pampered grapes make it right. The difference between an average wine and 
a superior wine is the amount of care it receives. Under the attentive eye of our wine
master, Almaden's grapes are nurtured with the singlemindedness of purpose they require 
to reach the absolute peak of their potential. When you taste our fine wines you will 
appreciate the extra care we give to our grapes. Almaden makes it right. 
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Take this 5-volume 
Basic Astronomy Library 

for$2.95 
(a $70.75 value) 
if you will join the Astronomy Book Club now for a trial period and agree to buy 
:1 more books-at handsome discounts-over the next 12 months. 

Black holes, qu asars, 
pulsars, supernovae, white 
dwarfs-explore the fantastic 
discoveries being made about 
the universe with this 
outstanding selection of five 
critically acclaimed astronomy 
books. Together they form a 
marvelously comprehensive 
Basic Astronomy Library and 
an excellent introduction to 
the Astronomy Book Club. 
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Here is what your library will include: 

WHITNEY'S STAR FINDER. Charles A. W hitney. 
Top-notch field guide to the heavens. Enables you to identify 
every major star in the sky over North America. Comes with a 
convenient Star Finder-Locater Wheel. Publisher's price $6.95. 

BLACK HOLES: The Edge of Space, The End of Time. 
Walter Sullivan. Bottomless pits into which whole stars can 
disappear ... Black Holes takes you on an incredible journey 
that will change your picture of the universe. Hardbound. 
Publisher's price $ 17.95. 

ASTRONOMY: An Introduction for the Amateur 
Astronomer. Jacqueline Mitton. From the fundamentals of 
physical, chemical and optical laws to stellar evolution. 
Hardbound. Publisher's price $7.95. 

THE ILLUSTRATED ENCYCLOPEDIA OF 
ASTRONOMY AND SPACE. Revised edition. Edited by Ian 
Ridpath. Your window to the universe. Over 1,000 entries and 
150 photographs and illustrations. Hardbound. Publisher's price 
$ 17.95. 

SOLAR SYSTEM. Peter Ryan. Paintings, charts, 
diagrams and over 100 photographs taken in space. A unique, 

outsized (8 � " x II Y2") book. Hardbound. Publisher's price 
$ 19.95. 
... quite a trip for only $2.95-and that's just the beginning! 

What is the Astronomy Book Club? 

Astronomy Book Club is a very special c1ub-a book 
club operated exclusively for astronomy enthusiasts. It's devoted 
to making the finest astronomy books available conveniently and 
inexpensively. Recent offerings include titles by such eminent 
authorities as Carl Sagan, Robert Jastrow, John Gribbin, Paolo 
Maffei, and Isaac Asimov. 

As an Astronomy Book Club member, you'll receive 
books of your choice at savings up to 30% off publishers' prices. 
In addition, you'll immediately become eligible for our Bonus 
Book Plan, with savings of at least 70070 off the publisher'S price 
on any book we offer. 

Discover the phenomena of space-join Astronomy Book 
Club today. 

If reply card has been removed, please write to: 
Astronomy Book Club, Dept. L-AD7, Riverside, N.J. 08075 to 

obtain membership information and an application. 
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tems, both floating and isolated hostages 
to reason. Maybe that is a sign of better 
times to come. 

GREENWICH TIME AND THE DISCOV

ERY OF THE LONGITUDE, by Der
ek Howse. Oxford University Press 
($24.95). John Flamsteed, the first As
tronomer Royal, won his post and a new 
observatory in the old-riverside park at 
Greenwich as the outcome of a fine in
trigue. The actors included one "Mons. 
St. Pierre the French Longitude Man" 
and Louise, the king's favorite, the dark
ly good-looking French noblewoman 
created Duchess of Portsmouth. The 
plot turned on the fact that the Roy
al Observatory in Paris was eight years 
ahead in the race for longitude. Derek 
Howse has well told that story before 
now, during the celebration of the three 
centuries of Greenwich. In this book he 
extends the tale far back to the ancient 
roots of the problem and on to the suc
cessive meaning of Greenwich time first 
for astronomers, then for navigators, 
then for all Britain and finally for the 
world as Universal Time. 

Flamsteed was a first-rate scientist, if 
no easy colleague, and he set himself 
early the task of checking the assump
tion of the Copernicans that the earth 
rotated on its axis with constant speed. 
The two clocks, made by Thomas Tom
pion of London, whose 13-foot pendu
lums were fitted into the Great Room at 
Greenwich, were the decisive instru
ments. Flamsteed would soon write: 
"My theory of the Equation of Days I 
looked upon but as a dream at first be
cause one part on which it was founded, 
viz the isocroneity of the Earth's rev
olutions, was only supposed, not dem
onstrated by me; but the clocks have 
proved that rational conjecture a very 
truth." Tompion's clocks could be relied 
on to within seven seconds per day. In 
the long sequel it was the best pendu
lum clocks Greenwich ever owned, the 
free-pendulum Shortt clocks, that in the 
1920's and 1930's finally set limitations 
on Flamsteed's rational conjecture. 

Edmund Halley, Flamsteed's rival, 
had already concluded from eclipse 
studies that the moon's motion was ac
celerating. By the late 19th century com
parisons of sidereal time with the mo
tions of the moon and the planets had 
shown that some of the discrepancies 
arose from the slow lengthening of the 
day by tidal friction, about 1.5 millisec
onds per century. Less cumulative but 
more important today are irregular fluc
tuations of both signs, perhaps due to 
deep-lying variations in the mechanical 
coupling between the earth's solid man
tle and its fluid core. These have slowed 
the earth spin by about 18 seconds since 
1955 or so, as they sped it up in Vic
torian times. The current day length in
creases by several milliseconds per year. 
The Shortt clocks could even signal an-
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nual seasonal changes in the earth's rate: 
the spin is slow in May, faster in Octo
ber, a matter of a millisecond per day. 
The Invar suspension and the clever me
chanical scheme that allowed the master 
pendulum to swing free for half a min
ute between impulses from its own slave 
pendulul/l gave the Shortt clock a reli
ability of within some tens of millisec
onds per day. 

Quartz piezoelectric oscillators took 
over from the Shortts completely by 
1943, with an accuracy that reached .1 
millisecond per day. The time is no long
er handed down by any single national 
observatory but is based on the com
putations of the Bureau International 
de I'Heure in Paris, which keeps the 
world's statistical mean clock, its input 
some 80 atomic clocks in two dozen 
countries. They are consistent within 
microseconds over a year. The time 
scale is now dual: the equable time 
marked by the cesium-beam frequency 
standards is called International Atomic 
Time (TAl), and by it the official Co
ordinated Universal Time (UTC) is 
controlled. The spin of the earth is not 
forgotten; UTC is kept within one sec
ond of the lagging rotational sky time 
by a scheme of semiannual optional 
leap-second insertion. 

Time remains based on Greenwich, 
although it is no longer defined there. 
Indeed, the brass line that parts the 
old courtyard, shown in a photograph 
through "the center of the transit instru
ment at the Observatory at Greenwich," . 
is no longer the world's true prime me
ridian. That agreed origin of all longi
tudes and of the civil day is no longer 
material at all: it is an abstract statistical 
fit to the results of a worldwide net of 
observations. It will, however, remain 
floating within a few meters of the earth
ly partition there in Greenwich for a 
very long time. 

The first public time signal is said to 
have been the dropping of the big ball 
on the Eastern Turret at Greenwich, 
done every day since 1833 "at the mo
ment of one o'clock P.M. mean solar 
time." (At noon the astronomers were 
busy finding the time.) Navigators could 
rate their chronometers at all the Lon
don docks and on the busy river, and 
much of London could peek. The rail
ways and their timetables soon carried 
Greenwich time all over the island, and 
by 1855, 98 percent of the public clocks 
in Britain told not local mean time but 
Greenwich Mean Time (G MT). Oxford, 
true to this lost cause too, fought brave
ly: a photograph shows the Great Clock 
of Tom Tower there in about 1860, fit
ted with two minute hands, with local 
time seen to be slow by five minutes. It 
was the multiplicity of the American 
railway companies with their bewilder
ingly idiosyncratic standards for time 
that led to the successful proposal by 
Charles F. Dowd of Saratoga Springs 

for "A System of National Time for 
Railroads," his pamphlet of 1870. 

Dowd's proposal held the present 
scheme. It was taken up country by 
country worldwide after an Internation
al Meridian Conference at Washington 
in 1884, a meeting that did not actual
ly recommend any time-zone scheme. 
That conference, admirable and hilari
ous in turn with its mix of good sense 
and curious posturing, did fix on the 
Greenwich meridian as the zero of lon
gitude. The reasons included the need to 
have a working observatory "of the first 
order" as the origin (the peak of Tener
ife and the Great Pyramid were neutral 
but lacked certain utility) and the domi
nance of British shipping, already reck
oning by that meridian, two-thirds of all 
ships by number and by tonnage. Al
most unanimous votes favored a single 
meridian at Greenwich, a universal day 
and decimal division of angle and time. 
France nonetheless resisted Greenwich 
for a long while. It went over legally to 
GMT, described as "Paris Mean Time, 
retarded by 9 minutes 21 seconds," only 
in 1911. Then world radio time signals 
were unified internationally at French 
initiative from 1912; accurate time is 
ruled today by that famous bureau in 
Paris. 

An interwoven but distinct story is 
here: how the geographic origin of lon
gitude came to rest at Greenwich. Much 
seems to depend on The Nautical Al
manac and Astronomical Ephemeris, first 
published by Nevil Maskelyne, the fifth 
Astronomer Royal, in 1767. Maskelyne 
included therein the first truly accurate 
and convenient tables of lunar distances 
between selected bright stars and the 
disk of the moon. His tables cut compu
tation time down from more than four 
hours per sighting to half an hour. Even 
the French reprinted them for more 
than a decade. They were based on 
the Greenwich meridian. Although the 
chronometer method for determining 
longitude won the field, good navigators 
appreciated the lunar backup. The usual 
practice of computing longitude differ
ences only, using as a zero in each new 
voyage the port of origin or of destina
tion, worked well enough with the chro
nometer scheme, but published moon 
tables required some convention. That 
choice clearly imposed no important 
burden on the other algorithm. Thus 
all British shipping, and much more, 
went over to counting longitudes from 
Greenwich, as we do today. 

Howse has told this story expertly and 
well. His book is both a narrative and a 
reference. About the only gap he leaves 
is just why there should be no doubt that 
it was Pierre Le Roy in France who in 
the 1770's was the inventor of the mod
ern marine chronometer, not the glo
rious pioneer John Harrison nor the 
gifted British clockmakers after him, 
whose chronometers multiplied for gen-
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Bell Helicopter knows the weight of new designs, such as this Model 412, before the first prototype is built. An online IBM computer 
keeps tabs on the weight of20,000 separate parts of the vehicle. 

Bell Helicopters Lift Off Without an Extra Ounce 
"We save money and our customers 

get a better, safer product, through the 
use of a data system to keep track of the 
weight of a vehicle as the design pro
gresses," says Richard Mathieson of Bell 
Helicopter Textron. Mathieson is group 
leader, weight management systems. 
"Before we put the first prototype model 
on the scale, we know its weight within 
one-half percent. 

"A helicopter must meet a perfor
mance specification - a required air 
speed, payload and fuel range - and suc
cess depends on controlling its weight." 

At Bell, a computer stores the weight 
of each part of a complete helicopter -
structural members, pumps, tubing, even 
screws and rivets. In excess of 100,000 

separate parts may be interrogated 
through the Weight and Value Engi
neering System (WAVES), which runs on 
an IBM System/370 Model 168 computer 
at the company's Fort Worth, Texas, head
quarters. 

"With the online system," Mathieson 
notes, "engineers can enter the weight of 
any new or revised parts and assemblies 
directly at terminals. Paperwork is 
eliminated, saving 2,000 to 3,000 engi
neering manhours a year, and information 
is more accurate and complete. Weight is 
now current daily: a designer can push a 
button and obtain the vehicle or compo
nent weight within seconds. 

"At the beginning of a new design, we 
enter estimated weights for major sec-

tions of the helicopter. Then, as the de
sign progresses, these estimated weights 
are replaced by more detailed calculated 
weights, and finally by measured ones. 

"An accumulation of small differences 
can easily cause a design to be over
weight," he continues."Now we catch any 
such trend much earlier. And WAVES is 
really invaluable when a proposal is 
needed on a tight schedule, We can do 
many more tradeoff studies - cost vs. 
weight - in the same amount of time. If 
required, we can get two or three turn
arounds per day, as against days for one 
turnaround under the old system. When 
last minute changes are required, WAVES 
can redo the calculations in a few 
minutes." 
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Advertisement 

COMBl MAN Sits in for Air Force Pilots· 
Can a u.s. Air Force pilot readily 

reach all of the hundreds of controls typi
cally found in a high-performance air
craft? Can he see all of the indicators? 
How well can he see outside the plane? 

Today, at Wright-Patterson Air Force 
Base in Ohio, the designer of a new plane 
can answer such questions quickly and 
easily, by manipulating the COMputer
ized BIomechanical MAN-Model (COM
BIMAN): a model of a human figure in an 
aircraft cockpit or work station. It permits 
the designer to sketch a work space 
around the figure directly on the screen of 
a computer terminal, using a light pen 
and the keyboard. 

By touching the light pen to a "menu" 
of options, the user can select the varia
bles that affect movement, reach, and 
sight lines, such as the size of the pilot, 
type of harness and clothes. With the 
cockpit layout and the human figure visi
ble in the display, he can command a pro
grammed "reach" to any selected point. 

The figure thep. executes a five-step 
reach, shOwing clearly whether -and how 
easily-a pilot can perform the same oper
ation. The user can vary the proportions 
of the figure, using realistic combinations 
of human measurements stored in the 
computer. He can adjust the work-station 
design by moving, rotating, adding or 
eliminating elements. 

The program was developed by 
the University of Dayton Research Insti
tute under the sponsorship of the Aero
space Medical Research Laboratory of the 
Air Force Systems Command. Says Dr. 
Joe W. McDaniel, who directs the COM
BIMAN project: "In the display, the work
space is very easy to modify, to experi
ment with, so the designer can try many 
more possibilities. W hen the physical 
mockup is first built, it will be much 
closer to optimum." 

The figure can be made to lean or turn 
its head in order to calculate realistic sight 
lines for pilots with various body mea-

surements. As with the hand, the reach of 
the figure's foot can be checked to insure 
that a pilot can readily reach the rudder 
control or other pedal. As the user builds 
a complete workspace, the computer-an 
IBM System/370 - accumulates the de
tails. At any time, the system can be com
manded to generate a plot of the design on 
paper. 

"COMBIMAN lets the workspace de
signers get involved much earlier in a 
project," McDaniel adds. "This avoids 
later costly retrofit, or the need to com
promise on performance." 

The COM BIMAN hutlwn figure and work
space can be projected on the screen of an 
IBM 2250 Graphic Display Terminal in an 
off-axis perspective view. The designer can 
test and modify a workspace by interact
ing directly with the computer through 
the terminal. 
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CADAM® Draws the Tractor 
that Draws the Plow 

Using the computer as a drafting aid, 
International Harvester now develops 
engineering drawings much more rap
idly: the gain in productivity is sometimes 
as high as 20 to one, and averages be
tween two and three to one. 

At the company's Engineering Center 
in Hinsdale, Illinois, the Computer
Graphics Augmented Design and Manu
facturing (CADAM) system is used to 
design farm tractors apd implements. 
Comments E. J. Wynard: "We see the big
gest gains where there is some repetition 
or symmetry, or where we can reuse draft
ing work already in the computer mem
ory. For example, in an assembly drawing 
we can incorporate previously stored 
drawings of parts. CADAM lets us change 
the scale of an element, rotate or move it, 
or replicate it any number of times. We 
keep a large number of frequently used or 
standard items in an online library, where 
they can be incorporated with the touch of 
a light pen." 

Wynard is manager of engineering in
formation systems for the Agricultural 
Equipment Group. He points out that 
one drawing can be superimposed on an
other, or movable parts can be viewed in 

several positions, to check clearances or 
interference, or look for drawing errors. 
The engineer or draftsman works at an 
IBM 3251 Graphic Display Station, online 
to a System/370 Model 138 computer. 

"There has been fantastic acceptance 
by both experienced and novice users," 
Wvnard notes, "because CADAM uses fa
miliar drafting techniques. W hen we 
want to change or correct a drawing, we 
can rework it and get the revised drawing 
to the shop in a few minutes. CADAM lets 
us analyze more design possibilities in a 
limited time." 

Adds Wayne Orkwiszewski, designer 
of agricultural implements: "There are 
fewer 'downstream' errors, because the 
drawings are accurate, detailed and read
able. There is less scrap, and we build 
fewer design models. 

"On large implements, there is a lot of 
repetitive detail and mirroring -left and 
right parts - the kind of thing CADAM 
handles very well. It's also good for devel
oping a series of variations on a basic de
sign. A family of hydraulic cylinders, for 
example, appeared in various sizes and 
was very complex, with many sectional 
views. One model required 79 drawings. 

We put the basic design in the data base, 
then adapted it without any further draft
ing by changing dimensions and rescaling 
certain drawings." 

Adds William Knapp, manager of im
plement engineering: "The reaction of the 
professional people has been enthusias
tic. They come in to work on their own 
time, and they accept inconvenient hours 
to get time on the system." 
·CADAM is a registered trademark of the Lockheed Corporation. 

DP Engineering Dialogue is designed to 
provide you with useful information 

, about data processing applications, 
concepts and techniques. For more 
information about IBM prod ucts or 
services, contact your local IBM branch 
office, or write Editor, DP Dialogue, IBM 
Data Processing Division, White Plains, 
N.Y. 1 0604. 

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

= =-=':'=® 
Data Processing Division 
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Cleanine your 
rec:ords ·.s only 
haH the baHIe. 
The best record cleaner in the world can't 
preserve a record . It can only clean it .  
A good record cleaner can remove dust,  oily 
fingerprints and deep-seated dirt from the 
grooves .  But , it can't protect the record from 
wear and friction . 

The diamond is the hardest natural 
substance know n .  At the tip of a stylus ,  it is 
the spearhead of over 15 tons per square inch 
of destructive pressure that shears away 
microscopic chips of vinyl while traveling 
along the delicately thin grooves . 

The finest high fidelity system can't 
restore the subtle high frequency and mid
range tones that are unavoidably lost . 

Sound Guard®> Record Preservative 
is a scientifically designed, ultra-thin , dry 
formulation that practically eliminates rec
ord wear. Your records treated with Sound 
Guard Record Preservative will sound just as 
good after 100 plays . No his s .  No pop s .  
N o  clicks . 

Give your records 100% protection 
with two simple steps . First,  clean them with 
Sound Guard Record Cleaner; then preserve 
them with Sound Guard Preservative . Buy 
them separately or get them both in the 
Sound Guard Total Record Care System.  
And stop record wear in i ts  tracks . 

~ 
-
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Sound Guard Corp . 
348 S .  W. 13th Ave . 
Pompano Beach 

Fla . 33060 

erations in what "might almost be 
called mass production." 

THE GREAT BRONZE AGE OF CHINA: 

AN EXHIBITION FROM THE PEOPLE'S 

REPUBLIC OF CHINA, edited by Wen 
Fong. The Metropolitan Museum of 
Art and Alfred A. Knopf, Inc. ($40). 
Five years ago Americans were treated 
to a touring exhibit of recent archaeo
logical finds in China. They sampled 
the full depths of Chinese history, arti
facts of rich variety, from an evocative 
dumpling, dry for 1,000 years beside 
the Silk Road, to the little masterpiece 
of a Kansu horse in bronze. This big, 
luxurious volume both documents and 
celebrates another display, with a 
much sharper focus on finds from the 
Three Dynasties that wrought so well 
in bronze between about 2000 and 200 
B .C . These objects (not all of them are 
of bronze; some are of jade and terra
cotta) have been chosen by Chinese 
scholars to travel during 1980 and 1981 
to five fortunate American cities: New 
York, Chicago, Fort Worth, Los Ange
les and Boston. 

Most of the 121 color plates made in 
China expressly for this exhibition glow 
with the varied patinas of the long-bur
ied bronzes of Xia, Shang and Zhou. 
These forms with their intricate yet bal
anced surfaces appeal to all who seek 
unity in the works of the hand and the 
mind. They were almost always cast
decorations, flanges and all-in one pour 
of the metal; "both shape and decora
tion emerge together from the mold." 
Technique and form are one. Four de
tailed essays, 10 detailed summaries and 
comparisons of the works (mostly by 
U.S. scholars) and careful catalogue de
scriptions piece by piece treat of the 
bronzes and their context, particularly 
the changes new finds and new ideas 
have wrought in what we know of this 
part of the human drama. Ma Cheng
yuan, curator at Shanghai, tells us of 
the copper knife found a few years ago, 
dated to about 3000 B.C.,  the oldest met
al artifact yet sure in China. By 1900 
B.C. ritual vessels are known; they are 
here, made 500 years before the classical 
period of the finds at Anyang. 

An ancient copper mine on an enor
mous scale was found in 1974 in Hu
bei province, not far from the classical 
sites. It consists of vertical shafts sever
al dozen meters into a mountaintop, 
with many horizontal tunnels along the 
veins of the ore. Bronze tools and even 
wood gondolas and framework have 
been found. "The entire mountainside 
is wasted," and the slag from the on-site 
refining operations amounts to 360,000 
metric tons. The age of the oldest work
ings there is uncertain, but it cannot be 
later than 600 B .C . With such mines at 
the expected metal yield the bronzes of 
ancient China must have been counted 
by the millions over the millenniums. 

What the mines produced, of course, 
was not mere metals but political pow
er. Bronze, both the ritual symbol of 
the kinship-based aristocracy and the 
dominant material of war, was the very 
substance of rule. 

The rulers draw ruthlessly on the skill 
and energy of the people they dominat
ed. At the site of Anyang, the source of 
the earliest Chinese writing as well as 
of the highest order of bronze working, 
there was found in 1979, after a gener
ation or ' two of archaeological efforts 
among the long-robbed grave sites, the 
first specifically identifiable intact bur
ial tomb. It held a royal consort, the fe
male general Fu Hao, with 200 bronze 
vessels, almost twice as many as were 
recovered in all from the dozen other 
looted tombs of royal size in the same 
area. Fu Hao's coffin was surrounded 
by 16 sacrificial victims, in the cruel tra
dition of the funeral cult of the Shang 
kings. "Who went with Duke Mu to the 
grave?" asks the Book of Songs. "Now 
this Yen-hsi I Was the pick of all our 
men; I But as he drew near the tomb
hole I His limbs shook with dread. I 
That blue one, Heaven, I Takes all our 
good men." So run the moving lines of 
Arthur Waley's translation, cited in a 
splendid essay here by K. C. Chang of 
Harvard, his brief synthesis of Bronze 
Age China. 

This time too reality offers an exhibit 
more varied than plan and title imply. 
The archaeologists have never penetrat
ed the great tumulus at Mount Li, where 
lies buried the unifier of China, the first 
emperor of Qin, even though the histori
an has told us of its wonders. For 30 
years of Shihuangdi's power 700,000 
conscripts labored at the task, still unfin
ished at his death in 210 B.C. "With 
quicksilver the various waterways of 
the empire . . .  were created and made 
to flow and circulate mechanically," we 
are told in the old chronicle of unseen 
wonders. But in 1974, after hints from a 
few chance finds over the years, a guard
ian army was found buried only a kilo
meter from the emperor's burial mound. 
These are not dead men; even Shihuang
di could not command such sacrifice so 
late. They are an army of 7,000 in terra
cotta, the figures of men and horses 
large as life, in full uniform and kit, with 
weapons, arrayed for imperial review. 
The faces are individual, almost por
traits. A regiment stands buried, nine 
infantry columns of four each of 150 
ranks, backed up by chariots and chario
teers. At a little distance are marshaled 
their cavalry units, and a third pit holds 
the elite command. The pottery army is 
breathtaking; six men and two horses 
from their ranks are in the show, the first 
of them ever to travel outside China. 
Here they are in color plate; not bronze, 
no longer in the abstract mode of those 
older times, but messengers over 22 cen
turies from life itself. 
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Things of quality have no fear of time. 

Time is the enemy of all things made. It 
weakens. It lessens. It wears out the most 
carefully-built products. 

Butas  a maker of home appliances. Whirlpool 
Corporation believes there are ways of taking 
the sting out of time. Taming it to a point where 
it's always respected. but never feared. 

We know the real challenge comes after the 
sale. When new becomes used. And used 
becomes old. This is why we take pride in 
stocking parts for as many years as we do. And 
why we maintain a toll-free Cool-Line® service 

'800-2 53 -1301 . In Alaska and Hawaii 800-2 53-1121 .  In Michigan 800-632-2243. 

number* you can call 24 hours a day. And why 
we have a nationwide organization of 
authorized Tech-Care® service companies that 
are as close to you as your phone book. 

You see, at Whirlpool we believe quality is 
not something to be flicked on and off like a 
neon sign. We believe it should be a philosophy 
of excellence dedicated to one person - you. 

It's our way of saying this is more than 
just an 
appliance. This is 
our way of life. 
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Economic Development 
The nations of the impoverished three-fourths of mankind press 
for the creation of a new economic order to redress the asymmetry 
in relations between the developed countries and developing ones 

T
he General Assembly of the Unit
ed Nations is about to meet in a 
Special Session that is charged to 

launch the global negotiation of an 
agenda for the better management of 
the world economy. At issue in the ne
gotiation is the asymmetry now prevail
ing in the relations between the 30 or 
so industrial "developed" countries and 
the 130 or so nonindustrial "developing" 
countries. The asymmetry is evident in 
the relative access of the two groups of 
countries to supplies, to markets, to sci
ence and technology and to credit. As 
long ago as 1974 the developing coun
tries pressed in the General Assembly 
for the creation of a "new international 
economic order." The Special Session is 
charged also to adopt a "new interna
tional development strategy," looking 
to the acceleration of the economic de
velopment of the developing countries. 
It is apparent that the two exercises are 
interlinked. A restructured and proper
ly functioning world economy is the 
necessary environment for the sustained 
growth of the developing countries; the 
development of those countries is need-

by K. K. S. Dadzie 

ed to move the world economy forward 
from the "stagflation" in which it is be
calmed. 

The momentous questions underlying 
this agenda touch the interests of ev
eryone, but particularly of the poor 
who constitute more than half of man
kind. To increasing numbers of the poor 
around the world economic develop
ment means not only the betterment of 
their material condition but also greater 
human dignity, security, justice and equi
ty. It is a transformation of their lives, 
a liberation. Development therefore im
plies profound change in the economic 
arrangements within as well as among 
societies. Such change can be facilitat
ed by rapid and sustained growth of 
income. Thus although statistical mea
surements of growth exclude nonpecu
niary values, they provide initial, useful 
indicators of the advancement of social 
welfare and individual rights. 

Convened principally on the initiative 
of the poor nations, this Special Ses
sion of the General Assembly comes at 
a time of disjunction and uncertainty in 
the world economy and polity. An era 

MAGNITUDE OF THE TASK confronting economic-development officials in the less de
veloped countries of the world is suggested by the satellite image on the opposite page, which 
shows part of the Ganges River delta in the vicinity of Dacca in Bl\ngladesh (greenish gray 

area at top left). The delta is one of the world's poorest, most densely populated large agricul
tural regions. Much of the land is devoted to the production of rice and jute on very small irri
gated fields, which are typically owned by petty landlords and worked by tenant farmers and 
their families. This particular scene was recorded by the Landsat 2 earth-resources satellite 
from a height of more than 900 kilometers on March 6, 1979. At that time most of the rice 
fields were either being prepared for planting or had just been planted. The latter fields appear 
as tiny red dots in the composite image, which was made by combining data from three of the 
four wavelength bands acquired simultaneously by the satellite's multispectral scanning sys
tem. (Growing vegetation generally appears red in such composites.) The scene has been nsed 
by analysts at the World Bank to stndy erosion and deposition of sediments along the Ganges 
and to monitor changes in the course of the river. It is one of several Landsat images in this 
issue that have been digitally reprocessed by the Earth Satellite Corporation, using special algo
rithms for geometric and radiometric corrections, edge enhancement, gray-scale adjustments 
and scan-line suppression. The dimensions of the image are roughly 160 kilometers by 120. 

of unparalleled economic growth sus
tained by cheap energy has closed; the 
era to come is as yet undefined. The 
developed market-economy countries 
are unable to bring the claims of ad
versary social groups in their societies 
into a reconciliation that will make it 
possible to have growth without infla
tion. The centrally planned economies 
find it increasingly difficult to sustain in
crease in the productivity of labor. The 
developing countries are racked by ten
sions from the fail ure of growth or from 
marginalization of the poor in those 
few countries that have seen an overall 
rapid growth. In the economic relations 
among the developed market economies 
there is crisis stemming from the disper
sion among them of economic power 
and the breakdown of the financial and 
trading arrangements by which they had 
harmonized their competing interests. 
Between the developed countries and 
the developing countries relations are in 
a flux that bespeaks the shift in their 
relative economic and political power. 
The drift from crisis to crisis from year 
to year and month to month threatens to 
trigger far-reaching political and social 
dislocations. 

The world presented a significantly 
different picture not so long ago. In 

1963, when Scientific American devoted 
an issue to economic development [see 
"Technology and Economic Develop
ment," SCIENTIFIC AMERICAN, Septem
ber, 1963], there were still grounds for 
the hopeful expectation that the rich 
nations-in the spirit that had brought 
the founding of the UN and its asso
ciated technical agencies-would ren
der substantial economic and technical 
assistance to help ease and expedite 
the development of the poor countries. 
There was, to begin with, the euphoria 
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of success emanating from the econom
ic growth of western Europe and Japan. 
Countries whose economies had been 
shattered by war had managed not only 
to recover in less than two decades but 
also to maintain the highest rates of ec
onomic growth in history. Japan, not
withstanding its poverty of resources, 
had achieved an average annual growth 
rate of 12 percent over the years 1957-
62. The European economies, accus-

.
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tomed to a growth rate of 2 percent in 
the prewar years, had achieved a growth 
rate of 5 percent-which they managed 
to sustain into the early 1970's. 

Furthermore, this remarkable growth 
performance had received an important 
impetus from economic assistance ren
dered by the U.S. beginning in 1947. Al
though the flow of aid under the Mar
shall Plan was sustained by "cold war" 
motivations, it came to be seen also as di-
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rected against "hunger, poverty, desper
ation and chaos." Throughout this peri
od the U.S. pursued a liberal free-trade 
policy that amplified the positive effects 
of its economic assistance to western 
Europe and Japan. 

The hope and promise that economic 
assistance might ease the way for the 
poor countries was articulated as early 
as 1948 by President Truman in "Point 
Four" of his inaugural address that year. 
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SEVEN ECONOMIC CATEGORIES are indicated for eight world 
regions on this map: Europe (including Turkey), North America, the 
Carihbean, Latin America, Africa, the Middle East, Asia and Ocean
ia. Countries and other political divisions are categorized as rich (see 

key) if the per capita gross domestic product (the output produced 
within the country) is more than $5,000, as near-rich if the G.D.P. 
is between $3,500 and $5,000, as upper-middle if the G.D.P. is be
tween $2,500 and $3,500 and as lower-middle if the G.D.P. is between 
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President Kennedy renewed the promise 
with his proposal that the 1960's be des
ignated a "development decade." The 
UN General Assembly adopted this 
proposal in 1961, expressing "the desire 
of the world community to accelerate 
the development process in the less for
tunate areas of the world." Such good 
intentions had substance at the time: 
the developed market economies, by 
their official estimates, were advanc-

:.; 

••• MAURITIUS 

ing $8 billion a year, or about I percent 
of their combined gross national prod
uct, to the poor countries. 

In reflection and reinforcement of this 
mood among the makers of policy 

the theory of development flourished as 
a subspecialty of academic economics 
in the U.S. and other market-economy 
developed countries. The literature of 
that time pictured the underdeveloped 

countries as rich countrie� at an earlier 
stage of development. Authors envi
sioned development itself as a linear 
process divided in stages, from "take
off " to "high mass consumption," with 
the necessity for "catching up" and 
"breaking vicious circles" on the way. 
All countries, including the developed 
ones, were seen as starting from the 
same point and facing the same obsta
cles as they proceeded on the same 
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$1,425 and $2,500, If the G,D.P. is between $875 and $1,425, the rat
ing is "poor (I)," if it is between $500 and $875, the rating is "poor 
(II)" and if it is between $275 and $500, the rating is "poor (III)." The 
categories take into account the tendency for comparisons based on 

exchange rates to underestimate actual purchasing power as per capi
ta G.D.P. declines. They were establisiled by Garret FitzGerald on 
the basis of world data collected by Irving B. Kravis, Alan W. Heston 
and Robert Summers, economists at the University of Pennsylvania. 
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course. Some would simply move faster 
than other.s; the others would no doubt 
follow, albeit at a distance. The poor 
countries now starting into the proc
ess "could learn from the mistakes of 
the rich countries" and could benefit 
from the continued growth of the rich 
through such phenomena as "spillover 
effects" and "trickling down" as well as 
from the policy of economic assistance. 

In the perspective of 1980 the two 
decades of development may well be 
characterized as "decades of disappoint
ment." The great mass of the people in 
the developing countries continue to 

live in dire poverty. They have barely 
enough to eat and rarely have enough 
potable water. Health services are thinly 
spread. When work is available, pay is 
low and conditions are close to intoler
able. Insecurity is permanent; there are 
no public systems of social security to 
cushion the unemployment, sickness or 
death of the family wage earner. Mal
nutrition, illiteracy, disease. high birth 
rate, underemployment and low income 
close off in turn each avenue of escape. 
In the two decades the gap between the 
poor and the rich has widened. The flow 
of financial assistance has diminished 
from 1 percent of the a.N.p. to a now 
officially estimated .35 percent. 

Yet it cannot be said that the deve l
oping countries have seen no growth in 
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this period. For this group of countries 
as a whole growth proceeded at an im
pressive average rate of 5 percent from 
1950 to 1976. This rate was higher than 
that of the developed market economies 
(-\.2 percent), although substantially less 
than that of the centrally planned econ
omies of eastern Europe (7.7 percent). 
The absolute increase of the income 
of the developing countries was much 
smaller, however. The $1,820-billion 
increase in the income of the rich coun
tries, from S 1,250 billion in 1952 to 
S3,070 billion in 1972, was 3.5 times the 
S520-billion total income of the devel
oping countries in 1972. 

Like any average, the average rate of 
growth of the developing countries con
ceals a wide variation in performance. 
The countries of one group have moved 
so fast, from 5 percent up to 9 per
cent for a decade and a half, that they 
are coming to be known as the "newly 
ind ustrializing countries," or N . I.e. 's. 
They include most of the Latin-Ameri
can countries. The vigorous expansion 
of those countries has multiplied their 
combined a.N.p. five times over that of 
1950; Argentina, Brazil and Mexico, 

with their industrial base already estab
lished, have grown the fastest. Certain 
countries in eastern and southeastern 
Asia-South Korea, Taiwan, the Philip
pines, Malaysia, Singapore and Thai-
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POPULATION STRUCTURE of a developed nation, presented graphically in the form of a 
pyramid that arrays the percentage of males (left) and females (right) in each of a series of age 
cohorts, is seen to differ greatly from the population structure of a developing nation. This 
pyramid depicts the population of England and Wales in 1968 in five-year cohorts up to age 
80 and ahove. Both the low birth rate and low mortality make for a straight-sided structure. 
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land-have attained still higher rates 
of growth. In manufacturing industries, 
in diversification of exports and in ca
pacity for framing economic policy 
they have acquired strengths such that 
they were able to sustain their growth 
through the 1974-76 recession in the 
world economy. 

The petroleum-exporting countries 
have also, of course, made their way 
into a class by themselves through their 
control of the supply and price of oil. 
Three of them-Kuwait, Qatar and the 
United Arab Emirates-had a per cap
ita a.N.p. in excess of $10,000 in 1976, 
which bespeaks their small populations 
as well as their large oil exports. The 
others ranged from $6,000 (Libya) down 
to $300 (Nigeria) and $240 (Indonesia). 
Oil promises to give a new and further 
lift to the expansion of the Mexican 
economy. 

The N. I.C. and OPEC countries have 
about a fifth of the population of the 
developing countries other than China 
and account for 40 percent of the prod
uct of those countries. Some 45 "mid
dle income" countries, with middling 
growth rates of 5 or 6 percent, have a 
fourth of the population and produce 
another 40 percent of the output of all 
the developing countries. 

There remain the "low income" coun
tries. They exhibit average per capita in
comes of less than $250; they grew at a 
rate just under 4 percent in the 1960's 
and at less than 2.5 percent in the first 
half of the 1970's. Their people, more 
than half of the population of the devel
oping countries, subsist on a fifth of the 
total income of those countries. Indone
sia and the three countries of the Indi
an subcontinent-Bangladesh, India and 
Pakistan-have two-thirds of this popu
lation. Most of the remaining third live 
in the contiguous "poverty belt" coun
tries of Asia and Africa, designated by 
the UN as "least developed," a category 
that also includes Bangladesh. 

Slim margins hedge the bare subsist
ence of these 1.2 billion people from 

disaster. Their increasing numbers en
danger the fragile tropical environment 
in which they live. They have cut down 
their forests. Lacking any water-man
agement infrastructure and so lacking 
adeq uate irrigation, they are afflicted al
ternately by flood and drought and suf
fer persistent loss of the long-term fertil
ity of their soil to erosion and creeping 
deserts. Malnutrition makes them the 
more vulnerable to endemic diseases. 
The sun that might someday provide a 
source of electric power currently saps 
their vigor, while their insolvent econo
mies import expensive fuels. 

The condition of the poorest countries 
deteriorated in the 1970's. Not only did 
their low and inadequate growth slow 
down still further; even the increase in 
the meager assistance from the inter
national community was offset by de-
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cline in the purchasing power of their 
exports. These countries have had to 
begin to face the grim possibility that 
their ecosystems may not be capable of 
feeding their people unless measures to 
reverse the deterioration are taken now. 

Nor have the higher rates of growth in 
the N.I.C., OPE C and middle-income 
countries brought appreciable change in 
the conditions of existence of the great 
mass of their people. The trickling down 
of modernization and progress has not 
reached the poor strata of these societies 
or has yielded them no more than mar
ginal benefits. The number of people 
in critical poverty continues intolerably 
high; unemployment and underemploy
ment have not decreased significantly, 
and social indicators of health and liter
acy have shown little improvement and 
in some countries regression. This char
acterization of the situation of their 
poor applies particularly to Latin Amer
ica. According to the report of the 1979 
conference on employment held by the 
International Labor Office, "in 12 out of 
23 countries, where reliable statistics ex
ist, over one-half of the population had 
incomes insufficient to buy a basket of 
goods and services considered essential 
to a minimum level of welfare . ... For 
Latin America as a whole the propor
tion of the population in such a plight 
may be as much as 40 percent." 

The unrelieved poverty in most devel
oping countries is due in some degree to 
the pattern of growth of those countries. 
In 14 African countries agricultural pro
duction has lagged behind the growth of 
population. Countries that have striven 
for industrial growth have found that 
the kind of industry they have favored 
has not significantly increased employ
ment. In all countries the poor have 
weak links to the organized market 
economy; they own little by way of pro
ductive assets, have little education and 
are chronically in poor health. 

An in-depth examination of the proc
ess of development and of the linkages 
between the developing countries and 
the world economy reveals features that 
explain the call for a new internation
al economic order. They also provide a 
measure of the power-and the staying 
power-of the old order. 

At the heart of the existing system is 
the problem of unequal exchange. The 
international division of labor encour
ages and even compels the developing 
countries to produce for and constant
ly adapt to the needs of the ind ustrial 
countries. The institutions of the inter
national system, particularly the key 
ones in trade and credit, were created 
during and in the immediate after
math of World War II. At that time, of 
course, most of the developing countries 
of Asia and Africa and the newer coun
tries of the Caribbean were still colonies 
of one or another imperial power. The 
international credit-and-trade system 
functions, therefore, in such a way as to 
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POPULATION PYRAMID constructed for a developing nation contrasts strongly with that 
for a developed nation (see illustration 01/ opposite page). This pyramid depicts the population 
of Madagascar in 1966. The youngest cohort constitutes some 18 percent of the total popula
tion, in contrast to 9 percent in England and Wales. Men and women aged 40 to 45 make up 
less than 5 percent of the Madagascar population, and the percentage per five-year cohort de
clines thereafter. In England and Wales four successive 40-plus cohorts are nearly identical. 

perpetuate the dependent economic re
lations of the colonial era. 

In conseq uence the economies of the 
developing countries are disarticulated: 
they lack organic linkage, rooted in an 
indigenous science and technology, be
tween the growth and structure of their 
domestic prod uction and the growth 
and pattern of their domestic demand. 
The principal economic activity other 
than subsistence agriculture is dominat
ed by exports of primary commodities 
for which the control of production as 
well as of market decisions lies at their 
destinations abroad. 

Such commodities do not constitute 
a home ,base for development; they 

cannot be reckoned as domestic prod uc
tion surpluses. Imports tie the develop
ing countries to one or more industrial 
"patron" countries in a complementary 
bond of dependency; they satisfy a high 
proportion of total consumption in the 
monetary part of the developing econ
omy and supply almost all the means 
of production. Development strategies 
aimed at greater internationalization of 
the developing economies have there
fore generally left them bereft of in
digenous sources of dynamism. Even 
in the high-growth countries this kind 
of development has excluded the great 

mass of the people. What is more, it 
has blocked most developing countries 
from exploitation of their natural en
dowments. Thus it has been only in the 
past three decades that India has built 
the beginnings, at least, of a steel in
dustry based on its own coal and iron, 
and that "agricultural" countries such 
as Tanzania have begun to seek self-suf
ficiency in food production and to take 
an inventory of their mineral resources. 

(The exclusion of China from the 
foregoing review of conditions in the 
developing countries is now explained. 
From 1949, when its revolutionary gov
ernment assumed power, until the past 
decade the People's Republic of China 
proceeded to conduct its development 
in isolation from the international eco
nomic order. A fast-growing poor coun
try, it has now opened negotiations on 
its own terms with the developed market 
economies for inputs of technology cal
culated to speed its growth.) 

There can be no genuine development 
without personal freedom and security. 
The formal process of political deco
lonialization was therefore a condition 
precedent to economic development of 
the "third world." In Africa even this 
phase of development was still in proc
ess in 1963; it has come nearer to a close 
with the independence of Zimbabwe in 
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25 cies. But the increase in trade and capital 
flows within the community and the rise 
of the transnational corporations had 
at the same time brought a de facto re
duction of national sovereignty over 
economic policymaking. This was hap
pening at a time when most European 
governments held only slight majori
ties in their legislatures and were com
pelled to respond sensitively to domestic 
pressures in formulating foreign policy. 
Those pressures, moreover, were on a 
constant rise in the contest of adversary 
social groups for shares in the economic 

o 10 20 30 40 50 product, pressures that compelled in-
ANNUAL POPULATION INCREASE (MILLIONS) 

RICH AND POOR DIVISIONS of the world differ both in total population and in annual 
population increase. The 92 countries and other political divisions with per capita G.D.P. be
tween the equivalent of $15,000 and $1,425 had an estimated total population of 1.69 billion 
in 1978. Their estimated annual population increase was 21.5 million. The remaining 73, with 
per capita G.D.P. between $1,425 and $275, had a population one-third larger: 2.46 billion. 
Their annual population increase, however, was 48 million, more than twice that of the rich 
92. As in the map on pages 60 and 61, comparison is based on tables prepared by FitzGerald. 

1980. Although they are now politically 
independent, these countries have just 
begun their journey toward econom
ic and cultural liberation. Continuing 
domination by the industrial countries 
deters and diverts them from determin
ation of their own development path. 
They still have too little control over 
their own resources and too little ac
cess to those they need from outside 
their borders; they do not yet partici
pate on an equal basis in the taking of 
decisions affecting them and cannot yet 
make those decisions autonomously. 

The theory of development in aca
demic economics and the practice of 
economic assistance by the industrial 
countries took no adequate account of 
these political and cultural considera
tions. Development was a matter of 
"things," to be attained by capital accu
mulation, infrastructure building, man
agement training and so on. The two 
decades of development and disappoint
ment have shown that these things and 
processes may underpin development 
but that they do not constitute the whole 
or even the most critical part of it. De
velopment is the unfolding of people's 
individual and social imagination in de
fining goals and inventing ways to ap
proach them. Development is the con
tinuing process of the liberation of peo
ples and societies. There is development 
when they are able to assert their auton
omy and, in self-reliance, to carry out 
activities of interest to them. To develop 
is to be or to become. Not only to have. 

The approach to development from 
the developed market economies 

could have been more successful, not
withstanding its built-in misconcep
tions, had it received more substantial 
implementation. With the thawing of 
the cold war, as symbolized by the de
tente between the U.S. and the U.S.S.R., 
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the U.S. substantially reduced its out
lays to economic assistance. Other 
countries followed suit-with the nota
ble exception of the Scandinavian coun
tries and the Netherlands, which have 
increased their outlays above the target 
.7 percent of G.N.P. The new conser
vative mood of the rich countries arose 
from two contradictory perceptions of 
their relations to the developing coun
tries. On the one hand the N .I.C.'s now 
appeared as "cheap labor" competitors. 
On the other the sluggish performance 
of the countries where foreign capital 
inflow had not reached an appropriate 
threshold was taken as proof of the futil
ity of economic assistance. 

By the end of the 1970's the flow of 
economic assistance had dwindled to 
half of the promise of .7 percent of 
G.N.P. made at the beginning of that 
decade. This had a profound, although 
differential, impact on the prospects of 
the developing countries. Those in the 
N.I. C. category were able to take advan
tage of the enormous private-bank li
quidity of the 1970's, partly generated 
by the recycling of "petrodollars," and 
of investments by the giant transnation
al corporations. The transfer of technol
ogy thereby accomplished also brought 
along the transfer of the consumption 
patterns of the industrial societies to the 
new arrivals in the upper-income strata 
of the recipient countries. On the pros
pects of the so-called aid countries this 
turn of affairs had a double impact: they 
failed both of aid and of financing by 
the banks and of investment by the 
transnational corporations. 

The 1970's had meanwhile witnessed 
the culmination of deep-running chang
es within the community of the market
economy industrial countries. The rapid 
growth of western Europe and Japan 
had eroded U.S. hegemony, leading 
to increasing divergence among these 

creasing intervention by the government 
in the economic and social life of those 
countries. 

Even before the inexorable closing in 
of the petroleum horizon had termi
nated the era of cheap energy the ten
sions and conflicts in the community of 
the market-economy industrial nations 
brought the collapse of the internation
al monetary system and protectionist 
compromise of the liberal trade poli
cies. The oil crisis followed, signifying 
that those nations had lost control of 
the resource on which their growth and 
affluence most critically depended. 

In the quadrupling of oil prices by 
OPE C the developing countries saw 

welcome evidence that the developed 
market economies were losing their ec
onomic dominance. In the "nonaligned" 
movement those countries had been de
veloping political cohesion, and in the 
caucus of the "Group of 77" a common 
position on economic questions. At their 
instigation the UN General Assembly 
was called into its Sixth Special Session 
early in 1974. That session adopted a 
declaration and a program of action on 
the establishment of a new economic 
order and a charter of economic rights 
and duties of states. 

In effect these documents call for the 
replacement of the economic order 
characterized by inequity, domination, 
dependence, narrow self-interest and 
segmentation by a new order based on 
equity, equality of sovereign nations, in
terdependence, common interest and 
cooperation. They seek to establish 
"new rules of the game" and to redress 
the old imbalances. In particular they 
assert the sovereignty of nations over 
their own natural resources and over the 
activities of foreign nationals and cor
porations operating within their bor
ders. That such rules and objectives had 
to be voiced is a measure of the degree 
to which the old order departed from 
principles of equity and justice on which 
all people agree and which ordinarily go 
without saying. 

These declarations by the UN Gener
al Assembly were to be translated into 
negotiable issues involving particular 
institutions and markets. The key mar
kets are those in which the developing 
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countries are suppliers (of commodities 
and of a lengthening list of manufac
tures) and in which they are customers 
(for technology and finance). The key 
institutions are those that generate and 
distribute international liquidity, partic
ularly the International Monetary Fund. 

It is no surprise to find, after half a 
decade, that the new international eco
nomic order remains largely on paper. 
Its implementation is tantamount to the 
replacement of an imposed asymmetry 
by a negotiated symmetry, an event that 
has no precedent in history. The devel
oped market-economy countries could 
hardly be expected to volunteer such re
adjustment: changes in power structures 
have always come from below. Once the 
industrial countries had weathered the 
first oil price increases and the tidal 
wave had been dissipated by the recy
cling of petrodollars back into their do
mestic markets, they found no compel
ling need to negotiate. The developing 
countries, having seized a timely mo
ment to press their demands, appear to 
have relaxed in failure to perceive their 
historic role. Nor have they, through the 
negotiation of trade-offs with one anoth
er, achieved a sufficient coordination 
of their national interests to organize 
themselves as a force with sufficient ne
gotiating power to compel recognition 
by the developed countries. 

To the developed and the developing 
countries alike the past five years of drift 
and stagflation have begun to show, 
however, that the structural problems of 
the world economy are not distinct from 
those confronting the development of 
the developing countries. Significant 
and tangible issues are ripe for negotia
tion in the impending Special Session 
of the General Assembly. Restoration 
of growth, particularly in the industrial 
countries, depends on an adequate en
ergy supply. The overall deterioration 
of the world economic situation and 
the prospect of a long and difficult con
version of energy technology to a new 
resource base give strong impetus to 
long-term oil conservation policies in 
the producer countries. Those countries 
must be given incentives to sustain or in
crease their production. In other com
modity markets as well the ending of 
hegemonic control over the natural re
sources of the new nations makes ac
cess to these resources by the developed 
countries a serious issue for internation
al economic negotiation. In the case of 
the flow of trade in manufactures the 
developing countries as a whole now 
constitute an increasingly significant 
market for a number of the industrial 
countries. In the international capital 
markets the great private financial in
stitutions are now so exposed by the 
credits they have extended to the de
veloping countries that problems in 
those countries can have a magnified 
impact on the economies of the devel
oped countries. 

The global round of negotiations will 
proceed also in the dawning realization 
by the world community that the old 
order has begun to work significant dele
terious effects on the productive base of 
the world economy. Erosion of the bal
ance between man and nature by ill-con
sidered uses of technology makes it im
possible to sustain development on the 
prevailing terms. 

In the industrial countries that cele
brate themselves as "bread baskets" 

imprudent recourse to technological in
puts may result in long-term diminu
tion and exhaustion of soil fertility. The 
tropical lands in the course of similar 
exploitation appear even more vulnera
ble. There may be no "limits to growth" 
in the short run, but there are clear limits 
to waste. 

The agenda of the 1980 Special Ses-

sion of the General Assembly thus un
derlines the need for a new system of 
managing the world economy geared to 
both equity and efficiency. Such a sys
tem must be global and must embrace 
all aspects of the economy. It must re
dress the imbalances that deter the de
velopment of the poor nations and 
must bring their productive capacity 
and their markets into the world econ
omy on terms of parity. 

In such a system the industrial coun
tries as well as the developing ones have 
a high stake. All concerned must listen 
to the voices of the poor, who have paid 
the highest price for the passing order 
and can no longer be kept in conve
nient silence. The issues call for an in
ternational politics of human survival, 
based on broad public understanding 
and statesmanship suffused with vision 
and courage. 
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DISPROPORTION between per capita G.D.P. and population increase is evident in a compar
ison of tbe data for tbe world economic categories. For tbe ricb and near-ricb, witb a per capita 
G.D.P. ranging from $15,000 to $3,500, tbe percent of annual popUlation increase is less tban 
1. For tbe otber five categories, witb G.D.P. ranging from $3,500 to $275, minimum percent of 
increase is 1.9 and tbe average is 2.25. Tbis comparison is also based on FitzGerald's tables. 
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People 
The goal of economic development is to improve the well-being 

of people. Health for all is not just a by-product of development. 

It is a primary lever for initiating the development process itself 

The ultimate goal of economic de
velopment is to improve the well
being of people. The building of 

factories, the terracing of land and the 
training of engineers are but means 
toward that end; enhancing the reputa
tion or wealth of political leaders and 
increasing the prestige or power of na
tion states are irrelevant. Improving the 
health of people is fundamental to im
proving their well-being. This being so, 
it is important to know what "health" 
means. Health has long been defined 
by the 155 member states of the World 
Health Organization (WHO) as "a state 
of complete physical, mental and social 
well-being, and not merely the absence 
of disease or infirmity." The ultimate 
goal of development can therefore be 
said to be health, in this broad sense, for 
all the people of the world. It is as simple 
as that-and as complex. 

. 

It is complex because when it comes 
to defining health policies, assigning pri
orities, allotting funds and planning and 
operating programs to give effect to the 
policies, it is not easy for political lead
ers or technical experts in either the un
derdeveloped or the developed coun
tries to keep -in mind the centrality of 
human development. There are two 
conventional ways to view the relation 
between health and development. One 
sees health as a prerequisite for develop
ment. The other sees health as a con
comitant of development. Both views 
are supported by evidence and both 
can motivate humane development pro
grams. They are not even mutually ex
clusive; rather they are mutually sup
portive. 

Health is indeed a prerequisite for 
economic and social advance. Mahatma 

by Halfdan Mahler 

Gandhi once put it: "God does not speak 
to an empty stomach or a sick body." 
Neither does the development message. 
Human energy is the fuel that drives de
velopment, the source not only of physi
cal work and other economic activity 
but also of hope for the future, social 
awareness and the ability to absorb and 
apply new knowledge, all of which are 
essential to development. Genuine mea
sures to improve health are likely to 
contribute to general socioeconomic 
advance. 

The question is not how much coun
tries can afford to spend on the health of 
their people; it is how much they can 
afford not to spend on it. Relying on 
economic calculations to determine the 
minimum fraction of a nation's resour
ces that should be devoted to health car
ries the danger of providing a theoreti
cal minimum energy level for economic 
production. The critical amount of hu
man energy in question, however, is the 
amount required to initiate social and 
economic development. Even more im
portant, when so-called health measures 
are motivated primarily by economic 
objectives, they are often not accepted 
by the public. The history of attempts to 
limit population provides a good exam
ple. People have been unwilling to limit 
their families simply because a govern
ment or a well-meaning international 
agency thinks they should do so in order 
to slow population growth and so re
lieve pressure on a country's resources 
or the world's. Health measures, includ
ing family planning, are effective only 
when they are oriented toward the per
ceived needs of individuals, families and 
communities. 

Just as health promotes development, 

TWENTY MILLION PEOPLE live in the Tokyo-Yokohama metropolitan area, which is de
fined in the partial Landsat image on the opposite page by the light bluish tone characteristic 
of urban areas in such false-color reproductions. The Tokyo-Yokohama and New York metro
politan regions are now the two largest conurbations in the world. By the year 2000, according 
to a United Nations projection, they will rank third and fourth, behind Mexico City and Sao 
Paulo. In spite of the density of population in this agglomeration and in Japan as a whole the 
health level is high (life expectancy at birth is 75', compared with 73 in the U.S. and an average 
age of 57 in the less developed countries), owing largely to rapid economic development. Fringe 
of Tokyo Bay is incised by docking facilities, indicative of role as one of world's busiest ports. 

however, so development tends to pro
mote health. There is a strong correla
tion between per capita gross national 
prod uct on the one hand and such index
es of health as life expectancy and infant 
mortality on the other. The correlation 
is observed not only when the developed 
world is compared with the underdevel
oped but also when poor countries are 
compared with the very poorest and 
when the urban and rural areas of a 
particular underdeveloped country are 
compared. 

And yet not all activities aimed at ec
onomic growth promote health. Pre
sumed economic advances can dislocate 
viable communities, worsen the lot of 
small farmers, create urban slums and 
widen income disparities. (The well
meaning "green revolution" provided 
dramatic examples of some of these ef
fects.) Development projects unattend
ed by preventive-health measures can 
increase the incidence of certain diseas
es. And, as is well known, in many devel
oped countries with advanced health es
tablishments and technology the acute 
infections have disappeared as major 
causes of death and illness only to be 
replaced by chronic mental and physical 
conditions promoted by stress, pollu
tion, industrial hazards and family dis
ruption. 

Health is a fundamental human right, 
as the constitution of WHO recognized 
more than 30 years ago. It must there
fore be pursued for itself, and not only 
as a prerequisite for development. The 
true goal of development-the well-be
ing of people-can be achieved only by 
way of an approach to development that 
is oriented to the needs of people. 

Nearly a billion people are trapped 
today in a vicious circle of poverty, 

malnutrition, disease and despair that 
saps their energy, reduces their work ca
pacity and limits their ability to plan for 
the future. For the most part they live 
in the rural areas and urban slums of 
the underdeveloped world. The depth of 
their deprivation is measured by a few 
statistics. Whereas the average life ex
pectancy at birth is some 72 years in the 
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developed countries, it is about 57 in the 
underdeveloped world as a whole; in Af
rica it is only about 49, in southern Asia 
5 1. The wide differences stem largely 
not from varying longevity but from the 
differential impact of infant and child 
mortality. Whereas fewer than 20 of 
1,000 infants born in most developed 

countries die during their first year, the 
infant-mortality rate in most develop
ing countries ranges from nearly 100 to 
more than 200; in the poorest regions of 
those countries half of all children die in 
the first year of life. Whereas the death 
rate for children between one and five is 
less than 1 per 1,000 in most developed 
countries, it averages about six in Latin 
America, 10 in Asia, 30 in northern Af
rica and more than 30 in Africa south of 
the Sahara. In a typical underdeveloped 
country more than a third of all deaths 
are among infants and children under 
five. Even for those who reach that age 
life expectancy in the underdeveloped 
countries is from six to eight years less 
than it is in developed countries. The 
extent of sickness and disability is much 
harder to document than mortality, but 
some studies have suggested that a tenth 
of the life of the average person in a de-
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veloping country is seriously disrupted 
by illness. 

The pattern of disease in the under
developed world is very different from 
the pattern in industrialized countries. 
In a typical developing country, it has 
been estimated, more than 40 percent of 
the deaths are from infectious, parasitic 
and respiratory diseases (compared with 
about 10 percent in a typical industrial
ized country, where the major causes of 
death are heart and vascular diseases 
and cancer); studies have shown that as 
the percentage of deaths due to infec
tious and parasitic disease drops life 
expectancy increases. The most wide
spread diseases in developing countries 
are diarrheal ones transmitted by hu
man fecal contamination of soil, food 
and water. Only about a third of the peo
ple in the world's poorest countries have 
dependable access to a safe water supply 
[see "Water," by Robert P. Ambroggi, 
page 100). The parasitic diseases in par
ticular are usually chronic and debilitat
ing rather than acute, and they are en
demic in most poverty-stricken areas. 

Diseases transmitted by insects and 
other vectors are also widespread and 
have serious impact in particular re-

gions. Malaria remains the most prev
alent disease in spite of the fact that it 
can be prevented by routine administra
tion of inexpensive drugs or by spraying 
to kill the Anopheles mosquito and its 
larvae; some 850 million people live in 
areas where malaria has been only par
tially controlled, another 350 million 
in areas that still lack active control ef
forts. Schistosomiasis, caused by a snail
borne parasite, is endemic in some 70 
countries, where an estimated 200 mil
lion people are infected. Onchocercia
sis, or "river blindness," is caused by a 
worm whose larvae are transmitted by 
blackflies of the genus Simulium. whose 
larvae in turn live in fast-flowing wa
ter; in some hyperendemic regions more 
than 20 percent of the adults may be 
blinded by the disease. Ironically, devel
opment projects have increased the inci
dence of schistosomiasis and onchocer
ciasis: drainage and irrigation canals 
provide a habitat for the snails, the spill
ways of dams for the blackfly larvae. 

At least some 450 million people
perhaps as many as a billion-have less 
food than is necessary for basic survival; 
in the underdeveloped world about a 
fourth of the people have a food intake 

SOUTH AFRICA 

LIFE EXPECTANCY AT BIRTH, the best single measure of the 
health level of a population, varies from less than 4S years in some of 

the poorest countries to more than 70 years in the rich countries, as is 
indicated on the map. The bars (right) show average values (weighted 
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below the critical mmlmum level [see 
"Food," by Nevin S. Scrimshaw and 
Lance Taylor, page 78]. Malnutrition 
debilitates entire populations in many 
parts of the world. It predisposes to dis
ease and death by contributing to pre
maturity and low birth weight and by 
impairing immune processes; disease in 
turn exacerbates the effects of malnu
trition by inhibiting the absorption of 
nutrients. Moreover, in some countries 
malnutrition is severe enough to be list
ed as a primary cause of death among 
children under five. And in times of fam
ine starvation kills hundreds of thou
sands of people of every age. 

The major direct cause of hunger is of 
course poverty; infections and parasites, 
poor distribution and sanitation and a 
rate of population growth that increases 
demand more than supply are contribut
ing factors. The interplay of these fac
tors perpetuates malnutrition, disease 
and in turn poverty. 

I f the poverty of nations and individ
uals is the root cause of miserable 

living conditions, why not concentrate 
on relieving poverty, to some extent re
dressing the imbalance between the rich 

AUSTRALIA 

t;Pfl 
NEW ZEALAND 

and the poor regions of the world? Cer
tainly a good argument can be made 
that the institution of a new internation
al economic order [see "Economic De
velopment," by K. K. S. Dadzie, page 
58) would in time raise the level of 
health in the underdeveloped countries. 
The association between indicators of 
material wealth and of health status has 
been demonstrated time and time again; 
it is implicit in some of the statistics I 
have cited. To an extent history rein
forces the development-first argument. 
The improvement in health standards 
that began in western Europe and the 
U.S. in the 19th century owed more to 
rising living standards than to medical 
care as such. Death rates began to drop 
in northern Europe early in the 19th 
century, long before medicine could 
cure or prevent many diseases. The inci
dence of cholera and typhoid fell in Brit
ain long before there were effective 
methods of treatment. In the U.S. the 
tuberculosis death rate dropped from 
200 per 100,000 of popUlation in 1900 
to 70 in the 1930's, before lung-collapse 
therapy or even rest in sanatoriums was 
widely prescribed; the rate had declined 
to 30 per 100,000 before a definitive 
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chemotherapy became available during 
the 1950's. 

I do not think, however, that the un
derdeveloped world can wait for eco
nomic development to have its slow ef
fect, with health as a by-product. The 
first reason is that the promotion of bet
ter health is a moral imperative in itself. 
I would argue, moreover, that it is the 
ideal lever and carrot for development. 
Good health is a fundamental goal of 
people everywhere in the world, and it 
always has been. Even people living be
low the subsistence level voluntarily de
vote substantial effort and resources to 
obtaining health support in the form of 
meaningful remedies or of placebos, 
traditional or modern. Moreover, the 
idea that people deserve decent health 
is generally accepted by policymakers; 
health aspirations are less controversial 
politically than most other social and 
economic aspirations. Finally, in spite 
of the correlations between develop
ment and health status, a number of 
countries have shown that providing 
essential health care for the total pop
ulation and improving the nutrition
al status of all the people can have a 
marked effect on life expectancy and 

by populatiou) of five indicators of health status for the world (gray), 
the more developed countries (black) and the less developed ones (col-

or). (The UN categorizes Europe, North America, the U.S.S.R., Ja
pan, Australia and New Zealand as the "more developed" countries.) 
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other health indicators even in the ab
sence of general or industrial economic 
development. 

If health is accepted as a major goal 
in its own right and as a major lever for 
economic and social development, what 
is to be done? The task is formidable. 
Most of the people of the world now 
have no access to any organized form of 
health care. The gap between levels of 
investment in health care in the affluent 
countries and in the developing coun
tries is widening. Government spend
ing for health in many underdeveloped 
countries is less than 1 percent of the 
gross national product and it seldom ex
ceeds 2 percent of the G. N. P. in any of 
them, compared with from 6 to 12 per
cent of the G. N. P. in most developed 
countries. This translates into an aver
age of a few dollars per person per year 
in the underdeveloped countries as op
posed to several hundred dollars in 
most developed ones. To make mat
ters worse, much of the spending is for 
services that reach only a small frac
tion of the population. 

The equitable distribution of health 
resources is basic to raising the gener
al standard of health in any country; 
for a poor country with limited funds 
in particular it is essential to allocate 
those funds preferentially to the most 
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deprived people. This implies proper 
choices not only among geographic and 
demographic sectors but also among 
forms and techniques of health care. 
The failure to reach the majority of the 
people can be attributed first to inacces
sibility. Rural populations are spread 
thin in most underdeveloped countries, 
and transportation is lacking. Hospitals 
are completely beyond reach for most 
people, and even scattered dispensaries 
are usually patronized only by people 
in their immediate vicinity. Well-orga
nized community health-delivery sys
tems are required, with people and com
munity health workers interacting and 
with links to and from more central 
health facilities. 

Yet in many poor countries a major 
share of the health budget has been de
voted to building hospital complexes 
that are often difficult to run because 
annual operating funds or management 
skills are lacking. More money has gone 
to establish medical schools, which train 
physicians who are reluctant to turn 
their attention from advanced medical 
research and high technology to the ba
sic needs of the population. None of this 
is surprising: the underdeveloped coun
tries, their elites and their medical estab
lishments are simply following the ex
ample of the developed world. A few 
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CLOSE CORRELATION between a country's level of health and its level of economic devel
opment is revealed when life expectancy at birth is plotted (on a linear scale) against gross na
tional product per capita (on a logarithmic scale) for a sampling of countries; the points fall 
approximately along a line. U.S. and four countries treated at length in this issue are in color. 
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years ago WHO's executive board re
ported that "widespread dissatisfaction 
among populations about their health 
services . . .  occurs in the developed as 
well as in the third world," in particular 
because of "an inability of the health 
service to deliver a level of national cov
erage adequate to meet the stated de
mands and the changing needs of dif
ferent societies, . . .  rapidly rising costs 
without a visible and meaningful im
provement in service and a feeling of 
helplessness on the part of the consum
er, who feels (rightly or wrongly) that 
the health services and the personnel 
within them are progressing along an 
uncontrollable path of their own, which 
may be satisfying to the health profes
sions but which is not what is most want
'ed by the consumer." 

Far too many of the world's medical 
schools prepare doctors not to care for 
the health of people but to cure diseases, 
and to do so by the application of in
creasingly expensive medical technolo
gy. They prepare doctors to deal with 
less common clinical conditions rather 
than with the common health problems 
of the community, to look at disease epi
sodes rather than at the whole individu
al and his or her interaction with society. 
Medical systems, and in many coun
tries the insurance systems that help to 
support them, are oriented toward inpa
tient hospital care rather than outpatient 
care, home care and self-care. Much of 
the admired technology is essentially 
"placebo" technology. I include in that 
category not only the prescription of 
many drugs currently in vogue but also 
the indiscriminate resort to coronary by
pass surgery, intensive-care units, "life 
support" systems, whole-body scanners 
and so on. In the name of "quality" med
ical care perhaps 80 percent of the 
world's health resources are being ap
plied to fewer than 10 percent of the 
world's health problems. 

In 1977 the annual World Health As
sembly resolved that the main social 

target of governments (and of WHO) in 
the coming decades should be "the at
tainment by all citizens of the world by 
the year 2000 of a level of health that 
will permit them to lead a socially and 
economically productive life"-a goal 
that is encapsulated as "health for all by 
the year 2000." In 1978 an international 
conference sponsored jointly by WHO 
and the U N  Children'S Fund at Alma
Ata in the U.S.S.R. identified primary 
health care as the key to achieving 
health for all by the year 2000. 

As the Declaration of Alma-Ata put 
it, primary health care is "essential 
health care based on practical, scien
tifically sound and socially acceptable 
methods and technology, made univer
sally accessible to individuals and fami
lies in the community through their full 
participation and at a cost that the com
munity and country can afford to main-
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INFANT AND CHILD MORTALITY can be reduced by direct ef
forts to provide health care and nutrition, according to a survey by 
the Overseas Development Council of 10 "direct intervention" proj
ects. The bars show the effects on infant mortality (color) and child 
mortality (gray) of four experimental projects, each covering a rural 
population of limited size. In the first three experiments rates in c_on-

trol villages (hatching) are compared with rates in places where med
ical care and nutrition supplements (Nigeria), nutrition alone (Peru) 
or medical care alone (India) was supplied; in Guatemala rates be
fore (hatching) and after medical-care delivery and nutrition are com
pared. Child mortality refers to deaths between one and five except iu 
Indian experiment, where it refers to deaths between one and three. 

tain at every stage of their development 
in the spirit of self-reliance and self
determination." It addresses the main 
health problems in the community, pro
viding promotive, preventive, curative 
and rehabilitative services. It includes at 
least education about health problems 
and their control, promotion of food 
supply and proper nutrition, safe water 
and basic sanitation, maternal and child 
care including family planning, immu
nization against major infectious diseas
es, control of endemic diseases, appro
priate treatment of common diseases 
and injuries and the provision of essen
tial drugs. 

The delivery of primary care, thus de
fined, is now officially the agenda for 
WHO and its member states. Four prin
ciples underlie the concept of primary 
care: a multisectoral approach, commu
nity involvement, equitable distribution 
and appropriate technology. 

The multisectoral approach is dictat
ed by the varied elements of primary 
care and the different activities and 
facilities required to implement them. 
Medical care and education by doctors, 
nurses and a broad range of auxiliary 
workers are only part of the story, pub
lic-health functions another part. Food 
production and distribution, a safe wa-

ter supply, adequate transportation to 
health facilities, decent housing and san
itation can be supplied only through the 
joint efforts of many different sectors. 
Health considerations need to be inte
grated into all aspects of development. 
To take one example, when an irrigation 
system is built in an arid region where 
certain epidemiological factors prevail, 
people need to be educated by health 
personnel about the danger of schisto
somiasis; if they are to be kept from do
ing their wash or bathing in the irriga
tion ditches, alternative facilities must 
be provided. 

The involvement of individuals in 
promoting their own health and com
munity involvement in allocating health 
resources are also essential. People want 
to feel well and keep well; they have 
notions about what health is and how to 
attain it. The value of self-care has long 
been underestimated by the medical 
professions. Given the right informa
tion, people can be influenced to avoid 
unhealthful behavior, whether it is 
smoking or chewing betel nut or aban
doning breast-feeding for powdered
milk preparations mixed with contami
nated water. Health-education pro
grams are therefore an important part 
of primary care. Involvement also 

means having a role in selecting health 
goals and priorities. Even in affluent, so
phisticated societies people are puzzled 
by medical mysticism and resentful of 
medical elitism. Rural inhabitants of de
veloping countries are all the more sus
picious of strangers who come with 
take-it-or-Ieave-it health packages, or 
promulgate rules and enforce practices 
that conflict with traditional beliefs, or 
establish arbitrary goals that do not co
incide with local priorities. A program 
for "health care" in the abstract means 
little. In a given community one chicken 
per family may make more sense, then a 
water supply within 10 minutes' walking 
distance instead of an hour's, then vacci
nation against measles and perhaps only 
then family-planning instruction and a 
dependable supply of contraceptives. 

I have already discussed at some 
length the necessity of equitable distri
bution. In developing countries (as in 
any country) that means getting the 
health care dispersed into the farthest 
reaches of rural areas and into the foul
est depths of urban slums-to precisely 
those people who have the least political 
and economic force with which to assert 
their claim. It means resisting pressures 
for excessive spending on services that 
reach only a few and instead allocating 
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funds preferentially to those in most 
need. It means developing a broad
ly based pyramidal health system, in 
which as many services as possible are 
provided as near people's homes as pos
sible but in which each level of care is 
closely supported by a higher level to 
which patients can be referred (and to 
which they can somehow get). Equity 
also demands better international distri
bution of resources for health. It is not 
likely that rich nations will skimp on 
their CT scanners or even cut back on 
their unnecessary surgery to provide 
money for training community health 
workers in the third world, but world 
interdependence requires that they help 
to provide some of the funding and 
equipment the less developed countries 
will need if they are to deliver primary 
care to all their people. 

The principle of appropriate technol
ogy, properly understood, is crucial 

to the success of any health system. It 
is often misinterpreted. "Appropriate 
technology" for the underdeveloped 
world does not mean "small is beauti
ful"; it is not a prescription for cheap, 

POPULATION 
IN 1980 
(MILLIONS) 

ANNUAL 
RATE OF 
NATURAL 
INCREASE 
(PERCENT) 

primitive technology for poor, primitive 
people. It calls instead for scientifically 
sound materials and methods that are 
socially acceptable in a particular con
text, directed against relevant health 
problems and effectively delivered, by 
affordable systems, where they are most 
needed. The generation of appropriate 
technology is not easy; often it calls for 
the highest scientific sophistication and 
perceptiveness. 

Take my own experience in tubercu
losis. When I went to India for WHO in 
the 1950's, the standard treatment was 
rest in a sanatorium; chemotherapy was 
just being developed. India had some 
three million tuberculosis cases and no 
possibility of treating them in sanatori
ums or hospitals. It was necessary to 
experiment: to develop an appropriate 
technology. The tuberculosis center in 
Madras developed the concept of inter
mittent home-based treatment with such 
drugs as isoniazid. It turned out that a 
course of treatment providing a 95 per
cent cure rate would cost so much that it 
was better to adopt a regimen providing 
about an 85 percent cure rate for 100 
times as many patients. The function of 
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WHO was to give the Indian authorities 
courage to adopt a regimen that would 
have been unacceptable in richer coun
tries. Madras standardized diagnostic 
procedures, proved the effectiveness 
of chemotherapy administered in the 
home and devised a course of treatment 
that was eventually certified by a WHO 
expert committee. 

Appropriate technology is often sim
ple technology but it is not simplemind
ed. One of the key inventions leading to 
the recent eradication of smallpox was a 
small bifurcated needle that adminis
tered just the right small dose of vaccine 
much more effectively than fancy jet in
jectors. Another example is the treat
ment of diarrheal diseases by rehydra
tion with solutions of simple chemicals. 
Trials in Mexico began in district re
hydration centers, but they were ex
pensive, required specialized personnel 
and were dependent on transportation 
systems. Further research developed 
a packet for preparing solutions that 
could be administered in the home by 
anyone. It was equally effective, much 
cheaper and locally acceptable. 

"Appropriate" implies cost-effective. 

" 't> 

RATE OF NATURAL 
INCREASE OF POPULATION 

D LESS THAN 1 PERCENT 
D 1-1.9 PERCENT 
D 2-2.9 PERCENT 
• 3 PERCENT OR MORE 

POPULATION and some factors affecting it are indicated (left) for 
the world (gray), the more developed countries (black) and the less 
developed ones (color). The rate of natural increase is the difference 

between a population's average birth rate and death rate. The total 
fertility rate is the number of children a woman would bear if she con
formed, throughout her child-bearing years, to current average age-
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The prime minister of one of the un
derdeveloped countries recently asked 
WHO to provide a computer-assisted 
whole-body scanner. I pointed out that 
this would absorb WHO's entire bud
get for his country for two years; for 
the same amount of money his coun
try could immunize all children against 
measles for 10 years, thereby saving the 
lives of perhaps 500,000 children. The 
president of another country, concerned 
about malaria, wanted help for a cam
paign against the mosquito vector. A 
vector-control campaign can be effec
tive, but it takes time; the thing to do 
right now to prevent the death of 
100,000 children a year in his country is 
to get inexpensive malaria-control pills 
to everyone suffering from the disease 
or exposed to it. 

Can primary-care strategies make any 
difference or will they have the 

same fate as many earlier well-meant 
but ineffective efforts? Most of the evi
dence in their favor has been intuitive or 
circumstantial. One would like to con
duct some broad, carefully controlled 
tests. Agricultural extension services 

might be provided, for example, to two 
groups of about a million people each, 
with a small proportion of the funds al
located in one case to primary health 
care. Would the effects of health care be 
reflected in yields per hectare? I believe 
they would be, but an experiment of this 
kind would be difficult, expensive and 
time-consuming, and there is no time 
to wait. 

A recent analysis of more limited 
studies, however, shows encouraging re
sults. Davidson R. Gwatkin, Janet R. 
Wilcox and Joe D. Wray of the Overseas 
Development Council examined the re
sults of 10 experimental projects, cover
ing from 2,000 to 65,000 people each, 
designed to improve health and nutri
tion essentially in ways supported by the 
Alma-Ata declaration; the projects had 
been carried out in various settings on 
four continents over the past 25 years. 

Their annual cost was low: from 80 
cents to $7.50 per person covered, or 
from about .5 percent to 2 percent of the 
per capita G.N.P. of the countries in
volved-close to the level of health ex
penditures reported for most developing 
countries. The basic finding is that the 

projects worked, specifically in lower
ing infant and child mortality [see illus
tration on page 71]; in some cases chil
dren's physical-growth rates were also 
increased or a high fertility level was 
reduced. The ODC report shows how 
people can be helped to extricate them
selves from the vicious circle of poverty, 
disease, malnutrition, high death rates 
and family growth in excess of family 
economic capacity. 

That brings me, at what I take to be 
the right stage of this discussion, to 

the subject of fertility rates, which is 
both more meaningful and more tracta
ble when it is examined at the level of 
the individual family than when it is 
viewed as a global "population prob
lem." Family planning and excessive 
fertility would be of concern to health 
planners even if there were no relation 
between fertility and development. As a 
result of high birth rates children under 
15 now account for about 40 percent of 
the total population of the less devel
oped countries, compared with less than 
25 percent in the more developed coun
tries. Children are particularly suscepti-
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ulation projected for the year 2000. The map shows rates of natural 
increase by country. Data for bars and map, largely from UN sour
ces, were brought up to date by the Population Reference Bureau. 
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ble to many diseases prevalent in poor 
societies, and so the death rate increases. 
Large families are harder to feed on a 
subsistence income. Crowding in unsan
itary housing spreads communicable 
diseases. Above all, high fertility in
creases maternal illness and mortality. 
Inadequate spacing of births puts a 

heavy burden on women, and there is a 
steady increase in death at childbirth af
ter the third birth. High fertility also in
creases resort to illegal abortion, which 
carries grave health risks. Such reasons 
would be enough to account for the in
clusion of family planning as a neces
sary component of primary health care 

quite apart from any development con
siderations. 

Development is, however, affected by 
population growth. As the World Popu
lation Plan of Action adopted at Bucha
rest in 1974 put it, "population variables 
influence development variables and are 
also influenced by them." Country af-
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ter country has seen painfully achieved 
increases in total output, food produc
tion, health and educational facilities 
and employment opportunities reduced 
or nullified by excessive population 
growth. Most underdeveloped countries 
therefore seek to limit their population 
growth: a UN survey in 1976 showed 
that 54 countries accounting for 82 per
cent of the developing world's popula
tion considered their fertility levels too 
high. Recently there have been signs of 
some success in lowering those levels. 
After increasing exponentially for some 
years, the world's population-growth 
rate seems to have peaked at about 2 
percent per year between 1960 and 
1965. The growth rate is now about 1. 7 
percent, and a UN projection suggests 
that current trends will bring it to less 
than 1.6 percent by the year 2000. The 
continuing World Fertility Survey in
dicates that in many underdeveloped 
countries women's expressed desire to 
have fewer children is now being reflect
ed in lowered fertility. China, with more 
than a fifth of the world's population, is 
engaged in a massive fertility-control 
campaign that has sharply lowered its 
birth rate in less than 10 years. 

Yet the rate of population growth in 
the less developed countries is still about 
2 percent per year; at current rates of 
increase almost two billion people will 
be added to the world population by the 
end of the century, nearly as many as 
were added between 1950 and 1980. 
More than 90 percent of the increase 
will be in the underdeveloped countries, 
whose population alone in the year 2000 
will be nearly twice that of the entire 
world of 1950; about 80 percent of the 
world's population will then be living 
in the underdeveloped countries. Quite 
aside from mere numbers, rapid growth 
in developing countries drives poor peo
ple from rural areas to cities. In 1980, 16 
of the world's 26 cities with more than 
five million inhabitants were in develop
ing countries; by the end of the century 
45 of the world's 60 cities of that size 
will be in developing countries. Peo
ple flock from the countryside to ur
ban slums in search of jobs and better 
services. The best way to curb this trend 
is to bring economic opportunity and 
services-including health care-to the 
r ural areas. 

The underdeveloped countries can
not shed their excess population to col
onies or North America as the industri
alized countries of Europe could when 
they were passing through a comparable 
demographic phase. And in many cases 
tradition and lack of services have ham
pered the ability of women to limit their 
families even when they wanted to. In 
response to the very real negative im
pact of excessive fertility on individuals 
and individual countries and to the more 
dramatized fear of a world "population 
explosion," efforts to spread the mes
sage of family planning through the de-
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veloping countries have proliferated in 

the past 25 years. In some cases well
meaning technocrats made misguided 
attempts to sell a technological solu
tion to unwilling villagers; sometimes 
the technology was experimental and 
not demonstrably safe, and sometimes 
this extremely sensitive subject was ad
dressed without consideration of local 
customs and beliefs. 

The Bucharest conference recognized 
formally· that "all couples and individu
als have the basic right to decide freely 
and responsibly the number and spac
ing of their children and to have the in
formation, education and means to do 
so."  The Alma-Ata declaration included 
family planning as part of the maternal
and child-care component of primary 
health care. The message of family plan
ning and the means to accomplish it are 
best delivered not by a central govern
ment but by local health workers who 
have gained the confidence of local peo
ple. They should suggest a range of tech
niques rather than a single government
prescribed method, and the techniques 
should be safe, effective and socially ac
ceptable. The lesson of recent years is 
that virtually wherever health-care fa
cilities have been made available, wom
en have demanded information and the 
necessary materials for spacing their 
children and limiting their families. Bet
ter health motivates family planning. 
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Moreover, the delivery of family-plan
ning services along with health care can 
provide an entry to the acceptance of 
other health services, and of develop
ment measures in general, in particular 
by mobilizing women to take increasing 
control of their own lives. 

I insisted at the outset that health must 
be a goal in its own right. It is also a 

primary lever for development; health is 
for people, by people-and people are 
both the subject and the object of devel
opment. Health is also primary in a 
hardheaded political sense because the 
attainment of health is a relatively unex
ceptionable goal. The rich countries that 
can provide the relatively small amount 
of funds (as well as the skills and scien
tific knowledge) the poor countries will 
continue to need in order to promote 
health must recognize, among other 
things, that many third-world health 
projects return large benefits to affluent 
countries. The eradication of smallpox, 
to take one example, is saving the afflu
ent countries billions of dollars in vac
cination, surveillance and quarantine 
costs. Smallpox eradication was not the 
most important health need in the poor 
countries, in some of which hundreds 
of thousands of children die of malaria 
every year. It was undertaken because 
it was important to worldwide health, 
and it illustrates the interdependence 
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SIZE AND AGE STRUCTURE of the population of the underdeveloped regions (color) and 
of the developed regions (gray) of the world are depicted as of 1980 (top) and as projected 
for 2000 (bottom). The shapes of the two sides of the pyramids are characteristic respectively 
of an expansive population with a high birth rate and high death rate (left) and of a nearly sta
tionary population (right). Comparison of the 19110 and 2000 shapes shows how the underde
veloped countries' large popUlation now under 15 will move into labor-force years, exacer
bating unemployment, and how baby-boom cohorts of developed countries will have aged. 
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of all the world's people when it comes 
to health problems and their solution. 

So far I have concentrated on people 
in developing countries. This does not 
mean that all is well in developed coun
tries. If most of the ill health in develop
ing countries results from poverty and 
deprivation, much of it in the developed 
countries results from abundance and 
consumerism. The health problems of 
people in these countries are all too of
ten the consequence of oversmoking, 
overeating, overdrinking, overdriving, 
overuse and abuse of drugs, overpol
lution of the environment and aliena
tion in gigantic urban agglomerations. 
Moreover, the health systems of the de
veloped countries are too costly. If the 
costs are not curbed, even the richest 
countries will not be able to maintain 
their advanced medical technology and 
at the same time to provide essential 
health care for all segments of the popu
lation. 

At a recent symposium on health for 
all in the developed countries the U.S. 
presented preliminary ideas on its strat
egy for attaining that goal for its people 
by the year 2000. The report stated that 
"behavioral risk factors are today some 
of the leading causes of unnecessary 
death and disability in the U.S . . . .  Risks 
in the physical environment include 
contamination of air, water and food; 
workplace hazards; radiation exposure; 
excessive noise; dangerous consumer 
products, and unsafe highway design. 
Risks in the socioeconomic environ
ment which affect health include income 
level, housing and employment status, 
family ties and social supports . . . .  Peo
ple need health education and informa
tion to choose healthy lifestyles and to 
make effective use of available services. 
Social pressures and many kinds of ad
vertising can support or discourage such 
choices." 

The report continued: "Lack of access 
to effective services which promote, 
maintain or restore health is associated 
with more frequent and more severe ill
ness . . . . 49 million Americans live in 
areas officially designated as medically 
underserved, 22 million in urban areas 
and 27 million in rural areas; 14.9 per
cent do not have a regular source of 
medical care; 20 to 25 million Ameri
cans have no health insurance . . .  and 
19 million Americans have inadequate 
health-insurance coverage. An addition
al 46 million Americans have inade
quate insurance against large medical 
bills. Almost half of all individuals with 
incomes below the Federal poverty level 
are not covered by Medicaid." 

The U . S. health-for-all strategy in
cludes measures to prevent disease and 
promote health, including immuniza
tions for all children and programs to 
deter smoking and prevent alcoholism. 
The strategy also aims at ensuring ac
cess to services for all Americans by 
eliminating current barriers. Health re-
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ONCHOCERCIASIS, or "river blindness," is one of the endemic dis
eases that ravage many regions of the underdeveloped world and 
could be controlled by aggressive health programs. It is caused by 
infestation with a worm, Ollchocerca volvulus, whose larvae travel 
through the skin and penetrate the eye. The disease is transmitted by 

the bite of blackflies that breed in running water; in some West Afri
can river-valley communities a fifth of the adults may be blind, as are 
these men being led through a field in Chad. Control of onchocercia
sis through medical care and elimination of its insect vector would 
open to cultivation many large fertile areas that are now abandoned. 

search is to be oriented not only toward 
the discovery of fundamental knowl
edge but also toward applying that 
knowledge to clinical practice and de
veloping better ways of organizing and 
financing health services. Finally, health 
surveillance is proposed in order to 
identify gaps in the health system, with a 
view to responding to them so that those 
at risk and in need receive priority, in 

conformity with the equity principle of 
health for all. 
I know of no country that can be com

placent about its health situation and 
health system, just as I know of no coun
try that can be complacent about its hu
man-development level. Human devel
opment implies progressive improve
ments in the quality of life. Without 
health life has little quality; even if 

health is not everything, without health 
the rest is nothing. I am saying nothing 
new. Some 2,500 years ago Heraclitus 
recognized that health is fundamental 
to human well-being and development 
when he wrote: "When health is absent, 
wisdom cannot reveal itself, culture 
cannot become manifest, strength can
not fight, wealth becomes useless and 
intelligence cannot be applied." 

DELIVERY OF HEALTH CARE to widely dispersed rural popula
tions is a major problem in underdeveloped countries. Here a mobile 

X-ray unit is at work in a remote area of Lesotho in southern Af
rica in a World Health Organization tuberculosis-control program. 

77 

© 1980 SCIENTIFIC AMERICAN, INC



Food 
The task of feeding everyone adequately calls for an investment in 
the agriculture of developing countries of more than $100 billion. 
Without a fairer distribution of income many will still go hungry 

by Nevin S. Scrimshaw and Lance Taylor 

i\equate nutrition for all human be
ings must be one of the major 
goals of development between 

now and the year 2000. Its achievement 
will be difficult and uncertain even if 
sufficient global production of food is 
attained. Although technical advances' 
in food production, food conservation 
and food processing will be needed to 
ensure food availability, meeting food 
needs will depend even more on greater 
social equity and fairer income distribu
tion within the developing countries 
themselves. External assistance can be 
of some help, but the outcome in each 
country will be determined by the effec
tiveness of measures undertaken by its 
government. With heightened aware
ness of food issues around the world and 
of both the potential and the limitations 
of the introduction of new high-yield 
crop-plant varieties (the "green revolu
tion") 1980 is a good time to attempt an 
assessment of the prospects for provid
ing all human beings with their nutri
tional needs by the end of the century. 

One way to begin the assessment is to 
look at the recent past. In the IS-year 
period between 1961 and 1976 food 
production in 94 countries classified as 
developing market economies by the 
United Nations Food and Agricultural 
Organization (FAO) expanded at the 
rate of 2.6 percent per year, barely keep
ing abreast of overall population growth 
and failing to attain levels capable of 
meeting increases in demand due to ris
ing incomes. In 1975, according to the 
conservative F AO estimate, more than 
23 percent of the people in 86 countries 
with a total population of 1.9 billion 
were undernourished. On the brighter 
side, food production expanded faster 
than population in 24 developing coun
tries. Against an annual population 
growth rate of 3 percent these countries 
raised their production of staple foods 
by 3.9 percent per year. In India, which 
accounts for nearly a third of the total 
population in the 94-country FAO sam
ple, yearly average gains in food pro
duction (2.6 percent) slightly exceeded 
population growth (2.4 percent) over the 
IS-year period. The experience of Chi-
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na, which is not included in the FAO 
sample, is uncertain, but the evidence is 
that it is close to being self-sufficient in 
food production, exporting some crops 
in most years while importing other 
crops to meet local needs. 

Collecting food statistics and judging 
nutrition"l adequacy for scores of 

diverse populations is understandably 
difficult. Planners begin by collecting in
formation about patterns of food pro
duction and consumption, country by 
country. The FAO compiles such infor
mation for the 90-odd countries classi
fied as developing and for the 30-odd 
countries regarded as developed. One 
presentation of such information is the 
food balance sheet, an accounting of the 
different types of food available for hu
man consumption. Most of the devel
oping countries have a diet consisting 
mainly of a single staple plus a small 
number of other foods.  For example, 
in Afghanistan and Pakistan the staple 
is wheat, and in Mexico and Central 
America it is maize. In the region of the 
world with the largest populations, Chi
na and southeastern Asia, the staple is of 
course rice. 

A food balance sheet is computed by 
adding food imports to domestic food 
production and subtracting exports, es
timated losses, seed and animal feed. 
The remainder is the food available 
for consumption. Although such an ac
counting helps to give a broad picture of 
the food system, its estimates are clearly 
subject to large errors. Moreover, a food 

balance sheet provides no information 
on how the available food is distributed 
among socioeconomic groups, among 
families or within families. 

A more desirable starting point would 
be data on actual food consumption. 
Even when such data are available, 
however, they are usually reported only 
for an entire household because of the 
difficulty and cost of ascertaining what 
each member consumes. Family-con
sumption studies nonetheless demon
strate the extent to which food con
sumed by a household varies with in
come. The source of supply can be ei
ther the market or foodstuffs produced 
at home, but in either case the consump
tion of protein and the total calories in
crease with family income. Diet patterns 
also change with income. Up to a certain 
income level, roughly from $250 to 
$300 per person per year (in 1980 U.S. 
dollars), the calorie intake from the lo
cal staple-food energy source tends to 
increase. At higher income levels calo
ries from fats, sugars, fruits, vegetables 
and animal products play an increasing 
role. Careful studies in selected regions, 
for example Brazil, show that both the 
amount and the nutritional quality of 
protein rise directly with income. 

The implication of such observations 
is that the monotonous, cereal-based 
diet of the poor in developing countries 
is a matter of economic necessity rather 
than choice. A poverty-level family in a 
stable social environment may be un
dernourished simply because it cannot 
afford a better diet. Disruption of the 

INTENSIVE CUL TIV A TION typical of farm areas in the highly productive northern Great 
Plains states of the U.S. is represented by the enhanced false-color Landsat image on the oppo
site page, which covers an area of approximately 7,500 square miles in the corn belt of north
ern Iowa and southern Minnesota. The rectangular strip-field pattern of agriculture character
istic of the region is aligned precisely along north-south, east-west axes. The path of the satel
lite, and hence the orientation of the image, is slightly askew (by about 13 degrees of arc). The 
border between Iowa and Minnesota runs diagonally (due east-west) across the upper half of 
the page. The principal crop grown in the region is corn, with a small admixture of soybeans 
and other crops. The image was acquired in October after most of the fields had already been 
harvested. The darkest fields have also been tilled, exposing the rich black soil for which the 
area is noted. The lightest fields have been harvested but not yet tilled; cornstalks and other 
trash account for their high reflectivity. The yellowish fields have standing ripe crops (mainly 
corn) that have not yet been harvested. The reddish fields have alfalfa and other forage crops. 
The irregular red shapes result from vegetation along streams and in other uncultivated spaces. 
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environment by war, migration or social 
pathology can only intensify the malnu
trition of a poor family. Such disrup
tions aside, malnutrition is a clear sign 
that a family cannot get enough food 
through the usual channels of produc
tion, purchase, barter or welfare distri
bution. 

Working with the relation between 
food consumption and income, 

several recent studies have tried to es
timate the number of undernourished 
people in the world. One procedure is 
to present the observed distribution of 
household income in a country in a Lo
renz curve [see illustration at left at top of 
page 84]. The horizontal axis shows per
cents of the population ordered by their 
level of household income: the bottom 
20 percent, the bottom 40 percent and so 
on. The vertical axis gives the percent 
of income that each population share 
receives. A typical Lorenz curve may 
show, for example, that the poorest 20 

DEVELOPED COUNTRIES o FOOD EXPORTERS 
o FOOD IMPORTERS 
DEVELOPING COUNTRIES 

ANIMAL PRODUCTS 

• WHEAT 
o RICE 
o MAIZE 
o MILLET AND SORGHUM 
• ROOTS AND TUBERS 
* FOOD EXPORTERS 

UNDERNOURISHED POPULATION 
• EXCEEDED 15 PERCENT IN 1975 

percent of the households receive 5 per
cent of the income, the bottom 40 per
cent receive 15 percent and so on. The 
Lorenz curve connects the points relat
ing population and income shares. 

Information about a country's income 
distribution, as summarized in a Lorenz 
curve, can be combined with food-sup
ply data from a food balance sheet and 
the observed relation between house
hold income and food consumption to 
estimate the distribution of food con
sumption by household. The fraction of 
households with predicted levels of cal
orie consumption per household mem
ber that fall below a certain cutoff point 
can be considered undernourished. The 
FAO estimates that even with the cutoff 
set at the low value of 1,600 calories per 
day (only 20 percent above the basal 
metabolic rate) more than 436 million 
people, or 23 percent of the population, 
are undernourished in a sample of 86 
poor countries. 

A working group at the new United 

Nations University in Tokyo has recent
ly emphasized that the FAO criterion 
provides for only minimal physical ac
tivity. The stringency of the FAO cal
orie standard can be judged from the 
observation of Fernando Viteri of the 
Institute of Nutrition of Central Amer
ica and Panama that when male agricul
tural laborers are offered food freely, 
they can consume 3,555 calories per 
day without gaining weight. A World 
Bank estimate based on assumptions 
less stringent than the FAO's indicates 
that 1.1 billion people, or more than a 
fourth of the world's population, are 
undernourished. 

The countries with populations most 
subject to undernourishment are those 
where the staple foods are either millet 
and sorghum or roots and tubers. In the 
FAO survey of food supplies in 1975 
more than 15 percent of the population 
was undernourished in nine of the 10 
countries in which millet and sorghum 
are the chief energy source and in 10 of 

�--

WORLD FOOD RESOURCES AND DIET PATTERNS are de
picted for the developed countries and for the developing countries 
followed by the United Nations Food and Agricultural Organization 
(F AO). Populations in the developed countries (roughly defined as 
those with annual per capita incomes greater than $300 in 1979 U.S. 
dollars) have for the most part an adequate and varied diet. Only four 
countries in the world are major exporters of cereals: the U.S., Can
ada, Australia and Argentina. Virtually all the rest, with minor excep
tions such as Thailand, are net importers. The color key shows the 

predominant source of food calories in 90 developing countries ac
cording to the most recent F AO classification. China and Mongolia, 
not included in the F AO list, are classified among the rice countries. 
A number of smaller countries, also omitted by the FAO, are assigned 
a diet similar to that of their neighbors. Black dots identify 52 devel
oping countries where more than 15 percent of the population was 
undernourished by FAO standards in 1975. (The FAO defines a diet 
containing fewer than 1,600 calories pcr day as inadequate; a typical 
"first world" diet averages about 3,100 calories per day.) The "third 
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the 11 countries in which roots and tu
bers are the chief source [see illustration 
below]. Millet and sorghum, although 
hardy crops, are looked down on by the 
more affluent consumers, who consider 
them to be poor people's foods. They 
were inc I uded to some extent in the 
plant-breeding studies that made possi
ble the green revolution, but in most 
parts of the world they have not shown 
major increases in yield, largely because 
increased supplies of fertilizer and irri
gation water have not been provided to 
make the most of improved seed. With
out irrigation even millet and sorghum 
do poorly in a severe drought. The fam
ine of the 1970's and the continuing 
precarious food situation in the belt 
of countries south of the Sahara result 
to a large extent from the combination 
of marginal rainfall and the region's de
pendence on millet as its staple crop. 

Even in countries with a fairly ade
q uate overall food supply undernour
ishment persists because of gross in-

', ; 
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NEW ZEALAND 

world" countries where wheat (browlI) and 
rice (greell) are the principal crops have been 
the most successful in meeting food demand. 
In 11 of the 17 countries where maize (yel
low) is the chief crop more than 15 percent of 
the population was undernourished in 1975. 
In populations that subsist on millet and sor
ghum (Pillk) or roots and tubers (red) some 
degree of malnutrition is virtually universal. 

equality in income distribution and the 
lack of welfare programs for the poor. 
This is most striking in relatively pros
perous Latin-American countries such 
as Chile, where wheat is the staple and 
more than 15 percent of the popula
tion remains undernourished in spite of 
successful agronomic efforts. Similarly, 
maldistribution of available food is evi
dent in countries such as EI Salvador, 
Guatemala and Honduras, where the 
diet is based on maize. 

Although a country's staple food is 
n its primary source of carbohydrate, 
it must also serve as the principal source 
of protein for much of the poor popula
tion. The degree to which this source of 
low-quality protein is supplemented by 
more valuable, or at least complementa
ry, sources of protein depends on in
come. Total protein consumption rises 
with income in parallel with calorie con
sumption. The nutritional inequality 
among income groups is thus intensified 
by differences in the composition of the 
protein consumed. The diet of poor peo
ple is lower not only in total protein but 
also in the proportion of total protein 
from animal sources and legumes. As a 
result the differences in the fraction of 
protein that can actually be utilized are 
even more marked than the differences 
in total calories. Whereas only 30 to 40 
percent of the inadequate protein calo
ries can be utilized in the diet of the 
poor, 50 to 60 percent of the more abun
dant protein calories can be utilized in 
the diet of the most affluent fraction of 
the population [see illustration at right at 
lOP 0/ page 84]. 

Within the family itself dietary defi
ciencies can arise for a variety of rea
sons. Preschool children are particular
ly at risk between the time when breast 
milk is no longer adequate as the sole 
source of food and the time when the 
children fully share the family diet. In 
developing countries this critical period 
is most commonly between the ages of 
four to six months and 18 to 24 months. 
In this period between 15 and 25 percent 
of the children suffer malnutrition and 
retardation of growth to the degree that 
their weight is between 25 and 40 per
cent less than that of well-nourished 
children. The percentages vary so much 
from country to country that overall es
timates are difficult, but judging by re
tardation in weight for age the World 
Health Organization conservatively es
timates that more than 500 million chil
dren in each age cohort suffer second
degree malnutrition or worse. If one 
were to choose weight-for-age crite
ria closer to normal values than those 
adopted by the WHO, one could reach 
numbers considerably higher than 500 
million. Evidence is accumulating from 
many studies that there is a correlation 
between impaired physical growth and 
development and increased susceptibili
ty to infection. The impairment is also 

found to alter performance on some 
tests of learning and behavior, with the 
prospect of diminished adult capacity. 

The malnutrition of infants and pre
school children will not necessarily be 
eased by increases in overall food sup
ply or even by a higher average level of 
family food consumption. Educational 
and public-health measures can some
times improve the lot of the preschool 
child, but there are limits here as well, 
depending strongly on the cultural en
vironment of the family. For example, 
in some cultures the unconscious with
holding of care from certain children 
can be interpreted as a socially sanc
tioned form of population control. 

The burden of such observations is 
that any substantial reduction in under
nutrition will depend on policies aimed 
not only at increasing the supply of food 
but also at its equitable distribution in 
meeting human needs. The task will re
quire raising both the relative income 
and the social status of those now most 
impoverished. Increased income is like
ly to be most effective in a market-ori
ented economy, where food production 
will respond to an increase in demand. 
Nevertheless, a discussion of ways to 
remedy undernutrition can be given 
more focus by first considering the role 
of farmers as the ultimate suppliers of 
the world's food. 

Dunning a manufacturing plant in
.R volves many complex decisions, but 
running a farm is hardly less complex 
and includes uncertainties of nature that 
the manufacturer is spared. In order to 
gain a better understanding of the de
cisions a small farmer faces in a poor 
developing country the week-by-week 
activities of a single farmer and his fam
ily in Yojoa, a small Honduran village, 
were carefully recorded for a year. On 
six hectares (15 acres) of land the farmer 
raises maize, rice and beans, along with 
chickens. With cash from the sale of his 
prod uce and the services of his oxen and 
oxcart the farmer buys seed, fertilizer, 
occasional labor, household necessities 
and clothes for his family. The inputs 
and outputs to this miniature "agribusi
ness" make an intricate web [see.illustra
tion on pages 86 and 87]. What cannot be 
shown on such a chart is the careful tim
ing required to keep everything running 
smoothly and on schedule. 

A small farmer with five hectares in 
the Punjab area of Pakistan faces a quite 
different but no simpler set of problems. 
Timing is again crucial: he can get two 
crops per year by adroit crop selection 
and land allocation. After his principal 
food crop, wheat, is harvested in May, 
he can plant rice and maize in June and 
July and harvest both before wheat 
must be planted again in November. 
Elsewhere on his small farm he is simul
taneously growing beans, cotton (in se
quence with a late oilseed crop such as 
rape or mustard), sugarcane and fodder 
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TRENDS IN DIET PATTERNS between the early 1960's and the 
mid-1970's, with a projection for the year 2000, have been charted 
for 88 developing countries by the F AO. Countries where the staple 
food is wheat have shown the strongest gains and promise to do best 
overaU by the year 2000. The rice countries, which include those with 
the largest populations, made no gain in calories per capita in the doz-

en years separating the first two bars but are expected to show a sig
nificant improvement by 2000. (As in other FAO studies, China is not 
included.) Although maize production per capita appears to have sta
bilized, the populations in maize-growing countries have been add
ing calories from other foods, a trend that should continue. Supple
mental foods will also be essential if diet is to improve in countries 

for draft animals [see illustration on page 
88]. How much land area to devote to 
each is a difficult decision, depending 
partly on relative prices and also on 
practical constraints such as the possible 
crop rotations, the need to have enough 
fodder for the animals and to have 
enough mechanical energy or manpow
er on hand to harvest one crop when it is 
time to plant another. 

For the farmer and his family a good 
harvest is close to being a life-and-death 
matter. He has strong incentives for 
avoiding risk. As students of peasant ag
riculture have long emphasized, the tra
ditional resistance to change in the 
countryside is based on this fact. Time
tested agricultural techniques have 
pulled peasant communities through 
good times and bad, and farmers have 
no guarantee that any new technology 
will do as well. 

Moreover, risk-sharing institutions in 
agriculture often help to maintain an in
egalitarian economic status quo. Cases 
in point are the usual forms of share
cropping and the high interest rates the 
poor are charged by the village money
lender. Such social inventions minimize 
risk at the expense of perpetuating the 
unequal distribution of both income and 
food. In effect the precarious social posi
tion of rural poor people forces them to 
accept low average food consumption 
year after year in return for social guar
antees that in a bad year they will not be 
allowed to starve by the moneylender, 
the landlord, the government authori
ty or other beneficiaries of the system's 
economic surplus. When agriculture is a 
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component of a market-directed econo
my, the traditional risks of a food short
age in a region are complicated by fluc
tuating prices for nonfarm commodi
ties: Landless laborers and o�her poor 
people tend to be victimized as their pay 
for labor lags behind rising prices in 
times of inflation, whereas the holders 
of surpluses in the system often find 
ways to cushion themselves against in
flationary shocks. A well-known means 
of such cushioning is preferential access 
to official credit. 

The experience of most poor farmers 
scarcely prepares them for turning to 
their own advantage the growing variety 
of technical innovations and the institu
tional improvements offered by the gov
ernment and other agencies. A measure 
of the importance of such innovations 
and improvements to the poor farmer is 
provided by Pakistan, where the reliable 
provision of water for irrigation and of 
inexpensive power sources for threshing 
and other operations has in recent years 
led to large gains in agricultural output. 
Also central to the green revolution, 
along with higher-yielding seed, have 
been cheaper and more reliable sour
ces of chemical fertilizers and pesti
cides and modern knowledge of mul
tiple-cropping practice. 

The consequences of such develop
ments must be evaluated in both social 
and economic terms. Will the large ab
solute profits derived from exploiting 
new technology induce large landown
ers to mechanize and throw their tradi
tional tenant farmers off the land? The 
immediate beneficiaries of the new tech-

nology must make fateful decisions. 
The way they use their new surpluses 
may further depress nutritional levels in 
a region at the same time that total- food 
production is going up. 

Against this background of micro
n economic considerations let us 
now assess the potential for increased 
agricultural output on a large scale. 
Land, water and fertilizer are the major 
agricultural inputs, along with energy, 
which is a significant component in all 
three and essential for mechanization. 
Although the dramatic increase in ener
gy costs in the past seven years has cer
tainly been burdensome for agriculture 
in the developing countries, it has not 
had the crippling impact that might 
have been expected. The explanation, 
briefly, is that as long as crop prices re
mained strong the cost of additional fer
tilizer was amply repaid. 

Could there be, on a worldwide basis, 
a shortage of land suitable for agricul
ture before the year 2000? It seems un
likely. There is room to exploit both the 
"intensive margin" of increasing yields 
and the "extensive margin" of irriga
tion and bringing larger areas under the 
plow. Since the mid-1960's a number of 
estimates have been made of the total 
amount of arable land available around 
the world. Roger Revelle of Harvard 
University, who has summarized the 
estimates, calculated in 1974 that the 
total world area available for crop
ping (counting more than once those ar
eas where multiple crops are grown) is 
about 4.1 billion hectares. Less than half 
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where the staples are millet and sorghum or 
roots and tuhers. The last har shows the typ
ical diet pattern in developed countries. In 
such countries roughly half of the daily cal
ories are supplied by separated fats and oils, 
animal products, sugar, fruits and vegetables. 

of this area is now cropped in any giv
en year, so that there is substantial 
room for agricultural expansion, pro
vided capital is available for land recla
mation and irrigation. 

Indeed, the situation may be better 
than it seemed only a few years ago. A 
new collection of soil maps prepared by 
the United Nations Educational, Scien
tific and Cultural Organization was re
cently given a fresh analysis by a group 
at the Wageningen Agricultural Univer
sity in the Netherlands. The Wagening
en group has found that only about 
three-fourths of the cultivable land in 
southeastern Asia is now in use; in earli
er estimates the fraction had been as 
high as 93 percent. The areas of po
tentially cultivable land in Africa and 
South America are far larger, more than 
600 million hectares in all. Argentina 
alone has roughly the same amount of 
cultivable land as India and has a popu
lation only 4 percent as large as India's. 
Brazil, which now farms 47 million hec
tares, has another 50 million hectares of 
savanna that is considered suitable for 
soybeans and wheat (if the aluminum
iich soils are properly treated), and 
this is without touching the ecological
ly fragile Amazon rain forest. 

Working with FAO data, Alan Strout 
of the Massachusetts Institute of Tech
nology recently estimated that bringing 
a hectare of new land under cultivation 
will prod uce .9 metric ton of cereal 
grain, a year's supply of food for about 
five people at the FAO minimum nutri
tional standard of 1,600 calories per 
day. If the land is well irrigated, the total 

production increases about fourfold to 
3.5 metric tons. Revelle has estimated 
that land available for crops through fu
ture irrigation is 1.1 billion hectares, or 
enough to feed more than 10 billion 
people at twice the F AO levels. 

The greatest potential increase in 
food production lies, however, in the 
more intensive cultivation of the some
what less than two billion hectares cur
rently devoted to crops. As against the 
3.5 metric tons of cereals that can be 
expected from a well-irrigated hectare, 
Strout estimates that the same hectare 
can yield between nine and 13 tons of 
crops if it is supplied with a ton of nutri
ent content in fertilizer (nitrogen, phos
phate and potash). Remarkably, there 
do not seem to be any diminishing 
returns to the application of fertilizer 
across a range from 20 kilograms (.02 
metric ton) per hectare in India to more 
than 500 kilograms per hectare in Bel
gium and the Netherlands. To be sure, 
chemical fertilizer requires costly oil or 
natural gas for its production, but the 
amounts required are less than 1 percent 
of the current level of world petroleum 
use. The potential crop increase from 
the application of chemical fertilizer is 
of course in addition to what might be 
achieved with organic fertilizer or the 
recycling of organic wastes. 

The benefits to be expected from the 
increased application of fertilizer, 

compared with the benefits from irriga
tion or bringing in additional land, can 
be seen in a study by Strout of the contri
bution made by these inputs and oth
ers to total crop production in a 90-
country FAO sample between the early 
1960's and the mid-1970's [see top illus
tration on page 85]. The contribution of 
new cropped land has declined since the 
early 1960's as the share attributable to 
irrigation has held steady and the share 
attributable to fertilizer has gone up. 
Fertilizer was responsible for 40 percent 
of the increase in crop output realized 
between the early 1960's and the mid-
1970's. In the same period the applica
tion of fertilizer in developing countries 
increased about fourfold, or at a rate of 
nearly 10 percent per year. Although 
there were worldwide shortages of 
fertilizer and rapidly rising prices for 
it in the mid-1970's, the annual increase 
since 1975 has actually exceeded 10 per
cent. Extrapolation of such growth rates 
in conjunction with Strout's yield esti
mates suggests that there could be crop 
surpluses in parts of the "third world" 
by the mid- or late 1980's. 

How widely the various means of in
creasing food production will be applied 
nationally and globally over the next 
two decades depends on countless deci
sions to be made by millions of farmers 
large and small, by their suppliers and 
by the people for whom they produce or 
to whom they sell. Obviously many of 
the decisions can and will be influenced 

by policies adopted by governments, by 
international agencies and research or
ganizations and by the corporations that 
are playing an ever larger role in the 
production and distribution of agricul
tural raw materials and food. 

One of the major uncertainties is price 
policy. Food and agricultural decisions 
are by their very nature highly decen
tralized. The only way most consum
ers and producers can communicate is 
through the market or an equivalent bu
reaucracy. The mutual isolation of ec
onomic agents-prod ucers on the one 
side and purchasers on the other-gets 
worse as development proceeds. Even in 
poor countries farm households where 
both production and consumption deci
sions about food are made under one 
roof are rapidly disappearing. As an in
evitable part of development, decision 
making is guided increasingly either by 
government directives or by price sig
nals from the market. In market econo
mies the key question is how to make the 
best of a situation where a price change 
not only elicits an economic response 
but also can alter real income and the 
distribution of economic power. 

An entire school of agricultural econ
n omists has followed the lead of 
Theodore W. Schultz of the University 
of Chicago in asserting that most farm
ers in developing countries are "poor 

but efficient." That is, they respond to 
price incentives and maximize profits 
within the limits of the available tech
nology. One corollary of this view is that 
if the prices are manipulated by the gov
ernment, they can easily be "wrong" and 
lead to a faulty allocation of resources. 
Examples are easy to cite. In Egypt the 
government controls the procurement 
prices of cotton and wheat but not the 
consumer price of meat. As a result 
crops have shifted from cotton and 
wheat toward clover, which is used in 
part to fatten animals for relatively 
well-to-do consumers in the towns. To 
take another case, the application of fer
tilizer responds almost everywhere to 
the ratio of fertilizer cost to the farm
gate price of the final crop; if the ratio 
goes up by 10 percent, fertilizer applica
tion per hectare drops by a percent or so. 

Such observations suggest that price 
policy is a powerful tool and one that 
governments cannot afford to wield 
carelessly. It is now recognized that 
there were harmful "second generation" 
effects in the policy of setting high crop 
prices to hasten the green revolution. 
One effect was an increase in the dis
placement of farm labor by machines. 
Moreover, high government-supported 
prices and technically induced profit in
creases for grain production led to a 
drop in legume prod uction. With leg
umes scarce and more expensive the 
already marginal diet of low-income 
groups declined further. 

Farm price policies obviously have 
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CUMULATIVE PERCENT OF POPULATION BY INCOME GROUP 

DISTRIBUTION OF HOUSEHOLD INCOME in a country can be 
summarized in the form of a Lorenz curve. Percentiles of the popu
lation, ordered by income level, are shown along the horizontal axis; 
percentage shares of the national income are represented on the ver
tical axis. In this Lorenz curve, which is typical of a fairly prosperous 
country, the poorest 20 percent of the population gets 5 percent of 
the income, the bottom 60 percent gets 25 percent and the bottom 80 
percent gets 50 percent. A widely used measure of income inequali
ty is the Gini coefficient, which is calculated as the ratio of the area 
(gray) lying between the diagonal line and the Lorenz curve to the 
area of the lower triangle. Here the ratio between the two areas is 
.4. The larger the ratio, the less equitable the distribution of incom e. 

CUMULATIVE PERCENT OF POPULATION BY INCOME GROUP 

PROTEIN CONSUMPTION BY INCOME GROUP is a valuable 
index of the adequacy of a country's nutrition. A general finding is 
that total intake of calories and total intake of protein both increase 
with income. Unfortunately not only do poor people consume less 
protein than the more affluent but also their protein is low in qual
ity, being deficient in legumes and particularly in animal products. 
The data for protein consumption by income group plotted here are 
based on the diets of 9,125 families in various parts of Brazil. The 
slanting line shows how much protein of the type actually consumed 
by families of different income levels would be needed to meet the 
FAO "safe level." One can see that the diets of the poor are even less 
adequate than would appear from total protein consumption alone. 

long-term effects as well. The capital in
vestment required for irrigation, land 
clearing and leveling, drainage and tech
nical innovation in agriculture is sub
stantial. In the recent FAO study Agri
culture: Toward 2000 it is estimated that 
the total agricultural investment in the 
90 developing countries on the FAO list 

will be $52 billion by 1980, $78 billion 
by 1990 and $107 billion by 2000. Much 
of the investment will come from within 
the economies of those countries, but 
the above amounts include an increase 
in the share of foreign exchange devot
ed to agricultural investment from 16 
percent in 1980 to 29 percent by 2000. 

These are huge sums compared with the 
few billions of dollars currently chan
neled to poor countries each year for 
agricultural purposes by the World 
Bank, the International Fund for Agri
cultural Development and similar insti
tutions. 

The implication is that the savings 
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VARIATION OF DIET WITH INCOME exhibits a pattern that is 
remarkably consistent worldwide. At the lowest income level most 
calories in the diet are supplied by the country's main food group, 
usually a cereal, which contains small amounts of vegetable fats and 
proteins in addition to carbohydrates. With rising income calories 
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from the main food group are supplanted by separated edible fats, by 
unseparated animal fats and proteins and by sugars. The diagram is 
based on the food balance sheets of 85 countries for 1960�2, which 
were analyzed by 1. Perisse, F. Sizaret and P. Fran�ois of the FAO. 
Not shown is that total calorie intake also rises sharply with incom e. 
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counterpart of this investment will have 
to be generated within the poor coun
tries themselves. As Arthur Lewis of 
Princeton University has emphasized, in 
a capitalist system savings are generated 
by shifting the real-income distribution 
toward high savers, that is, the most 
prosperous groups in the society. Such a 
distributional change can be effected by 
raising food prices, which reduces the 
real income of the low-saving poor be
cause food already absorbs much of the 
family budget. Unless remedial steps 
are taken one could well have the para
dox that price changes designed to raise 
food output will harm precisely the poor 
families, particularly in the towns, who 
need the food most; the food will be 
priced beyond their reach. 

Experience in Sri Lanka, in the state 
of Kerala in India and in a few other 
places suggests that both producer in
centives and consumer real incomes can 
be protected by a well-designed sys
tem of consumption subsidies for staple 
foods, as is also done in the U.S. and 
other developed countries. Many more 
schemes of this kind may become neces
sary if rapid agricultural growth is pur
sued in largely market-oriented econo
mies. The World Food Council, one of 
the new UN organs created in response 
to the food crises of the 1970's, is now 
trying to encourage aid donors to sup
port such programs. 

At least as important as price policy 
.fl. in guiding and raising farm out
put is technology policy. What innova
tions should the government encour
age? What kinds of agricultural research 
should it undertake? Almost superhu
man judgment seems to be called for in 
the area of food, because it is just here 
that many promising initiatives have 
had unforeseen and unfavorable sec
ond-generation consequences, have not 
taken hold as widely as predicted, have 
failed disastrously or have simply been 
irrelevant. The technologies themselves 
may not have been at fault, but the poli
cy environment in which they were ap
plied did not always benefit the poorest 
groups.  Still, without the technologi
cal advances the overall food situation 
could certainly have been much worse. 

The widespread introduction into de
veloping countries of Western concepts 
for rearing infants is a different but 
nonetheless instructive kind of exam
ple. The substitution of cow's milk or 
commercial infant-feeding formulas for 
breast-feeding by poor mothers living 
under adverse conditions has often been 
harmful for infants. The formula is of
ten overdiluted because the mother is 
trying to eke out the costly supply of it, 
and it may be contaminated by dirty wa
ter and unsanitary preparation. Beyond 
that the infant is deprived of the factors 
in breast milk that can protect it from 
the ubiquitous pathogens in poor envi
ronments. 
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V ALUE OF FERTILIZER in raising crop production is demonstrated in an analysis of fac
tors contributing to total crop production in 90 developing countries in three periods between 
1961 and 1976. The contribution made by bringing new land under the plow has declined since 
the early 1960's; the share attributable to irrigation and other factors has held fairly steady; 
the contribution attributable to fertilizer has risen sharply. The last bar shows that fertilizer 
was responsible for two-fifths of the increase between 1961-65 and 1974-76. The analysis was 
done by Alan Strout of the Massachusetts Institute of Technology on the basis of FAO data. 
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SHARP RISE IN FERTILIZER USE was reported in most developing regions of the world 
between 1961-65 and 1977. In spite of the slowdown due in part to oil shortages in 1974 and 
1975 growth resumed strongly in 1976 and 1977. Over the IS-year period ending in 1977 the 
fastest annual rate of growth was in the Near East (12.4 percent), followed by Latin America 
(11.6 percent). In Africa, China and the rest of Asia the growth rates were respectively 8.3, 
8.9 and 8.7 percent per year. The curves are again based on Strout's analysis of FAO data. 
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Among the innovations that were 
once heavily supported and publicized 
but that have since fallen by the wayside 
one may remember fish-protein concen
trate for human consumption and pro
tein from single-cell algae grown on pe
troleum substrates. The proposals them
selves are technically feasible, but they 
proved not to be economically viable 
and also resulted in food products peo
ple did not like. Opaque-2 maize (which 
has a high content of the essential amino 
acids lysine and tryptophan), antarctic 

krill and the wheat-rye hybrid triticale 
all seem to hold promise, but it is too 
early to predict their success. In short, it 
would be unwise to bank on technologi
cal breakthroughs for the long-term so
lution to food shortages. 

In retrospect one characteristic com
mon to unsuccessful food innovations is 
that they were supported "from above" 
and had little relevance to the problems 
perceived by the people the innovations 
were supposed to help. A successful new 
technology has to fit the entire socioeco-

nomic system in which it is to find a 
place. Security of crop yield, practicali
ty of storage, palatability and costs are 
much more significant than the advo
cates of new technologies have recog
nized. For example, the better protein 
quality in tortillas made from opaque-2 
maize is only a second-order benefit to a 
poor family on the margin of subsist
ence if the new maize does not match the 
yields of older varieties or is more vul
nerable to insects. There is optimism 
that new high-yielding varieties of 
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FERTILIZER, 
INSECTICIDE, 

HERBICIDE 

185 MAN-DAYS 

111 LT. MILK 
52 KG. MEAT 
27 KG. CHEESE 
12 KG. BUITER 
76 KG. SUGAR 
26 KG. COFFEE 

:> 

14 KG. TOMATOES 
2 KG. CABBAGE 

60 KG. SALT 

CLOTHES, SOAP, 
MEDICINE, LIQUOR, 

CIGAREITES, 
KEROSENE, FIREWOOD 

INPUT-OUTPUT MODEL OF FARM SYSTEM in a small Hon
duran village, Y ojoa, was constructed by Robert D. Hart, an atrono
mist with the Centro Agronomico Tropical de Investigacion y Ense
iianza in Costa Rica. For a year beginning in May, 1976, tire owner 
of a typical small farm was interviewed weekly to record in detail all 
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386 KG. FERTILIZER 
1 KG. INSECTICIDE 4 LT HERBICIDE 

195 KG. RICE SEED 

64 KG. MAIZE SEED 

( 10,845 KG. MAIZE 

( 4,385 KG. RICE 

9 KG. BEAN SEED 

< 45 KG. BEANS 
MAIZE AND RICE 

FOR CHICKENS 

EGGS < 20 DOZ. EGGS 

FAMILY 

12 KG. SALT :> 
FRUIT 

the flows of money, materials and energy on the farm. In the model 
money flows in a direction opposite to the flow of materials and ener
gy. Most of the flows were associated with the flow of money. The 
farmer earned a total of $1,830 in the year by selling maize, rice, eggs 
and family labor and by renting out his oxen and an oxcart. His to-
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opaque-2, with harder kernels to thwart 
insects, will be more widely accepted.  

To such technical difficulties must 
be added a second set of complications: 
economic and political power relations 
strongly influence the outcome of those 
innovations that are put to use. In the 
Anglo-American tradition Schultz and 
most other economists stress private 
profitability as the key factor in guiding 
technical change. Actually profitability 
is neither a necessary nor a sufficient 
condition for a new technology to be 

adopted, let alone for it to benefit the 
poor. One example is the tendency for 
new methods to favor large landowners, 
as has been demonstrated in the case of 
Argentina by Alain de Janvry of the 
University of California at Berkeley. 
Amit Bhaduri of Jawaharlal Nehru Uni
versity in New Delhi argues that efforts 
of peasants to break out of debt bondage 
by adopting more profitable rice-grow
ing methods in West Bengal have been 
frustrated by village moneylenders who 
prefer things as they are. 

· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·�.��:��;)l2·5 o.·D.· · · · · · · · · · · · · · · · · · · · · · · · · · · ·�·9; ·O�D� · · 
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AND OXEN 
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tal expenditures for tbe year amounted to $1,648, leaving a net surplus of $182. Tbere was 
a strong interaction among tbe "agroecosystems" represented by tbe farm. For example, tbe 
pasture-oxen system yielded 181 ox-days of energy, of wbicb 90 were used in double-cropping 
tbe "maize-maize" system, 2S were used in tbe rice-bean system and 66 were rented for plow
ing and bauling. Some smaller labor inputs do not appear bere because tbey were not recorded. 

Innovations that carry high rewards 
for big agribusiness groups likewise may 
harm segments of the population and 
even reduce the availability of food in a 
country. For example, the production in 
some areas of Mexico of fresh vegeta
bles for export to the U.S. worsens the 
food situation when the more profitable 
new crops take over land formerly used 
to grow staple foods. In Central Ameri
ca, to cite another example, modern 
beef-production operations have ex
panded greatly in recent years in re
sponse to a strong U.S. demand; not 
surprisingly the local price of meat has 
climbed steeply, further reducing con
sumption among the poor. 

The details of any one of these exam
ples can be debated but all of them 

contain an element of truth that most 
economists find necessary to accept. 
When a new technology promises to al
ter substantially the profits and losses 
associated with any production system, 
those who hold the balance of econom
ic power will strive to maintain and 
improve their position_ Since large seg
ments of the population of many devel
oping countries are close to the subsist
ence margin and essentially powerless, 
they tend to be the losers unless they are 
aided by a government policy that takes 
into account the needs of all sectors of 
the economy. 

In spite of the above risks the sheer 
weight of growing population makes 
it essential that capital formation and 
technical change in the food system pro
ceed. Moreover, the effort must be made 
in the third world itself. It is simply not 
feasible for the major grain-exporting 
countries (principally the U.S. ,  Canada, 
Australia and Argentina) to create ex
portable surpluses large enough to meet 
the projected food needs of poor coun
tries. Even if it were possible, there is no 
mechanism to ensure that poor people 
would have the money to acquire the 
grain that might be made available. Ex
ternal food aid is by its very nature inca
pable of solving distribution problems 
within the recipient country. Similarly, 
other proffered first-world contributions 
such as Western agricultural technology 
will fail or have harmful side effects un
less they are redesigned to suit local cir
cumstances. With all of that said, there 
are important areas in which agricultur
al research can be of decisive value. 

One is the development of new ways 
to apply simple tools to the elimina
tion of bottlenecks in food production. 
Readily utilizable energy is often a lim
iting input to agricultural production: 
energy for pumping water, threshing 
grain and tilling land for shortened crop 
intervals. Important work aimed at re
lieving this limitation is being done by 
a number of groups around the world. 
One broad goal of the work is the devel
opment of multiple-cropping systems 
for small farmers in the hope of increas-
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ing yields, reducing the need for fertiliz
er and pesticides, conserving soil and 
raising productivity on small plots of 
land. The widespread adoption of multi
ple cropping will require local research, 
effective instruction methods and ac
cess to necessary credit. The potential of 
multiple cropping is nonetheless quite 
promising because the technology is 
naturally labor-intensive and can con
tribute much to rural employment and 
development. 

Effective land reform, which might be 
called social engineering if not tech

nology, fits in nicely with small-farmer 
innovations such as multiple cropping. 
Yields per acre are usually far higher on 
small landholdings than they are on 
larger farms, since families use their 
many hands to exploit what we have de
scribed as the intensive margin. With ap
propriate support facilities and appro
priate technology land distribution to 
favor small-holder agriculture has al
ready played a large role, and it can 
play a much larger one in improving 

both agricultural production and rural
income distribution. 

On another front food losses in devel
oping countries often exceed 20 percent 
for cereals and legumes because of ro
dents, insects and molds. The losses for 
fruits and vegetables in tropical coun
tries are likely to be more than twice as 
high. Badly needed are new techniques 
of food storage and preservation de
signed for poor households and villages. 
The problem is the focus of a major pro
gram of the United Nations University. 

Western technology can also contrib
ute greatly to the prevention and control 
of disease. The worldwide eradication 
of smallpox and the means to prevent 
measles and whooping cough by immu
nization are examples. The frequent epi
sodes of diarrhea and other infectious 
diseases, coupled with the high prev
alence of intestinal parasites in poor 
countries, decrease nutrient absorption 
and increase nutrient losses. The suc
cessful treatment of such afflictions re
quires health care that actually reaches 
down to individual poor families. A 
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new program of the WHO has as its 
major purpose the delivery of primary 
health care [see "People," by Halfdan 
Mahler, page 66]. 

Finally, innovations in economic poli o 
cy can be directed specifically to aid the 
rural and urban poor. Where land re
form is politically feasible, it can secure 
both nutrition and employment for the 
poor. Food subsidies can substantially 
improve their nutritional status. Vari
ous methods have been employed, rang
ing from subsidized sales in special 
shops to food-for-work programs. A 
promising food-subsidy program is now 
being developed through the health-care 
system in Colombia. In Bangladesh the 
distribution of sorghum is being subsi
dized, and several countries are plan
ning food-stamp systems for the poor. A 
more general redistribution of income 
would be even more valuable, but in 
many parts of the world that will not 
soon be achieved. 

Producer incentives and technical im
ports can also be designed to help small 
landowners, sharecroppers and the ru
ral landless. General price subsidies are 
usually not cost-effective because they 
are likely to benefit large producers 
and even industrialists rather than the 
low-income producers. Complex lo
cal power networks (often reflected at 
the higher level as well) may oppose 
or pervert price-subsidy policies for 
their own ends. Nevertheless, such pro
grams should be instituted where they 
are needed. 

Concern for macrolevel develop
ment, industrialization, advanced tech
nology and transnational investment 
must be matched by concern and respect 
for the small farmer and for small food
production and food-processing activi
ties. In some developing countries pro
ducer cooperatives are an important 
means of bringing increased resources 
and bargaining power to the small farm
er. The result is not only improved food 
production but also higher incomes, 
less hunger and malnutrition and better 
overall health. 

Food production and consumption are 
close to the core of all human cul

tures. Proper respect for what we do not 
understand about the operation of the 
food systems of individual countries 
and societies is needed to avoid mis
takes. Programs should be tailored to 
regional and national circumstances. 
The final objective should be not only to 
ensure enough food to meet the effective 
demand (that is, food that someone will 

M J A S O N D J F M A M pay for) but also to see that human 

\. A ) needs for food are met. This means 
- ----- SUMMER ------ - -----WINTER -------" 

that world food and nutrition problems 

CROP CALENDAR OF A FARMER in the Punjab of Pakistan suggests the complexity of 
decisions he faces in choosing crops to maximize his return from a farm with a cultivable area 
of five hectares (12.5 acres). With irrigation he can obtain two crops per year, but at the same 
time be must allow for seasonal variations in supply and demand. Another major problem is 
baving enough mechanical equipment and manpower available when he needs them. He must 
have enough of both on band in November and December to plant wheat as he harvests cotton. 
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cannot be solved by concentrating on 
production alone. Equivalent attention 
must be given to appropriate distri
bution and consumption. In most coun
tries and most programs distribution 
has been slighted. 
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Keep this in your hand 
for good luck when speaking 

There is more than one way of giving a 
paper. Some are appreciated more 
than others. 

Everybody sitting i n  front of you is  
there for a somewhat different reason.  
You as the speaker have every right to  
ignore whatever their  reasons may 
be and say what you want to  say 
in whatever order you want to 
say it. Whether they like it  o r  not ,  
they'll  be respectful .  Perhaps that's 
all  you expect. 

Consider an alternative that 
might better j ustify the effort, the 
time, and the expense for you and 
them. *  

Y o u  begin b y  warming them 
up.  But unless  you are an enter
tainer by profession,  you don't do 
it with gags . You s imply state the 
gist of your message as interest
ingly and briefly as you can. Two 
or t h ree good slides should suffice 
to sup plement your words.  Better 
yet, a single one if t hey've had a 
chance to read your abstract .  

ten consumed in a triangle of i l l-con
cealed exasperation between speaker, 
operator, and projector ("No, not that 
one. Not that one either. ") o r  in 
feverishly shuffling through your over
head-projection transparencies are 

• • •  
8 .  

� EI . · � 
El m a  
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The rest of the slides in your 
tray are j ust as good, but which of 
them will  be shown and in what 
order depends on what 's on their 
minds .  Why assail  them with 
answers to questions that nobody 
present cares about? 

But here comes a question that 
your S lides 23, 24, 3 7 ,  and 39 
answer beautiful ly .  You know 
those numbers from your very 
b rief notes. That's the reason for 
those notes,  in fact . Just  punch 
those numbers into the l itt le de
vice * *  in your hand . Only those 
you order come on,  when you 
order t h e m .  The minutes so of-

f 

Kodak EC digital 
remote control capabilities 

Random selection -Automatical ly cycles one 
tray space at  a time t o any sl ide number entered 
o n  the keyboard.  The project ion lamp goes off 
d u ri n g a random-select ion change of more than 
one s l i d e  p o s i t i o n  and comes o n  when the re-

q uested s l ide  i s  i n  the gate .  (The projector lamp 
can be switched o n  if  you wish t o  see a l l  the 
i ntervening s l ides . )  

Conventional presentation in sequence but timed 
to make you finish on time-Select the n u m be r  
o f  s e c o n d s  between sl ide advances by entering 
o n  the  keyboard any i nterval from two seconds 
to two m i n utes .  

saved for fielding the next question 
and the next.  When the chair has to 
shut you off while the q uestions are 
still being well fielded , you know that 
you made no mistake in your choice of 
a career. 

This method is not at all  suit
a ble for a p residential il)augural 
address. Furthermore, it requires 
a certai n  eloquence i n  your sl ides .  
How to attain that (even for a 
more conventional presentation) 
is the subject of our book Planning 
and Producing Slide Programs. I t  
m a y  t e l l  you more than you want 
t o  know. We'll include a copy in 
our mail  response to your inquiry 
about the K odak EC d igital re
mote control t o  K odak , Dept.  
A9043, Rochester, N.Y. 1 4650. The 
$ 1 62 list p rice of the device (sub
j ect to  change without notice) i s  
hardly  enough these days t o  
finance a sales visit u nless you 
really want one.  Some details  are 
given in the fine print below. 

' Warni ng: This  alternat ive assumes y o u  
a re v e r y  much o n  t o p  of what you a re 
talking about .  
· · W h ich.  w i t h  i ts  i n tercon nect box.  you 
have con nected t o  the 7-conductor acces
sory receptacle t o  be fo und o n  most 
K o d a k  E ktagra phic  and Carousel  s l ide  
projectors .  ( I t  d oes not  operate  the m o d e l  
AF-3 o r  arc module,  and has l i mited u s e  
w i t h  t h e  K o d a k  p o c k e t  C a r o u s e l  
p roj ect o rs . )  
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Advance/ reverse-N o t  a l ways one at a t i m e .  
but  enter  on the keyboard o r d e r s  l i k e  "J u m p  

a h e a d  t o  N o .  36," "Go b a c k  to N o .  27 ,"  etc .  

D isplay - Keeps you i n formed of the s l i d e  
n u m be r  at the gate . 

80- or 1 40-slide capacity - W o r k s  with e i ther .  

Focus control - W o r ks with  proj ector  models  
t hat have the rem ote-focus fea t u re .  
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SCIENCE AND THE CITIZEN 
Vulnerable Science 

I
n spite of financial uncertainty and 

continuing inflation, the level of 
Government support for basic re

search appears to be holding reasonably 
steady. On the other hand, the level is 
not rising as the Administration once 
hoped it would, and the President's re
vised budget for fiscal year 1981 offers 
signs that the support of basic research 
may be particularly vulnerable to eco
nomic pressures. In his original budget, 
presented in January, President Carter 
reaffirmed his commitment to the sup
port of basic research: he proposed a 12 
percent increase of $541 million over 
this year's total of $4.5 billion. That 
would have amounted to a real growth 
(after inflation had been taken into ac
count) of 3.5 percent. By March, how
ever, the Administration had cut the in
crease to 7.8 percent. This amount is al
most certain to lag behind inflation and 
to mark fiscal year 1981 as the second 
consecutive year without a real increase 
in the support of basic research. Con
gress now seems likely to approve the 
March budget. Public support of basic 
research will therefore probably remain 
at 13 percent of the total research-and
development budget, about .75 percent 
of the total Federal budget and .16 per
cent of the gross national product. 

The situation is reviewed in a publica
tion of the American Association for the 
Advancement of Science, Research & 
Development AAAS Report V, by Willis 
H. Shapley, Albert H. Teich, Gail J. 
Breslow and Charles V. Kidd. Accord
ing to the report, three of the agencies 
hardest hit by the March budget revi
sions were the National Science Foun
dation, the National Aeronautics and 
Space Administration and the National 
Institutes of Health. These three are tra
ditionally regarded as being among the 
least "mission-oriented" of the Federal 
agencies that support basic research. 
The January figure for the NSF was re
duced 5.1 percent and that for NASA by 
10.5 percent. With these cuts the NSF 
shows a real growth of only 2 percent 
and NASA a real loss of more than 11 
percent. Appropriations to the NIH, pe
rennially the biggest disburser of basic
research funds, were reduced 2 percent 
in March, so that for the year the NIH 
shows a real loss of almost 4 percent. 

One realm of basic research still 
seems to have the strong support of the 
Administration, namely research spon
sored by the military. Research funds 
for the Department of Defense were re
duced 2.8 percent in March, but because 
the department's increase in January 
was larger than that of the other agen
cies, it will show a real growth of almost 
9 percent. Some nonmilitary agencies 
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were also spared by the March revi
sions. Both the Department of Energy 
and the Department of Agriculture will 
register a real increase in basic-research 
funds of between 3 and 4 percent. 

Even with real gains by certain agen
cies some workers in the physical sci
ences doubt that the support of basic 
research is keeping pace with increases 
in its true costs. "The nature of research 
has changed, with much more emphasis 
now on heavy instrumentation," com
ments Richard B. Miles of Princeton 
University. "The cost of doing the same 
piece of research has gone up faster than 
inflation." 

Another concern of scientific workers 
is that basic research cannot be ade
quately supported on a cycle of annu
al grants. Most research projects take 
longer than a year, and although many 
grants are renewed, the longer-term in
vestigations tend to be discriminated 
against. According to Leon M. Leder
man, director of the Fermi National 
Accelerator Laboratory, interruptions 
and delays in funding not only have 
shut down some accelerators but also 
have made some projects in high-energy 
physics obsolete before they could be 
completed. President Carte'r has, how
ever, endorsed legislation that would 
authorize multiyear research funding, 
and the House Committee on Science 
and Technology is urging the approval 
of such legislation by Congress. At a 
colloquium on the AAAS report held 
in June the President's science adviser, 
Frank Press, commented: "Nature does 
not yield her secrets on the basis of the 
annual budget cycle." 

Continued economic pressures such 
as those that precipitated the March 
budget revisions will encourage Federal 
agencies to fund relatively short-term, 
low-risk research, perhaps not basic at 
all. Since World War II the mission-ori
ented agencies have put large sums into 
basic research but far larger ones into 
applied research and engineering devel
opment. Because their "mission" comes 
first, it may well encroach on basic re
search when the two are competing in a 
time of straitened resources. And since, 
according to the AAAS report, the more 
mission-oriented agencies, particularly 
the Department of Defense, are now 
likely to get a larger share of the basic
research funds, the amount available for 
basic research is increasingly vulnerable 
to such shifts in emphasis. If Congress 
has continued to support basic research 
so far, comments Shapley, it may have 
done so only because of "bureaucratic 
inertia." As Robert A. Zich of the De
partment of Energy said: "When times 
are hard, it is very, very tempting for 
people on the Hill to say, 'Let's take it 
out of basic research.' When you look 

around you and see poverty and the ener
gy crisis, high-energy physics is a hard 
thing to justify." 

Galilean Satellite 

The discovery of Neptune in 1846 
provoked one of the more florid con

troversies over scientific priority. The 
existence of the planet had been de
duced and its position had been cal
culated by the English mathematician 
John Couch Adams, but no astrono
mer bothered to look where he direct
ed. Meanwhile in France, Urbain Jean 
Joseph Leverrier, whose calculations 
were completed a little after Adams', 
persuaded Johann Gottfried Galle of 
the Berlin Observatory to undertake a 
search. Galle found the planet the first 
night he looked, and credit for the pre
diction went to Leverrier. 

It has since been established that nei
ther Galle nor Adams nor Leverrier has 
an absolute claim to priority. Neptune 
had been observed almost 55 years ear
lier by Joseph Lalande, although La
lande failed to identify it as a planet. 
Now there is compelling evidence that 
Neptune was first seen very early indeed 
in the history of telescopic astronomy. 
It was noted, but again not properly 
identified, by Galileo Galilei only three 
years after he trained the first telescope 
on the heavens and 234 years before 
Galle's work. Galileo's observation is 
more than a historical curiosity. It calls 
into question the accuracy of the calcu
lated orbit of Neptune. 

Galileo's early sighting of Neptune 
was discovered by Charles T. Kowal of 
the California Institute of Technology 
and Stillman Drake of the University of 
Toronto. Kowal was interested in Nep
tune because its orbit is not known with 
the same precision as the orbits of the 
inner planets are. With a period of revo
lution of 165 years, Neptune has not 
made a complete circuit of the sun since 
the time of its discovery, which might in 
part explain the theoretical uncertain
ty in its motion. Lalande's observation, 
however, fixes the position of Neptune 
in 1795, and it does not agree with the 
predicted value. The discrepancy is only 
seven arc seconds, but astronomical ob
servations were quite accurate by the 
end of the 18th century, and so the dif
ference cannot cavalierly be written off 
as observational error. Kowal hoped to 
find another record of an early sighting 
so that he could better evaluate the pre
cision of the calculated orbit. 

From an article in Sky and Telescope 
by Steven C. Albers, Kowal learned that 
Jupiter occulted Neptune in January, 
1613. Galileo had been methodically 
charting Jupiter and its satellites since 
1610, and Kowal wondered w.hether 
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WHAT'SN EWS 
IN PATENTS? 

A continuing series 
on progress 

by GE inventors. 
Last year, General Electric inventors 

were awarded over 600 patents, adding to 
GE's unsurpassed total of over fifty thousand 

u.s. patents, past and present. Here, GE 
reports on some recent patents-

and on the inventors who won them. 

Victor Mark: 
T he firefighter. 

GE's Victor Mark has learned how to 
fight fire, not with fire, but with sulfonic 
acid salts. 

Those salts are the 

latest patent (Number 4, 197,2 32-
"Composition of a Flame-retardant 
Glass-reinforced Polycarbonate 
Resin"). 

Mark's discovery was that adding 
small amounts of sulfonic acid salts 
made a dramatic improvement in the 
flame-retardant properties of polycar
bonates. The salts are thermally stable 
during processing and do not affect the 
performance characteristics of the 
polycarbonate resin. 

one hundred patents. And he has some 
fifty patents pending. 

Bel tran, Schilling 
and Muth: 

Taking the heat off 
turbine nozzles. 

Raising the operating temperature of a 
gas turbine from 2000°F to 3000°F can 
raise the efficiency of a power-generat
ing system by no less than 12 percent. 

But turbine temperatures of 
3000°F throw a chill into materials 
engineers. At 3000°F, the nozzles that 

direct the hot gases at the turbine 
buckets must be liquid-cooled to keep 
them from disintegrating_ A trio of GE 
engineers has now come up with a re-

markable way to fabricate such noz
zles. For their work, Adrian Beltran, 
Myron Muth and Bill Schilling have 
received patent number 4,183,456-
"Method of Fabricating Liquid-cooled 
Gas Turbine Components." 

Their method uses diffusion 
bonding with hot isostatic pressure to 
produce a nozzle with a copper core and 
stainless steel reinforcing, clad with a 
superalloy. A manifold system of tubing 
is built in for the liquid coolant. 

The new nozzle is a crucial step 
along the way to more efficient turbine 
systems. Progress indeed. 

Mike Byrne: 
Farewell to false alarms. 

GE physicist Mike Byrne has truly built 
a better mousetrap with his work on 

In the typical detector, alpha par
ticles generate an ionization current 
between electrodes. When smoke parti
cles enter the detector, current drops 
between the electrodes, and the alarm 
goes off. 

Trouble was, even moderate cur
rents of nonsmoky air could sweep out 
ionized particles, causing a false alarm. 

Byrne's invention is patent num
ber 4,185,196 -"Ionization Smoke De
tector Having Improved Stability and 
Sensitivity." It consists of a new elec
trode configuration that establishes a 
high-intensity field at the peri'meter of 
the detector chamber; a low-intensity 
field at its center. The high speed of the 
ions at the perimeter stabilizes the 
device, while the reservoir of ions in the 
center increases the sensitivity. 

Smoke detectors that cause fewer 
false alarms. That's true progress. 

To learn more about GE research, 
write General Electric, 

Section 12, Fairfield, CT06431. 
T h e  r e s u l t  is L exa n®940 r------------------------------L----------------------------� 

polycarbonate-a glass-reinforced ver
sion of one of the most popular GE 
engineering plastics. Its ability to 
retard flame is helping-many manufac
turers build increased safety into their 
products. 

Mark's work in organic and 
polymer chemistry has won him over 

Weve got a patent 
on progress. 

GENERAL. ELECTRIC 
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Galileo might have seen Neptune just 
before the occultation. With Drake, Ko
wal studied Galileo's journal entries. 
They found that he saw Neptune on the 
night of December 27, 16 12, and again 
on January 28, 16 13. In spite of his 
primitive instruments and his simple 
measuring techniques, Galileo was able 
to determine the relative positions of 
Jupiter and Neptune with fair precision. 
The record of his observations leaves 
little doubt that Neptune was farther 
west than its theoretical orbit would 
put it. 

On December 27 Galileo made a dia
gram of Jupiter and its moons and add
ed to it the position of another object, 
which he took to be a fixed star but 
which turns out to have been Neptune. 
At that time the apparent motion of 
Neptune changed from direct to retro
grade, so that the planet was virtually 
stationary with respect to the fixed stars. 
Neptune must have held some special 
interest for him because he rarely in
cluded a fixed star or any other object 
in his diagrams of the Jovian moons. 

On January 28 Galileo detected an 
overnight change in the distance be
tween Neptune and a nearby fixed star 
(now designated SAO 1 19234), but he 
could not tell which of the bodies had 
moved. In other cases Galileo followed 
up such a discovery with detailed obser
vations on subsequent nights. Here he 
did not, and the reason is mysterious. 
Actually an explanation is wanting only 
for the next night, because after January 
29 he could no longer have put Jupiter, 
Neptune and SAO 1 19234 in the 15-arc
minute field of his telescope. With no 
graduated mounting for the telescope, 
and without a bright object to serve as 
a guidepost, it is unlikely that he could 
have found a planet and a fixed star that 
are invisible to the unaided eye. 

On January 29, however, Neptune 
and SAO 1 19234 must still have been in 
the same field as Jupiter. Perhaps the 
two planets were too close together then 
for Galileo to distinguish them. The 
reason he did not observe Neptune that 
night may become clear only with a 
more accurate calculation of its orbit. 

The discrepancy between Galileo's 
record of Neptune's position and the 
theoretical orbit amounts to one arc 
minute. From the record of his observa
tions of other objects and from knowl
edge of the structure of his telescope, 
Kowal and Drake have concluded that 
the difference cannot be charged to ob
servational error. One possible explana
tion is that the orbit of Neptune has 
been perturbed by gravitational interac
tions with an undiscovered planet. 

The 19th-century detection of N ep
tune itself was made possible by an or
bital irregularity. Uranus, discovered in 
178 1, exhibited small departures from 
its predicted orbit that could not be ac
counted for by the gravitational forces 
of the known planets. It was by analyz-
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ing these small errors that Adams and 
Leverrier calculated the approximate 
position of Neptune. 

Junk in the Genome 

The fundamental biological func
tion of DNA is clear enough: it is 

the genetic material. Hereditary infor
mation encoded in the sequences of its 
four chemical groups is transcribed into 
complementary sequences in the similar 
nucleic acid RNA and then is translated 
into the sequences of amino acids that 
constitute proteins; the proteins deter
mine the shape and function of every 
living cell and organism. Not long after 
this central dogma of molecular biolo
gy was proclaimed, however, it became 
clear that not all DNA codes for pro
teins. There is much more DNA in the 
cells of most organisms than would be 
required to account for the probable 
number of genes, or functional coding 
sequences. Some of the DNA is not tran
scribed into RNA at all; much of the 
RNA is discarded and never appears as 
messenger RNA, the form that can be 
translated into protein; even some of the 
messenger RNA is not translated. 

What, then, is all the DNA there for? 
Biologists try to avoid teleological rea
soning, and so they tend to ask instead: 
How has all the extra DNA been pre
served over evolutionary time? They 
assume that the genotype-the genetic 
makeup of an organism-is subject to 
natural selection. In that case, it has gen
erally been held, those DNA sequences 
should be preserved that improve the 
fitness of the phenotype: the sum of the 
traits that characterize an organism. In 
other words, the extra DNA must have 
some phenotypic function or it would 
not be there. And so functions of pre
sumed benefit to the phenotype are sug
gested. The various classes of noncoding 
DNA's are said to be present because 
they contribute to chromosome struc
ture, are required for the splicing of 
messenger RNA or regulate transcrip
tion or translation, or else because over 
the long term they facilitate the recom
bination of DNA to form new coding 
genes or provide the raw material for 
such genes. 

In two articles published in Nature a 
different view is put forward. W. Ford 
Doolittle and Carmen Sapienza of Dal
housie University in Nova Scotia sug
gest that "natural selection does not op
erate on DNA only through organismal 
phenotype," and that "sequences whose 
only 'function' is self-preservation " can 
arise and be maintained simply because 
they are successful in that endeavor. 
L. E. Orgel and F. H. C. Crick of the 
Salk Institute argue that "much DNA 
in higher organisms is little better than 
junk," spreading through the cell's ge
nome, or total complement of DNA, 
much as a not too harmful parasite 
spreads in its host. For both sets of 

authors the genome is an environment 
in which a "molecular struggle for ex
istence" is carried on among many 
DNA's. Success in the struggle comes 
not only to sequences that code for pro
teins improving the fitness of the organ
ism but also to noncoding sequences 
that are simply effective in spreading 
themselves through the genome-to 
"selfish DNA." 

The essence of the selfish-DNA hy
pothesis can be suggested by a few of the 
examples discussed. Doolittle and Sapi
enza cite transposons and insertion se
quences: short stretches of DNA that 
move from one site to another in bacte
rial chromosomes and in the small ex
trachromosomal segments of bacterial 
DNA called plasm ids. Some transpo
sons carry genes for traits such as drug 
resistance that are clearly advantageous 
to a bacterial host under some circum
stances. Others have harmful effects, 
and many transposable elements appear 
to have no genes affecting the pheno
type. It has been proposed that trans
posable elements nonetheless enhance 
long-term phenotypic fitness by helping 
to shuffle bacterial and plasmid genes. 

Doolittle and Sapienza give two rea
sons for doubting that transposable ele
ments "arose or are maintained by se
lection pressures for such evolutionary 
functions." One reason is that a trans
posed element failing to confer an im
mediate benefit is of no immediate 
advantage to the host (and indeed is 
an energetic burden). "Evolution is not 
anticipatory," they write. "Structures 
do not evolve because they might lat
er prove useful." The other reason is 
simply that no functional explanation 
is necessary: "transposability itself en
sures the survival of the transposed ele
ment" unless the effect on the phenotype 
is strongly negative. These elements 
apparently spawn copies of themselves 
within the genome, which they would 
not have to do if they were maintained 
by selection acting on the cell. If some 
copies diverge in sequence, copies that 
transpose particularly successfully will 
increase in frequency. 

Many reported characteristics of 
transposons and insertion elements sug
gest, Doolittle and Sapienza write, that 
"nonphenotypic selection may inevita
bly give rise" to just such elements. They 
propose, moreover, that the same quali
ties may explain the presence of a lot of 
other noncoding DNA: the "middle-re
petitive DNA's" of eukaryotic cells 
(nonbacterial cells, with nuclei and 
more than one chromosome). These are 
stretches of DNA in which the same se
quence is repeated from hundreds to 
many tens of thousands of times; their 
sprinkling through eukaryotic genomes 
makes "no particular phylogenetic or 
phenotypically functional sense." Per
haps they are (or once were) transpos
able elements. A similar explanation 
could account for introns, the noncod-
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The greater your management responsibilities. the less your 

contact with actual technical work. Yet building an effective
' 

staff of younger professionals and setting effective techni

cal strategies demands a familiarity with the latest develop

ments in modern science and engineering. 

In response, Carnegie-Mellon University has developed the 
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Call Frank E. Nowak (412/578-2207) for information. Or 

write Post College Professional Education, Carnegie-Mellon 

University, 405 MMCH, Pittsburgh, PA 15213. 

ing sequences that interrupt coding se
quences in many eukaryotic genes. 

Orgel and Crick maintain that natural 
selection within the genome favors the 
spreading of selfish DNA, whereas se
lection between genotypes tends to keep 
the selfish DNA to a level that is not 
metabolically disadvantageous to the 
organism. They argue that the energy 
cost of replicating a small amount of 
superfluous DNA must not be great, 
and that in any case the elimination of 
"a particular piece of junk from the ge
nome may be a very slow process." And 
once the cell has evolved a way to re
strict the spreading of that piece or to 
eliminate it, other selfish DNA's might 
arise and begin to multiply. In sum, self
ish DNA can exist and proliferate be
cause the replication of DNA is a neces
sity in the cellular environment; selfish 
DNA simply subverts essential mecha
nisms to its own purpose. 

To be sure, Orgel and Crick point out, 
a host organism may occasionally find 
some use for a selfish-DNA sequence. 
The evolution of higher organisms may 
depend not so much on new proteins as 
on new mechanisms for controlling the 
expression of genes. Sequences of DNA 
would be particularly advantageous if 
they controlled as a unit sets of genes 
that had previously been controlled sep
arately. This might come about if multi
ple copies of a repeated sequence were 
scattered through the genome in just the 
right positions to turn on or off together 
the new combination of genes. On statis
tical grounds, however, most repeated 
sequences would usually be in unsuit
able positions. It therefore seems un
likely "that all selfish DN A has acq uired 
a special function." 

The two selfish-DNA articles elicited 
a voluminous response, a sampling of 
which has since been published in Na
ture. T. Cavalier-Smith of King's Col
lege, London, cites evidence that the to
tal amount of DNA in a genome has 
effects on phenotypes "of profou

'
nd 

adaptive significance," so that selection 
favoring larger genomes rather than 
smaller oneS can sometimes be expect
ed. The wide range of DNA content 
found in eukaryotic algae alone, he con
tends, suggests that "large cells actually 
require more DNA than do small ones." 

Gabriel Dover of the University of 
Cambridge asks: "Are we yet in a posi
tion, in our ignorance of the mecha- . 
nisms of so many fundamental biologi
cal processes, to strip the bulk of these 
sequences ... of all biological activity? " 
He maintains that "when we enter the 
depths of the higher genome we should 
not abandon all hope of arriving at an 
understanding of the manner in which 
some sequences might affect the biology 
of organisms in completely novel and 
somewhat unconventional ways." 

Temple F. Smith of Northern Mich
igan University welcomes the selfish
DN A hypothesis as being supported by 
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"a variant on Occam's razor" as well as 
by considerable evidence, but he calls 
for more rigorous statistical analysis of 
such sequences as those of the transpos
able elements. He holds that it is not 
enough to prove there is a "potential for 
neutral parasitic sequences"; it is neces
sary to predict, on the basis of the self
ish-DN A hypothesis, the statistical prop
erties of particular genetic sequences. 

The selfish-DNA controversy thus 
seems to be a matter of differing empha
sis. The phenotypic-selectionists would 
assign to each newly discovered class of 
DNA's and to each new mechanism of 
replication a meaningful "biological ac
tivity," or at least they would keep the 
door open for such assignment. The pro
ponents of the selfish-DNA hypothesis 
want to direct attention to the mecha
nisms by which DNA's that have no 
proved phenotypic function ensure their 
own survival in the genome. They think 
settling for selfishness can liberate inves
tigators from a futile search for other 
ways to explain the existence of DNA's 
whose only function is survival. 

III- V Electronics 

For 20 years the intricate machines of 
microelectronics have been built al

most entirely of a single material: sili
con. Part of the reason has to do with the 
electrical properties of silicon. As an el
ement in group IV of the periodic table 
it sits on the fence between metals and 
nonmetals, and small changes in its 
composition or in external conditions 
can convert it from a conductor of elec
tricity into an insulator. There are oth
er such semiconductors, however, and 
there is another explanation for the pre
dominance of silicon: it is a peerless me
dium for the fabrication of small struc
tures. Methods have been developed for 
inscribing on silicon the most precise of 
all manmade patterns. 
. In spite of these virtues, silicon may 
yet be displaced by another semicon� 
ductor. The likely successors are not 
elemental materials but are compounds 
made up of one element from group III 
of the periodic table and one element 
from group V; they are the III-V semi
conductors. One such compound is in
dium phosphide, but its technological 
potential is highly uncertain. A better
known III-V semiconductor is gallium 
arsenide, which has been employed for 
some time in making solid-state lasers 
and light-emitting diodes. It now ap
pears that gallium arsenide may also be
come the material of choice in electron
ic devices less specialized than these. 

The particular advantage of gallium 
arsenide is speed. When electrons are 
accelerated by an applied voltage, they 
move faster in gallium arsenide than 
they do in silicon; typically the mobility 
of the electrons is from four to five times 
greater. As a result the time required to 
establish a current or to extinguish one, 
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TI.58/59 Libraries . . 28.95 Business Card NEW 

54.95 
.. 59.95 

.21.95 
. ... 44.95 

. .49.95 
39.95 

.249.95 
.54.95 

. . . ea. 14.95 
39.95 

TI.30SP. 17.95 language Translator NEW 
PC.l00C .169.95 Speak & Spell 

TI5015 64.95 Modules 
TI 5040 89.95 Chrono Alarm 806·31 

World Time Alarm-Chrono 807·3 . . 8 9 .95 

r,,;. HEWLETT INTRODUCING �a11 PACKARD THE HP-85! 
HP·67 $29 9.95 
HP·92 39 9.95 
HP·97 . . . 584.95 
HP·33C NEW .109 .95 
HP·34C NEW . . 124.95 
HP·3BC NEW .124.95 
HP·31E .4 1.95 
HP·32E . 54.95 
HP·33E 7 3.95 The HP·85 is a powerful 
HP37E 599 5 �:,;'fei;n���e ��;b����r 
HP·38E .9 4.95 CR!)P display, printer, and 
HP-41C NEW ... CALL tape drive· all in one com· 
HP·85 . NEW. CALL pact unit. 

� TI HOME COMPUTER 99/4 'i1-' Console only . . . . . . . . .. $ 799.95 
"""800 16K . • . . . . .  89 9.95 
ATARI ISTARTER SYSTEM) 

96 

ElPF IMAGINATION MACHINE . 495.00 

_,,>pIc!'computxu II Plus 16K . . ... 999.95 

tlClpplcm' NEW APPLE iii . . . .. . . . . . CALL _ 6200 NEW EXECUTIVE ... . . . .  99.95 
5813 NEW PROGRAMMABLE 34.95 

SHARP 5100 NEW LCD Alphanumeric . 89.95 
• 5 102 NE W . . . . • . . . . .  79.95 

7000 NEW Memo Writer. 124.95 

.SYSTEm X'I. COMMAND ... . 39.95 
Each Module .... 16.95 

CODE-A-PHONE 
1450 . . . . . . . . . . .. 224.95 
1500 ............ 279.95 
CHESS "]" 

89 95 CHALLENGER . . . . . . . 

ALSO: Canon, Seiko, Craig, Sanyo, Mattei, 
Pearicorder, Record-a-Call, Code-a-Phone, and 
many others. All at GREAT PRICES! 

WE WILL BEAT OR MEET ANY COMPETITOR'S PRICE ON MOST ITEMS IF HE HAS MERCHANDISE ON HAND All 
units shipped in onginal factory cartons with accessories according to manufacturer's specification. CAll TOll FREE 

(800) 854-0523 ·(outslde CAl or (714) 549-7373 (within CAl· Visa and MasterCharge: money order: Pers. Ck (14 Worklrig 

Days to Clear): COD accepted. MIN. $4.95 for shipping In USA. We ship AIR on request. CA residents add6% sales tax All 

merchandise subject to a .... allability Prices good only With thiS ad for Itmited time only�Send orders to Dept SA-SEPT 
WRITE OR CALL FOR FREE CATALOG 

&f/ camputiQue 
3111 SOUTH HARBOR BOULEVARD, SANTA ANA, CA 92704. 6 Stor .. in Cllij.rni. 

CAl. (714) 549·7373 (within 

and hence to change the state of a cir
cuit, can be much shorter. 

In view of the higher electron mobili
ty, another property of gallium arsenide 
may seem paradoxical: when it is pre
pared in an appropriate way, it makes a 
better insulator than silicon. Good insu
lation, or in other words high electrical 
resistance, can reduce the capacitance 
of an electronic device and improve the 
isolation of adjacent devices, so that 
they can be moved closer without inter
fering with one another. 

The higher electron mobility and 
higher resistance of gallium arsenide 
combine to give it an appreciable advan
tage over silicon in the speed with which 
a signal can propagate through a net
work of transistors or other devices. The 
speed is measured in terms of the high
est-frequency signal a circuit can handle 
without severe attenuation or distortion. 
For the fastest silicon devices the cutoff 
frequency is about two gigahertz, or two 
billion cycles per second. With gallium 
arsenide electronics there appears to be 
no fundamental impediment to speeds 
of from 10 to 20 gigahertz. 

The high-speed capability of gallium 
arsenide semiconductors is not a recent 
discovery. The material has not been 
widely adopted up to now, however, be
cause techniques for circuit fabrication 
comparable to those employed with sili
con do not exist. The great complexity 
of modern electronic devices has been 
made economically feasible primarily 
through the process of large-scale inte
gration: the packing together of thou
sands of circuit elements on a small chip 
of semiconductor substrate. For gallium 
arsenide technology to become practical 
it will have to be compressed in much 
the same way. 

Until recently it was not possible even 
to grow the large single crystals of high
purity gallium arsenide that would serve 
as the raw material for a III-V semicon
ductor technology. Today the crystals 
can be grown, and the main difficulties 
lie in the need to preserve the chemical 
purity and structural integrity of the ma
terial during fabrication. 

One problem arises in the course of 
doping, or introducing impurities to al
ter the electrical characteristics of the 
semiconductor. Some methods of dop
ing disrupt the orderly structure of the 
crystal. In silicon the damage can be un
done by annealing the doped material 
at high temperature. The same strategy 
cannot be followed with gallium arse
nide because the compound dissociates 
at the annealing temperature. A still 
more troublesome difficulty involves 
the "passivating" layer of insulator that 
protects the surface of the chip and in
sulates the electronic devices from the 
overlying metallic traces that intercon
nect them. In silicon technologies the 
passivating layer consists of silicon di
oxide, which is formed in place by heat
ing the chip until the surface oxidizes. 
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"There has never been a watch 
with these features for less than 
$1,000. " 
"In fact," he said, "most of what the 
industry calls "Money Watches"
watches as thin as this-sell for 
$1,000.00 to $7,000.00. This one's a 
real b reakthrough!" 

I could hardly believe my g ood  luck. This was 
exactly what I had come to New York to look for. 
But I hadn't ex pected to find it at a price so 
incredibly low. 
Thinner than even the batteries in other 
electronic watches. 

At an incredible 3.9 millimeters thin, this 
watch definitely falls into the category of what 
the watch industry calls a "Money Watch." My 
assignment was to find a watch like this that 

Roy Thomas & Associates might offer to 
customers at a price of no more than $249.95 
-hopefully, as low as $199.95. 

With most Money Watches starting at 
$1 ,000.00 and ranging up to $7,000.00, that 
seemed like a tall order. You can imagine my 
astonishment when I discovered this 
remarkable timepiece at this unusual price. 
Compare it with the 
Concord Royal Mariner. 

A recent ad for the Concord Royal Mariner
unquestionably an extremely fine timepiece-
boasts a thinness of "4 millimeters, case and all" 
and an accuracy "to within 60 seconds a year." 

Compare this with the thinness and accuracy 
of this Criterion LCD Quartz Alann/ 
Chronograph. And compare the price ... 

FEAl1JRE CONCORD CRITERION 
Thinness 4mm. 3.9 mm. 
Accuracy To 60 secJyr. To 45 secJyr. 
Price $1,390.00 $ 99.95 

What's the difference? It's a matter of gold 
We've all seen some of the things that have 

happened to precious metals in the last year or 
so. In today's market, a substance such as gold 
must be looked on primarily as an investment. 
So why wear an investment on your wrist? 

There's no longer any need. This Criterion LCD 
Quartz Alarm/Chronograph puts all of the other 
Money Watch features on your wrist for only 
$99.95-so you can leave your gold in the bank 
vault where it belongs. 
A remarkable wedding of science and art. 

I'd like you to wear a Criterion Alarm! 
Chronograph for 15 days. When you do I know 
the first thing to strike you will be its incredible 
beauty. 

Truly, this newly-develo ped, ultra-thin design 
makes your Criterion not just a watch but a 
masterpiece of the jeweler's art. Its character is 
one of refinement, elegance, taste, a reflection 
of graceful living. From the unobtrusive 
activator buttons to the handsome bracelet 
with infinite setting adjustment, this is a 
timepiece to take its place among the very 
finest. 

3.9MM 
ACTUAL 
SIZE 

The remarkable ultra-thin-design Criterion LCD Quartz Alarm/Chronograph. 
We'd thought $199.95 would be rock bottom 

Irs a pleasure to be able to offer it for this 
astonishingly low price. 

Try the fea tures that oUght to cost you 
hundreds-even thousands-more! 

There isn't room in an advertisement this size 
to comp-Ietely describe everything your 
Criterion Alann/Chronograph can do to make 
timekeeping so much simpler and more 
convenient. Thafs why I want you to put it on 
your wrist and wear it for 15 days. 

Let me at least touch on some of the features 
I'd like you to try during your 15 days ... 
'--1JIIII-.11111 • Basic Timekeeping • • •  A 

fleeting glance, any time of day, 
tells you hours, minutes. seconds. 

� __ ..J • Instant Calendar • • •  Touch a 
,atI--1iIIIIII button and get weekday, month 

and date. 
• Full Memory A1ann • • . 

""lIiI __ 11111111 Quickly set to the exact hour and 
,. minute you want. Uses a back 

mounted piezo ceramic 
transducer for versatility in case ���!1111111 design. 
.1/10 Second Chron ograph 
• • •  R ecords elapsed time up to 23 

'------' hrs" 59 mins., 59 sees. 
• 12- or 24-Hour Format • • •  For multi· 
purpose timekeeping. 
• Stainless Steel Back On Bracelet . • •  For 
corrosion-free comfort. 
• Brilliant Back Light • • •  Illuminates face 
display in the dark-quick as a wink! 
• Mineral-Hardened Crystal • • •  Rugged, 
tough, scratch-resistant and extra durable. 

Plus an important feature that's an industry 
secret! 

To a layman, it doesn't mean much. But, to 
someone in the watch industry, ifs one of the 
first things to look for-especially in a "Money 
Watch!" Ifs a 4-screw back. 

shipping and handling 
$ 99 95 plus $3.95 

When you're holding your Criterion Alarm! 
Chronograph in your hand, turn it over and see. 
Instead of the usual " pry-it-off" watch back, 
you'll see that yours is finnly screwed in place 
with four tiny screws-one in each corner. Ask a 
watch expert and he'll tell you that this feature is 
an immediate indication of the very finest 
craftsmanship. 

Would you prefer gold tone or silver tone? 
When you call, just tell the operator your 

choice. Here's the number ... 

CALL TOLL-FREE 
800-621- 5839 

(In Illinois. call 800-972-5858) 
For faster service, give this number 50-3700 

as soon as the operator answers. Lines are 
open 24 hours, 7 days a week. 

If you're using your credit card, use our tol� 
free number. If you prefer, send a check to Roy 
Thomas & AssOCiates. Inc. at the address 
below. (Illinois residents add 6% sales tax.) 
Use it risk free for 15 days. 

You must be completely satisfied. If, for any 
reason, you're not happy with your Criterion 
Alann/Chronograph, simply return it within 1 5 
days for a full refund. No questions asked. Use 
the carton it comes in to return it. 

Whatever you decide, I know you'll 
thoroughly enjoy wearing this watch for 15 
days. Order it now. 

I'� "ROYTHOMAS 
� -.... • & ASSOCIATES INC. 
733 Lee Street, Dept. 50-3700 
Des Plaines, IL 60016 
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That method will not work with galli
um arsenide, in part because the oxide 
of the compound has an irregular struc
ture, and instead of protecting the semi
conductor it disturbs the surface region. 

There is now much optimism that 
these obstacles to the development of 
gallium arsenide technology can be 
overcome. A few prototype chips that 
approach large-scale integration have 
been made, and some discrete compo
nents (as opposed to integrated circuits) 
are being manufactured commercial
ly. The first applications will probably 
come where high speed is the prime de
sideratum and where high cost can be 
tolerated. One example is in telecom
munications, where a shift to higher 
frequency can raise the capacity of a 
communications channel. Another is the 
processing and analysis of radar signals. 
If gallium arsenide technology is suc
cessful, it must eventually find its way 
into computers and other devices based 
on digital electronics. There the relation 
between speed and capability is particu
larly clear. If a computer runs 10 times 
as fast, it can do 10 times as much. 

Dante's Dimensions 

One of the most coherent and com
prehensive expositions of medieval 

cosmology is to be found in the Divine 
Comedy of Dante Alighieri. Because 
Dante narrates a tour of the universe at 
first hand he cannot be vague about the 
details of its construction. On the con
trary, from his description one could 
prepare topographic maps of Heaven, 
Hell and Purgatory. Of course, Dante's 
universe is a geocentric one, and it is 
organized largely according to theolog
ical principles; nevertheless, some of 
its imagined features seem remarkably 
well thought out. For example, Dante 
gives a plausible account of what it 
might be like to pass through the center 
of the earth, "the point to which all 
weights are drawn from every part," and 
he accurately describes the apparent 
motions of the sun and the planets as 
seen from the Southern Hemisphere. 

An interpretation of Dante that as
cribes a still greater sophistication to his 
cosmology has recently been proposed 
by Mark A. Peterson of Amherst Col
lege. From a reading of several stanzas 
in the Paradiso (the final book of the 
Divine Comedy) Peterson suggests that 
the overall topology of Dante's universe 
is that of a three-sphere, a three-dimen
sional "surface" of spherical form em
bedded in a four-dimensional space. It 
should be noted that in modern cosmol
ogies a three-sphere is considered a pos
sible configuration of the universe. It de
scribes a "closed" universe, one that has 
a finite volume but no boundaries. 

Even with the geometric intuitions 
gained through modern mathematics it 
is not easy to visualize a three-sphere. 
One aid to the imagination is to con-

98 

struct the sphere from sections, or slices, 
cut at various latitudes. For an ordinary 
sphere (a two-sphere in three-dimen
sional space) the slices are circles whose 
radius varies from zero at one pole 
through a maximum value at the equa
tor and then returns to zero at the oppo
site pole. For a three-sphere the sections 
are ordinary two-spheres whose radius 
follows the same progression. 

Another method of construction sus
pends a sphere from two poles in or
der to form the sphere of next-highest 
dimension. A circle can be suspended 
from a pole above the plane and a pole 
below the plane by connecting each of 
the poles with every point on the cir
cumference of the circle. The result is a 
pair of hollow cones joined at their bas
es, which by smoothing and reshap
ing can be made into a two-sphere; the 
joined cones are said to be topologically 
equivalent to a sphere. The procedure 
can be repeated by choosing two more 
poles, one .inside the two-sphere and one 
outside. Connecting each of these poles 
with every point on the surface of the 
two-sphere yields a topological three
sphere. In the simplest case, the original 
two-sphere becomes the equator of the 
three-sphere, equidistant at all points 
from the two poles. 

In the Divine Comedy Peterson finds 
evidence for both of these conceptions. 
The passages in question come in Canto 
28 of the Paradiso, where Dante's way
farer has already climbed above the 
spheres of the planets and the fixed stars 
to reach the Prim urn Mobile, the ninth 
sphere, which was the mainspring of the 
medieval universe. From this vantage he 
observes the Empyrean, the realm of fire 
and the dwelling place of the angels. 
The Empyrean was a feature of Aristot
le's Metaphysics, and it had been adapt
ed to Christian cosmology by Thom
as Aquinas, but it had generally been 
described in vague or abstract terms. 
Dante gave it an explicit structure. 

What the wayfarer sees as he looks on 
the Empyrean is a further set of nine 
nested spheres. They are the dominions 
of the nine orders of angels, and they 
revolve about an infinitesimal point of 
luminosity at the center. There is a geo
metrical paradox in this arrangement. 
The Empyrean was generally thought to 
surround the material universe, and in 
the preceding canto Dante has endorsed 
this view. Beatrice, the wayfarer'S guide 
in Paradise, says of the Primum Mobile, 
"Light and love enclose it in a circle, as it 
does the others." It is hard to see how the 
universe could be enclosed in a set of 
spheres whose diameters progressively 
diminish and culminate in a fixed point. 

The wayfarer himself is puzzled by 
another aspect of the Empyrean: "in 
the world of sense," he points out, the 
spheres revolve faster as they grow larg
er, but in the Empyrean the smallest 
sphere moves fastest. He asks Beatrice 
to explain this apparent lack of symme-

try, and she responds as follows (in a 
prose translation by Charles S. Single
ton of Johns Hopkins University): "The 
material spheres are wide or narrow ac
cording to the more or less of virtue 
which is diffused through all their parts. 
Greater goodness must needs work 
greater weal; and the greater body, if it 
has its parts equally complete, contains 
the greater weal. Hence this sphere [the 
Primum Mobile], which sweeps along 
with it all the rest of the universe, corre
sponds to the circle which loves most 
and knows most. Wherefore, if you 
draw your measure round the virtue, not 
the semblance, of the substances which 
appear to you in circles, you will see a 
wondrous correspondence of greater to 
more and of smaller to less, in each 
heaven with respect to its Intelligence." 

Peterson, writing in American Journal 
0/ Physics, offers a gloss on this passage. 
"The innermost angelic sphere turns 
faster than the other angelic spheres be
cause it ranks higher, just as the Primum 
Mobile turns faster than the other heav
enly spheres because it ranks higher. In 
other words, the spheres have a ranking, 
a 'greatness,' which does not necessarily 
correspond to their size (although for 
the first nine it does), but is rather indi
cated to the eye by their speed. This 
explanation strongly suggests our con
struction of the three-sphere as sliced up 
into two-spheres which first grow and 
then diminish in size, labeled by a fourth 
coordinate . . .  which simply increases. 
Indeed Dante has actually introduced 
such a fourth coordinate to label the 
spheres as they grow and diminish, 
namely their speed . . . .  His fourth di
mension is speed of revolution." 

Another stanza suggests the construc
tion of the three-sphere by suspension 
from two poles. When the wayfarer first 
notices the central light, Beatrice says 
in explanation, "on that point the heav
ens and all nature are dependent." Sin
gleton, in his commentary on the Para
diso, traces the source of the line to Ar
istotle, where the context suggests that 
the word translated as "dependent" (the 
Italian is depende) should probably 
be read as meaning "contingent" rather 
than "hanging." The more concrete and 
geometrical image must also come to 
mind, however, and indeed other trans
lators have chosen to render the line 
with "hang." If that was Dante's inten
tion, a three-sphere becomes a reasona
ble model for his universe. Indeed, there 
is no coherent method of suspending 
one set of nested spheres from another 
set except by adding a fourth dimension 
to space. The structure that results is no
tably symmetrical, and it even seems 
to be consistent with Dante's spiritual 
purpose. Each point on the surface of 
the earth acquires a direct connection 
with a pole in the interior, where Satan 
is fixed in ice, and with a pole at the 
Godhead. The earth is suspended be
tween God and Satan. 
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After November 
Satu rn Wil l  N ever 

Look the Same Agai n 

I f  y o u ' v e  a lways 
been awed by t h e  
v i s i on of Sat u r n ' s  
d e l icate r i n gs,  a n d  h a v e  
specu l ated a bo u t  t h e  
m a k e u p o f  t h os e  
myst e r i o u s  b a n d s ,  you r a n sw�rs  s t a r t  c om i n g  o n  N o v e m b e r  1 3 . 
On t h a t  d ay Voyager 1 ,  t h e  s a m e  spacecraft  t h a t  t ra n s m itted 
1 979's as tou n d i n g  v i ews of j u p i ter ,  t u r n s  i t ' s  gaze c l ose u po n  
Satu r n  a nd i t 's n e i g h b o r h oo d .  Of  co u rs e , AST R O N O M Y  w i l l  b e  
at  N A S A ' s  jet  Prop u l s i o n  L a b  to b r i n g  t h e  d i scove r i es back  
h o m e  t o  you . 

I f  Sat u r n  is j u st o n e  of t h e  d a r k  myst e r i es of d e e p  s pa ce 
t h a t  fasc i nate  y o u ,  you s h o. u l d  be rea d i ng ASTRO N O M Y  
magaz i n e  e v e r y  m o n t h .  I f  yo u ' ve b e e n  i m pressed a l l  y o u r  l i f e  b y  
swa r m s  of  su m me r  s t a r s  d r i ft i n g  t h ro u g h  t h e  n i g h t ,  a nd l i s tened 
fo r t h e  fa i n t  m us i c  of t h e  d ista n t  s p h eres,  and f e l t  the 
e x c i t e m e n t  o f  a b i l l i o n  spears  of  l i ght ,  you s ho u l d  be 
s u b s c r i b i n g  t o  A ST R O N O M Y .  

M o n t h  a f t e r  m o n t h ,  w i t h  co lorfu l observatory-q u a l i t y  
p ho t o g r a p h s ,  l a v i s h  p a i n t i ngs  a n d  cryst a l  c l e a r  w r i t i n g, 
ASTRO N O M Y  ma kes t h e  a dv e n t u re of space as e x c i t i n g  a s  
tod ay's  n ews .  W h a t  w a s  once d ry-as-dust  s c i e n c e  becomes 
t r a n sformed into eas i ly  u n d e rstood ex p l a n a t i o n s  o f  the u n i verse 
a r o u nd u s .  

Today o v e r  200,000 r e a d e r s  have e n t ered t h e  w o r l d s  o f  
ASTRO N O M Y ,  t h e  w o r l d ' s  m ost po p u l a r  ast r o n o m y  m a g a z i n e .  
j o i n  t h e m  i n  d i scover ies  a b o u t  g a l a x i e s  - red d wa rfs -
osc i l l a t i o n s  of t h e  u n iverse - t h e  S p a ce S h u t t l e  - p h otogra p h i c  

ASTRO N O M Y  
The World's Most Beautiful 

Astronomy Magazine 
1 Year $1 6 2 Years $25 
ASTRON OMY  Subscription I nvitation 

a s t r o n o m y  - b l a ck h o l es 
- s tar  sw a r ms - q u asars  -
cos m i c  d u st  clo u d s  -
a n d  m u c h  more .  

T h e r e  a r e  po p u l a r  
de p a r t m e nts l i k e  Equ i p

ment Atlas, w h i ch de lves  i n t o  ast r o n o m i ca l  " t o o l s  of t h e  t r a d e "  
for a ma t e u r s ;  E y e  on the Sky, w i t h  Sta r D o m e  m a p ,  everyo n e ' s  
m o n t h l y  t o u r  of  t h e  n i g h t  s k i es ;  Th rough the Eyepiece, 
co m p l ete i n fo rmat i o n  for a c l o se- u p  te lescope t o u r  of spec ia l  
areas ; Gazer's G azette, a s h ort cou rse in  obser v i n g  e a c h  m o n t h ;  
Stel lar  F rontiers, t a k i n g  y o u  t o  t h e  l i m its of m a n ' s  k no w l e d g e ;  
Foru m ,  t h e  h u m a n  s i d e  of  ast ro n o m y ,  w i t h  perso n a l  o p i n i o n ,  
exper i e n ces a n d  co nt rove rsy ; Photography i n  Astronomy, t o  
h e l p  y o u  master  a fasci n a t i n g  h o b b y ;  AstroNews a l l  t h e  l a t est 
n ews in s pace, and a reg u l a r  book rev iew for f u r t h e r  read i n g. 

Astro n o m y  h a s  co me of age.  We have l e a r n ed more a bo u t  
t h e  v a s t  h eavens i n  t h e  l ast 30 y e a r s  t h a n  i n  a l l  p r ev i o u s  h i sto ry.  
Today's e n t h u s ias t  can know more t h a n  the m ost e x p e r t  
p rofess i o n a l  ast r o n o mers of j ust a g e n e r a t i o n  ago ever d r e a m e d  
a b o u t .  

Beco m e  a s u bscr iber  t o  AST R O N O M Y  a n d  j o i n  u s  i n  o u r  
t r a v e l s  t h r o u g h  t h e  u n fo l d i n g  cos mos. I n  i ts  p a g e s  you f i n d  new 
wor l d s  of w o n d e rs p i l i n g  i n  on o n e  another  as you r k n o w l e d g e  
a n d  a p p reciat i o n  of  t h e  heavens grows m o n t h  by m o n t h .  

SPECIAL OFFER TO SC I E NTIF IC A M E R I C A N  READERS 
Send a check o r  mo ney order a long with your s u bscr i p t i o n  a n d  
we' l l  a d d  o n e  b o n u s  i s sue t o  y o u r  s u bsc r i p t i o n  - o u r  " T ha n k  
Y o u "  fo r h e l p i n g  t o  reduce o u r  p a pe r w o r k .  

-----------FREE ------------

Rega r d l ess of t h e  method you c h oo se for p a y m e n t ,  w e' l l  s e n d  
a l l  n ew su bscr i be rs t h i s  F R E E  S p a c e  S h u t t l e  poster b y  N A S A .  I t 's 
a h u ge 22x34" f u l l - c o l o r  cutaway of o u r  f i r st t r u e  spacesh i p  i n  
i n cred i b l e  deta i l ,  co m p lete w i t h  descr i p t i on a n d  s pecs.  We've 
so l d  h u n d reds at  $3.25,  but i t ' s  yours F R E E  w h e n  w e  receive 
y o u r  payme n t !  
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Water 
An adequate supply for agriculture, industry and people depends 
on human intervention in the water cycle and the development 
of water resources not only on the surface but also in the ground 

T
he total quantity of fresh water on 
the earth exceeds all conceivable 
needs of the human population. 

Much of the water is inaccessible or oth
erwise unavailable, however, and the 
remainder is unevenly distributed both 
from place to place and from season to 
season. In most parts of the world, there
fore, an adequate and reliable supply 
of water can be had only by active man
agement of water resources. In order to 
meet the large demands of agriculture 
and industry and the small but impera
tive demand of domestic consumption, 
water must be collected, stored, allocat
ed and distributed. The water itself falls 
from the heavens, but it is not free. Hu
man intervention in the natural water 
cycle always entails some cost, and oc
casionally the cost is high. 

By far the commonest method of con
trolling and augmenting the water sup
ply is to build dams for impounding the 
seasonal floods of streams and rivers. 
Indeed, since the Neolithic period hu
man settlements have been clustered in 
the major river basins precisely because 
water is readily available there. Today 
other techniques of water management 
are also possible, such as tapping under
ground reservoirs and diverting rivers 
from one basin into another. The impor
tance of limiting demand and of im
proving the efficiency with which wa
ter is delivered to the site of ultimate 
use has also recently been recognized. 
A common element in almost all these 
methods of water management is a need 
for large capital investments. The capi
tal requirement is inevitable: dams, ca
nals and other devices for regulating the 

by Robert P. Ambroggi 

water cycle are among the largest of the 
works of man. 

Even when geographic disparities in 
water resources are taken into account, 
there is no country whose economic de
velopment must be curtailed for lack of 
water. With proper management of sup
ply and demand, and with sufficient in
vestment, every country could meet the 
needs of its population for water, even 
under conditions of intrinsic water scar
city. It is therefore all the more inexcus
able that some 30 countries face severe 
water shortages in the next 20 years. Be
cause the lead time for large water-man
agement projects is itself about 20 years, 
any efforts to make up these deficiencies 
must be got under way soon. 

Global reserves of fresh water add 
up to more than 37 million cubic 

kilometers, enough to fill the Mediter
ranean 10 times over. More than three
fourths of this water is bound up in gla
ciers and polar ice, however, where it 
is largely beyond the reach of present 
technology. Almost all the rest consists 
of water in underground aq uifers, which 
are not yet exploited intensively. The 
main sources of supply-the waters of 
lakes and rivers and the water vapor in 
the atmosphere-make up less than 1 
percent of the total. 

The ultimate source of fresh water is 
the continuous distillation of the oceans 
by solar radiation. The annual evapora
tion of water (including transpiration by 
plants) is roughly 500,000 cubic kilo
meters, of which 430,000 comes from 
the oceans and the remaining 70,000 
from waters on the continents. Because 

RIBBON OF CULTIVATED LAND bisecting the desert is the valley of the Nile, where a suc
cessful agrarian economy depends on the almost complete utilization of the river's waters. The 
Nile has supported irrigated agriculture since 3400 B.C., but until about 100 years ago most of 
the fields were watered only by the seasonal inundation of the floodplain. The land is now un
der perennial irrigation: water is impounded behind the Aswan High Dam, released on a regu
lar schedule for downstream use and distributed by a network of canals. Some of the largest 
canals are visible in the false-color Landsat picture on the opposite page, which shows the re
gion surrounding Luxor (AI-Uqsur) in eastern central Egypt, about 200 kilometers downstream 
from Aswan. The transition to perennial irrigation has greatly improved the efficiency of Egyp
tian agriculture: crop yields have almost doubled, and two or more crops a year can now be 
grown. The river itself is fully exploited in that essentially no water is discharged into the sea. 

the amount of water vapor in the atmo
sphere is essentially constant the same 
amount of water must fall back to the 
surface as rain and snow. It is of vital 
importance to terrestrial life that a dis
proportionate share of this precipitation 
falls on land. Whereas the continents 
lose 70,000 cubic kilometers of water to 
evaporation, they receive 110,000 from 
precipitation, so that the net effect of 
the hydrologic cycle is to transfer some 
40,000 cubic kilometers of fresh water 
each year from the oceans to the con
tinents. 

Although the net continental influx is 
40,000 cubic kilometers per year, not all 
of it is available for man's use. Much is 
lost through floods or is held in the soil 
or in swamps. The maximum that might 
reasonably be applied to human purpos
es is about 14,000 cubic kilometers per 
year, which is the base flow, or stable 
runoff excluding flood waters, of all the 
world's rivers and streams and of those 
isolated underground aquifers that dis
charge directly through evaporation. Of 
this volume about 5,000 cubic kilome
ters flows in regions that are uninhabited 
and are likely to remain so because they 
are climatically unsuited to human set
tlement. Hence the effective world water 
resource, from which all needs will have 
to be met for some years to come, is 
about 9,000 cubic kilometers per year. 

The adequacy of this overall supply 
can be gauged through a simple analy
sis of the per capita need for water. For 
this purpose it is convenient to measure 
volumes of water in smaller units: cu
bic meters rather than cubic kilometers. 
(One cubic kilometer is eq ual to a billion 
cubic meters.) To sustain an acceptable 
quality of life a society must provide its 
people with about 30 cubic meters of 
water per person per year for direct do
mestic consumption. Of this allotment 
less than one cubic meter is for drink
ing. (If the quantity of drinking water 
is small, however, it should be remem
bered that the need is an absolute one, 
which cannot be deferred; moreover, 
the water must be of the highest purity.) 

Outside the highly industrialized 
countries, industry claims about 20 cu-
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bic meters of water per person per 
year. By far the largest share of the 
supply goes to agriculture. To maintain 
a diet of 2,500 calories per day requires 
300 cubic meters of water per year. In 
the wealthier nations, where the diet is 
commonly more than 3,000 calories per 
day, the agricultural water requirement 

is 400 cubic meters per year. In prac
tice much of the agricultural demand 
is supplied directly by rainfall, so that 
it remains outside the water economy. 
Even if all farming were entirely depen
dent on irrigation, however, the total de
mand for water, including domestic, in
dustrial and agricultural needs, would 

ATMOSPHERIC WATER VAPOR 
13,000 

be only from 350 to 450 cubic meters 
per person per year. Given that aver
age rate of consumption, the global wa
ter supply of 9,000 cubic kilometers per 
year (equal to nine trillion cubic meters) 
could support a world population of be
tween 20 and 25 billion. 

The flaw in this analysis is the implic-
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HYDROLOGIC CYCLE of evaporation followed by precipitation is 
the ultimate source of all fresh water on the earth. Land areas receive 
a disproportionate share of the rainfall and snowfall, and as a result 
the continents have a net influx of 40,000 cubic kilometers of water 
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per year. Reserves of fresh water greatly exceed this annual input, but 
most of the reserves consist of ice (in glaciers and the polar ice caps) 
and ground water. Lakes, streams and other surface waters, which 
are the main human supply, make up less than 1 percent of the total. 
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determined by the balance of precipitation and evaporation. The dif
ference between these quantities is the runoff carried by streams. 
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Although the. available quantity of water could-support several times 
the present human population, the geographic distribution of water 
resources is uneven and there are seasonal variations in the supply. 
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it assumption that water is distributed 
over the earth in the same way as the 
human population. The actual distribu
tion is quite different. The rural resi
dents in the southwest of the Malagasy 
Republic survive on less than two cubic 
meters of water per person per year, 
which is little more than the biological 
minimum. For this marginal water sup
ply, which is of poor quality, they pay 
$20 per cubic meter. In the U.S. and in 
other developed countries, in contrast, 
the urban population consumes 180 cu
bic meters per person per year and pays 
only $.10 to $.25 per cubic meter. Cor
recting such ineq uities is one of the goals 
of economic development. 

Agriculture, which represents the larg
.IT est demand for fresh water, is also 
the most sensitive to variations in the 
supply. More than 85 percent of the 
world's cultivated land is watered ex
clusively by rainfall. These rain-fed 
crops take advantage of an enormous 
volume of water, obtained at essentially 
no cost, much of which would not other
wise be of any benefit to man. In 1970 
rain-fed agriculture consumed 11,500 
cubic kilometers of water; in the same 
year 2,600 cubic kilometers were em
ployed in irrigated agriculture on 12 
percent of the world's cultivated land. 

Considering the quantities of water 
required, irrigation obviously could not 
De extended to all the world's farmed 
land, even if that were desirable. Where 
irrigation is economically feasible, how
ever, it brings at least four potential ben
efits. It often brings an absolute increase 
in the area under cultivation, particular
ly on arid lands that could not be farmed 
at all without irrigation. It can also in
crease the yield of a crop: the amount of 
grain, say, obtained per hectare planted. 
When irrigation is combined with other 
practices for increasing the efficiency 
of agriculture, such as the planting of 
improved crop varieties and the applica
tion of fertilizer and pesticide, yields can 
be increased by a factor of three or four. 

A third way in which irrigation can 
augment total food production is by 
making it possible to grow more than 
one crop per year on a given tract of 
land. The raising of such multiple crops 
has the same effect on the food supply as 
an increase in the area under cultivation. 
Indeed, in measuring the harvested area 
of land the effects of multiple cropping 
are included by counting twice those 
areas that yield two crops and count
ing three times those that yield three. 
This procedure gives a simple measure 
of cropping intensity: the ratio of har
vested area to the total area under culti
vation. Because part of the land can be 
harvested more than once each year, the 
ratio can exceed 1. In rain-fed agricul
ture the cropping intensity worldwide is 
now .71, and it is expected to reach . 76 
by the end of the century. Under irriga-
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GLOBAL WATER SUPPLY consists mainly of the base flow, or stable runoff, of rivers and 
streams. Of the net continental influx of 40,000 cubic kilometers per year all but about 12,000 
cubic kilometers runs directly to the sea in floods. A small fraction of the flood water can now 
be captured by dams, so that by the end of the century the stable and regulated runoff will 
amount to 14,000 cubic kilometers. Of this amount, however, some 5,000 cubic kilometers 
flows in sparsely inhabited regions, such as rain forests; hence the total volume of water readi
ly available at the end of the century will be about 9,000 cubic kilometers per year. Actual con
sumption then will be about 3,500 cubic kilometers, but water made unusable by pollution will 
effectively add another 3,000. Total demand, which includes requirements for water that is not 
consumed but must still be made available, will reach almost 7,000 cubic kilometers per year. 

103 

© 1980 SCIENTIFIC AMERICAN, INC



tion the cropping intensity is now 1.11, 
and an increase to 1.29 is expected by 
the year 2000. In three countries, Ban
gladesh, China and Egypt, where arable 
land is at a premium and there is a long 
tradition of intensive cultivation, the 
cropping intensity already exceeds 1.5. 
At the end of the century irrigated land 
will make up only 13 percent of the area 
cultivated, but because of differences 
in cropping intensity it will account for 
22 percent of the harvested area. 

A fourth benefit of irrigation is en
hanced security for the farmer. Seasonal 
rainfall cannot be predicted with any re
liability, and so there is a risk in rain-fed 
agriculture that after a crop is planted 
there will not be enough moisture for it 
to reach its full yield. Such a crop failure 
over a large area can lead to famine, but 
even when it is isolated, it is an econom
ic disaster for the farmer. An irrigation 
system with a large reserve of water, ei
ther impounded behind a dam or in an 
underground aquifer, eliminates much 
of the risk. Years in which rainfall is 
scant need not curtail production, since 
the reserve accumulates over several 
years or many years. Knowing that an 
adequate supply of water is assured, the 
farmer may be more inclined to plant 
high-yield varieties (which tend to be in
tolerant of drought) and to invest in fer
tilizer, pesticides and farm machinery. 

The great successes of irrigated ag
riculture are found mainly in Asia; 

indeed, 63 percent of the world's irri
gation capacity is in southern Asia. In 
much of this region yields of rice and 
wheat have doubled and the cropping 
intensity has almost doubled too, reach
ing an average value of 1.3. As a result 
total production has increased almost 
fourfold. The most efficient agricultur
al system in the world is an Asian one 
and is almost entirely under irrigation. 
It is the system of Japanese rice cul
ture, where .045 hectare of land suffices 
to provide 2,500 calories per day for 
one person. In the U.S. twice as much 
land is needed to provide the same diet, 
and under the Indian system of agricul
ture almost seven times as much land is 
needed. 

Irrigation projects elsewhere in the 
world have been notably less effective 
in raising total food production. In Af
rica, Latin America and the Near East 
the cropping intensity of irrigated land 
ranges from .77 to 1.07, and there have 
been few significant gains in yield over 
the values that can be achieved with 
rain-fed agriculture. Africa is a partic
ularly instructive case in that an am
bitious plan to regulate water resour
ces has been undertaken there, and yet 
the effects on agriculture (except on the 
Nile) have so far been disappointing. 

What feature of irrigated agriculture 
in southern Asia distinguishes it from 
that in the rest of the developing world? 
It is unlikely that any single factor can 
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ON-SITE USES STREAMFLOW USES 

MULTIPLE FUNCTIONS can be served by a single volume of water in a well-managed wa
tershed. On-site uses, the most important of which is rain-fed agriculture, benefit from water 
that in most cases would not otherwise enter the economy. Streamflow uses are often noncon
sumptive in that the water remains available for further exploitation downstream, but they 
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MAJOR RIVER BASINS have long been the main focus of human societies, and they remain 
the most favorable sites for irrigated agriculture, for industry and for large cities. All rivers with 
an average annual discharge greater than 30 cubic kilometers are shown. The bar graphs give 
the stable runoff (in cubic kilometers) of all rivers on each continent, including the many small-
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WITHDRAWAL USES 

DOMESTIC CONSUMPTION 

IRRIGATED 
AGRICULTURE 

WITHDRAWAL EFFLUENT 
DILUTION 

must still be counted among the demands made on the total supply. 
For example, maintaining sufficient river depth for navigation may 
require the release of water from a dam. Withdrawn water is some
times consumed directly, as in irrigated agriculture, where much of 
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er rivers that are not shown. The runoff is regulated by natural under
ground reservoirs (light gray) and by dams (dark gray). Some of the 
largest rivers are virtually un exploited because they flow through re
gions (white areas) where the terrain or climate is unsuited to large set-

EFFLUENT 
RETURN 

the water supplied is lost through evaporation and through transpira
tion by plants. Withdrawals can also give rise to indirect demands: 
when water that carries pollutants is returned to a stream, additional 
water must be provided to dilute the effluent to an acceptable level. 
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t1ements. The Amazon and the Congo, which have the largest flows 
of all rivers, fall into this category. In the more densely populated 
parts of the world (colored areas) a number of smaller rivers (such as 
the Nile, the Indus and the Yangtze) have been intensively developed. 
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account for all the difference, but a plau
sible analysis might begin with an exam
ination of the economic circumstances 
of the individual farmer. In most of 
southern Asia, where population densi
ty is high, arable land is scarce and ex
pensive. A farmer who seeks to increase 
his production generally cannot do so by 
acquiring more land. He therefore has a 
strong incentive to adopt methods that 
promise higher yields or higher crop
ping intensity. In Africa and in Latin 
America the shortage of arable land is 
much less severe, and the successful 
farmer who finds he has surplus capital 
may conclude that additional land rep
resents a more secure investment than 
improved agricultural techniques. It is 
worth noting that this situation can be 
expected to change in the coming dec
ades. As population increases, a larger 
proportion of the arable land will be 
brought under cultivation, so that inten
sive agriculture may become more at
tractive economically. 

It is apparent from the highly nonuni
form results of irrigation projects under
taken in the past 20 years that there is 
more to the development of agricultural 
water resources than building dams and 
delivering water to the fields. Indeed, if 
the needs and the practices of the farmer 
are not taken into account, or if the hy
drology of the soil is not understood, 
irrigation can occasionally do more 
harm than good. An example is the wa
terlogging of soil that results when large 
volumes of water are applied over a 
long period to flat land with poor drain
age. Because the water cannot drain 
away it percolates through the soil and 
raises the level of the underground wa
ter table. When the ground water reach
es the surface, the soil is said to be water
logged and it becomes unsuitable for 
agriculture. If the water at the surface is 
allowed to evaporate, it leaves behind a 
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residue of salts that further impair the 
fertility of the land. On the floodplain of 
the Indus in Pakistan some two million 
hectares of irrigated land has been ren
dered useless by this process. 

The disaster of waterlogging and sa
linity buildup in Pakistan might have 
been avoided by improving the drainage 
of the soil and by pumping the ground 
water itself for irrigation instead of em
ploying river water. Now that an exten
sive area has already been damaged, the 
remedy is straightforward but expensive 
and time-consuming. Water must be 
pumped from the ground over a wide 
area in order to lower the water table, 
and some of the extracted water must be 
recycled through the affected soil re
peatedly to leach out the salts. 

Another hazard of irrigation is the 
inadvertent propagation of waterborne 
diseases and parasites [see "People," by 
Halfdan Mahler, page 66]. Perhaps the 
most notorious of these diseases is schis
tosomiasis, a chronic, debilitating infes
tation with the blood flukes called schis
tosomes. The schistosomes spend part 
of their life cycle as parasites of certain 
aquatic snails, which thrive only in a 
stable, year-round supply of water. The 
mature schistosomes infect people who 
enter the water, and their eggs return 
to the water through human excreta. 
Schistosomiasis has been called a man
made disease because of its frequent as
sociation with public waterworks. The 
attribution is no doubt exaggerated, but 
the recent spread of the disease through 
Africa, Asia and South America is in
deed correlated with the completion of 
large irrigation projects. 

The rising incidence of schistosomi
asis is particularly well documented in 
Egypt and the Sudan. The disease has 
been prevalent in communities on the 
Nile for millenniums. (Schistosome eggs 
have been found in mummies dated to 

JAPAN U.S.S.R. HUNGARY U.S. 

2800 B.C.) As long as the land was irri
gated only by seasonal floods, however, 
the incidence remained low. With the 
recent transition to perennial irrigation 
a much larger proportion of the popu
lation has become infested-more than 
half in some regions-and one of every 
five deaths in Egypt is now attributed to 
schistosomiasis. 

Under the conditions prevailing in ru
ral areas of the developing countries 
schistosomiasis can rarely be cured. 
Schemes for prevention based on con
trol of the snail population have also 
had disappointing results. In the Sudan 
a lO-year plan for combating schistoso
miasis along the Blue Nile was recently 
begun; it will emphasize sanitation and 
regulation of surface water. Ultimately 
the most effective remedy for endemic 
schistosomiasis seems to be an improve
ment in the standard of living; that, of 
course, is precisely what irrigation itself 
is intended to bring. 

In the developing countries agriculture 
often claims almost all the available 

water. In India and Mexico, for exam
ple, the share going to farming amounts 
to more than 90 percent of the total. In 
the U.S., on the other hand, industry and 
agriculture make about equal demands. 
Actually a more careful analysis might 
show that the same volume of water is 
put to use repeatedly in industry and ag
riculture and for such other purposes as 
navigation and the generation of hydro
electric power before it is discharged to 
the sea. 

The industrial demand for water in 
the developing countries is generally 
from 20 to 40 cubic meters per person 
per year, comparable to the volume of 
domestic consumption. Industrial de
mand in the U.S. is roughly 100 times 
greater: 2,300 cubic meters per person 
per year. A few industries account for 

POLAND W. GERMANY U.K. 

ALLOCATION OF WATER to agriculture, industry and domestic 
consumption is influenced most strongly by the importance of irrigat
ed agriculture in a nation's economy. Worldwide, irrigation claims 
more than three-fourths of the available water supply, but in such 
countries as India and Mexico the proportion is higher still. In Japan 

farming is a much smaller segment of the economy, but the agricul
tural demand for water remains high because almost all crops are 
grown under irrigation. The quite different allocation characteristic 
of the U.S., Poland, West Germany and the U.K. reflects not only a 
larger industrial need but also more extensive rain-fed agriculture. 
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Responsive Technology in Computers, Chemistry, Semiconductors. 

CAD/CAM-cutting time 
from concept to production line 

CAD stands for Computer Aided 
Design. CAM, for Computer Aided 
Manufacturing. To the designer, 
it means freedom from drafting 
drudgery and tedious calculations. 
It gives him an "electronic drawing 
board" on which he can create 
a hypothetical product or part, view 
it from any angle and in any cross 
section, test it, try it, revise it-all in 
far less time than the old pencil
and-paper method. 

To the manufacturer, CAD/CAM 
means not only reduced design 
time and better control over 
resources and costs, but com
puter-produced numerical control 
tapes ready to run machines. 

The heart of any CAD/CAM sys
tem is a computer-in many cases 
a mainframe serving other func
tions as well. And therein lies 
a problem, as designers queue up 
for access to a computer busy 
with other jobs. 

Perkin-Elmer has a 
solution: CAD/CAM on 
high speed, 32-bit mini
computers. With dedi
cated minicomputers, 
each designer has instant 
access to data files, 
eliminating the queuing 
delays. ' 

Both the Perkin-Elmer 
3220 minicomputer and 
the 3240 Megamini® 
can run the extremely ver
satile AD-2000'· mechani
cal design and drafting 
software package. This 
proven CAD/CAM system 
has a rich geometric 
base for surfaces, curves, solids 
and shells, making it a natural 
for three-dimensional product 
design. 

The combination of high
performance minicomputers with 
top-grade design software makes 

The computer can display a design in an infinite 
number of positions for study and modification. 

it possible to build a distributed 
CAD/CAM ·system that delivers 
mainframe performance without 
mainframe delays and high cost. 

Write for an informative booklet 
that describes CAD/CAM and 
Perkin-Elmer mi�icomputers. 

Computerized thermal analysis speeds 
materials characterization 

In molding a plastic, it's 
important to know how the 
polymer, its additives, plasti
cizer, and fillers will perform 
under the heat of processing. 

Heating a sample and 
measuring the changes in its 
properties is one way to do 
this. The laboratory technique 

is called thermal analysis, 
and is used in many indus
tries for studying a variety 
of materials. It is performed 
by the Perkin-Elmer Differ
ential Scanning Calorimeter 
with extreme precision, 
at temperatures up to 
725°C. Adding a cooling 
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Hood sails. Rolex watches. Ultimates each. 
For over twenty years, 

Frederick E. "Ted" Hood 
has designed and 
manufactured the most 
desirable, durable and 
efficient sails ever to 
drive the competitive 
yachts of the oceans of 
the world. 

He's raced and won 
with the best. His list 
of prestigious victories 
include the Mallory 
Trophy in '56, the 
Bermuda Race in '68, 
and the SORC and the 
America's Cup in '74. 

He knows his sails and he knows his 
sailing. His philosophy contains no 
room for anything less than maximum 
application of ability. 

Durability. Excellence. Exactness. 
The words fit the man ... the way he 
works. With ultimate care. With atten
tion to detail. With the pride that comes 
from making the best that can be made. 

The result is that 
every skipper worth his 
salt wants a suit of 
Hoods on his mast. 
And, chances are, he 
wants a Rolex on his 
wrist. Because uncom
promising performance 
counts. 

Rolex. The totally 
uncompromised machine. 
Handcrafted in 192 
individual steps from a 
solid block of gold or 
stainless steel. 
Mechanically unequaled. 
Esthetically unparalleled. 

The world's idea of what a watch 
should be. 

Indeed, Mr. Hood and Rolex have 
precisely the same opinion toward 
accomplishment. The only true measure 
of achievement is result. 

� 
ROLEX 

Write for brochure. Rolex Watch, U.S.A., Inc., Dept.l02, Rolex Building, 665 Fifth Avenue, New York, New York 10022. 
World headquarters in Geneva. Other offices in Toronto and major cities around the world. 
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accessory with liquid nitrogen 
enables the DSC to make similar 
measurements in the other direc
tion down to -175°C. Sensitivity 
either way is unprecedented-as 
fine as 0.01 millicalorie per second 
per inch. 

When the Perkin-Elmer Thermal 
Analysis Data Station (TAOS) is 

linked to the DSC, the analysis 
becomes fully computerized. Using 
BASIC computer language, the 
analyst instructs the DSC to follow 
a particular analytical routine. It 
can also take instructions from pro
grams already stored in the Data 
Station. During analysis, the video 
screen on the TAOS continuously 

displays results as a graph called 
a thermogram. Any portion of 
the thermogram can be manipu
lated and analyzed-even com
pared with earlier thermograms in 
the Data Station's memory. 

To learn more about computer 
aided chemistry for thermal analy
sis, write for our TAOS booklet. 

Drawing microcircuits 
with electrons 

At 10,OOOX magnification, the details of a VLSI 
circuit are displayed on the Perkin-Elmer ETEC 
Autoscan® Scanning Electron Microscope. 

The push to smaller, more com
plex, integrated circuits has led to 
a challenging manufacturing prob
lem. In very large-scale integrated 
circuits, as many as 100,000 circuit 
elements are built on a silicon chip 
the size of this square O. SO infini
tesimal are the lines of the circuits 
that greater positioning accuracy is 
called for as layers are superim
posed to produce the circuit 
element. 

A combination of sophisticated 
electron beam and photo-optical 
technologies is being used to 
address this problem. A computer
controlled electron beam 

draws an initial image on a glass 
mask, which is then printed onto 
the silicon wafer with light optics. 
The leading supplier of this equip
ment is Perkin-Elmer. The Perkin
Elmer ETEC Manufacturing Elec
tron Beam Exposure System 
(MEBES®), for example, can draw 
a line as fine as 1/2000th of a milli
meter and position it on the glass 
printing mask with an accuracy of 
1/5000th of a millimeter. 

MEBES is being used to produce 
some of the most advanced 
devices entering the market today 
-microprocessors, bubble mem
ories, and 64K RAMs. MEBES is 
shortening development time with 
fast turnaround of circuit proto
types, improving the percentage 
of good devices on 
each wafer by 
its precision, and 
delivering more 
capabilities at a 
lower cost. 

The ability of an 
electron beam 
system to write 
directly on the sili
con wafer also 
achieves quick 

turnaround of new designs and 
custom logic arrays. It holds the 
promise of even finer lines for cir
cuits in still smaller, more complex 
devices. 

For more information 
These are three examples of 
Perkin-Elmer's application of 

diverse technologies to meet the 

needs of industry, science, 
business and government, world

wide. If y ou would like to learn 

more about these Perkin-Elmer 

products, please write: Corporate 
Communications, Perkin-Elmer, 

Main Avenue, Norwalk, CT 06856. 

PERKIN-ELMER 
Responsive Technology 
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, , , AND BEYOND 

WATCH NOVA , TELEVISION'S 
ONLY SCIENCE DOCU MENTARY 
SERIES, ON YOUR LOCA L 
PUBLIC BRO ADCASTING STATION 
TU ESDAY EVENINGS. CHECK 
YOUR LOCA L LISTINGS. 
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some two-thirds of all the demand: they 
are metals, chemicals and petroleum re
fining, pulp and paper manufacturing 
and food processing. 

Much of the water used is not "con
sumed" in the usual sense. From 60 to 
80 percent of the industrial demand is 
for cooling water, mainly in electric
power generation. Almost all the water 
withdrawn for cooling is subsequently 
returned to the streamflow, unchanged 
except for a rise in temperature. Even 
so, it is important to recognize that the 
demand for this water is not thereby 
eliminated from the water budget. If a 
generating plant is built downstream 
from a dam, enough water to supply 
the cooling needs of the plant will have 
to be released continuously from the 
reservoir and will therefore be lost to 
further use upstream. 

Often industrial water is returned to 
the streamflow bearing a load of pollu
tants. In that case the total demand must 
include not only the water actually with
drawn but also a streamflow volume 
sufficient to dilute the pollutants to an 
acceptable level. The same calculation 
should be applied to water for domestic 
consumption, which is also returned to 
the streamflow bearing wastes. The pol
lution load of a lake or a river is usually 
measured in terms of the dissolved oxy
gen consumed in the biological degrada
tion of the wastes. If the process of deg
radation is to be a continuous one, the 
concentration of dissolved oxygen must 
not be allowed to fall below the level 
needed to support aerobic forms of life. 
Toxic pollutants require special han
dling, since they can make water unfit 
for all further use. 

The generation of hydroelectric pow
er is a distinctive industrial use of 

water in that it is entirely nonconsump
tive. Of course the water must be re
leased from a reservoir in order to gen
erate electric power, so that the hydro
electric generation must be counted 
among the demands made on the supply. 
Usually, however, water would have to 
be released anyway in order to serve 
the needs of downstream industries and 
communities; if it is released, the falling 
water may as well give up its potential 
energy usefully in a turbine. As it hap
pens, the economics of hydroelectric
power generation are so appealing that 
almost all the best sites have already 
been exploited. For those sites that re
main the question is whether the energy 
extracted can repay the capital costs of 
construction. Sites of smaller capacity 
may become competitive with other en
ergy sources as the price of fossil fuels 
continues to rise. 

Navigation of inland waterways is a 
nonconsumptive use that nonetheless 
makes a large demand on water re
sources. Behind a dam the maintenance 
of a high water level in order to make 
navigation possible enlarges the surface 

area of the reservoir and thereby in
creases the loss of water through evapo
ration. Below a dam, maintaining the 
navigability of a river usually requires 
the release of large volumes of water. 
A controlled waterway, with locks for 
changes in level, can reduce this de
mand somewhat, but the locks them
selves need water for their operation. 

In a comprehensive plan for water 
management certain other uses of the 
water, such as fisheries, cannot be ne
glected. The maintenance of swamps 
and wetlands for wildlife represents a 
large demand on water resources be
cause the rate of evaporation and of 
transpiration through plants is excep
tionally high in such environments. In 
some circumstances water may also 
have a scenic, ornamental or recreation
al value. The fact that some of these 
demands for water are not incompatible 
and can be met by recycling the same 
water several times complicates the task 
of planning and allocation. By exploit
ing all such opportunities for multiple 
or successive use, however, the water 
supply is effectively enlarged. 

The principal method of regulating 
the water supply-the damming of riv
ers-has the significant advantage of 
satisfying several needs at once. By con
trolling floods a dam can make safely 
habitable some of the world's most fer
tile land, that in the floodplains of major 
river valleys. By capturing flood waters 
that would otherwise run direct to the 
sea a dam actually augments the total 
water supply available to man, unlike 
other techniques that merely tap exist
ing reserves. In regions subject to a mon
soon, where almost all the yearly rain
fall comes in a few weeks, such water 
management is imperative: the flood 
must be impounded and measured out 
over the course of the year. By raising 
the water level a dam also aids in the 
delivery of water to gravity-fed irriga
tion systems, and of course it holds the 
potential for generating hydroelectric 
power. 

The preeminent system of dam build
ing in the 20th century is that of China, 
where some 70,000 dams and reservoirs 
have been completed in the past 30 
years. They are mainly small dams, but 
they have an aggregate storage capac
ity of more than 300 cubic kilometers. 
If construction continues at the present 
rate, another 50,000 reservoirs will be 
created in the coming decade, adding 
another 150 cubic kilometers to the total 
capacity. China has emphasized small 
dams in order to reduce the costs of con
struction. The technology employed is 
simple, so that almost all the work can 
be done by the local population. 

Construction costs of larger dams 
have been rising steeply. For each cubic 
kilometer of capacity in the reservoir 
formed by a large dam the capital ex
penditure is now estimated to be $ 120 
million. A cubic kilometer of water will 

INTRODUCING 
A DUAL TIME 
CALCULATOR 
CHRONOGRAPH 
WRISTWATCH 

Casio C-80 848.85 
It's A Calculator for Business, Shoppers, Students 
• New touch keys allow correct entry by any size finger 
• Four function calculator (+ I-I X /-i- ) 
• Indicator shows math function in use 
It's A Chronograph for Competitors and Sports Fans 
• TImes to 24 hours with 1/10Oth second accuracy 
• Has time-out feature and also gives lap/split time 
• Gives first and second place times 
• Weighs only 1 ounce 
It's A Dual TIme Watch For Travellers, Pilots, Sailors 
.Set second time zone in AM/PM or 24 hour time 
.Accurate to :tIS seconds per month 
• Calendar with day of week and date 

The Casio CoSO is the ultimate in technology. Its computer 
brain is protected against shock by a tough poly sulfone 
plastic case. Average battery life is an amazing 15 months. 
Its mineral glass crystal resists scratches. 

Buy with Confidence 
We've become a leading media merchandiser by offering 
advanced technology products, prompt delivery, and a 30-
day, no-risk, money-back guarantee. If this product isn't 
everything you expect, simply return it in new condition in 
30 days or less for a complete refund 

Order Today 

Charge customers can call toll free 24 hours a day. Order 
product number 130 

(800)854-3831 ('::���;:s, 
DWS marketing 

international 
350-A Fischer Avenue Dept. A06. 
Costa Mesa, California 92626 (714) 540-4444 
Call our toll-free number for quickest service or send your 
check, money order, or credit card info. Please allow time 
for checks to clear. We accept VISA, M.C .. A .E., D.C. 
charge cards. Add $2.50 for insured postage & handling for 
first product & $1.00 for each additional product. Calif. 
residents add 6% sales tax. 

© DWS marketing international 1980 

111 

© 1980 SCIENTIFIC AMERICAN, INC



IrrIgate an average harvested area of 
85,000 hectares. Even at this price large 
dams and the associated irrigation sys
tem may be the technology of choice in 
some cases. In estimating the economic 
benefits of an irrigation project, how
ever, the question to be answered is 
whether the value added to the agricul
tural produce of the region will pay 
back the investment. Today there is a 
good possibility that water from some 
other source will provide the same add
ed value at a smaller initial cost. 

Another economic and technological 
issue in dam construction is the depo
sition of silt in reservoirs. The silt is 
picked up by streams from the soil of the 
watershed, and it remains in suspension 
as long as the water is moving. In the still 
waters of an artificial lake the silt settles 
to the bottom. If the accumulated scdi
ments are not removed, and if nothing is 
done to arrest their deposition, the entire 
reservoir will eventually be filled with 
silt. Depending on the quantity of solids 
suspended in the streamflow, the time 
required for the process ranges from a 
few decades to several centuries. 

There are solutions to the silting prob
lem, but they are costly. The dam can be 
heightened to enlarge the reservoir; the 
sediments can be dredged; a second dam 
and reservoir can be built upstream to 
serve as a silt trap. In the long run the 
most effective solution may be the adop
tion of soil-conservation practices in the 
watershed. If any of these measures are 
taken, their projected cost should be in
cluded in the cost of the irrigation proj
ect; if silting is not controlled, it must be 
recognized that the reservoir is a finite 
resource that will be exhausted and re
quire replacement in a period of years. 
The value of the dam should therefore 
be depreciated over that period. 

In spite of these costs the major river 
valleys will surely remain the primary 
focus of human civilization, as they 
have been for 6,000 years. They supply 
both the land and the water resources 
needed for irrigated agriculture. More
over, because the rivers offer abundant 
water both for consumption and for 
transport they are also the logical site 
of major industrial development; cities 
have grown up on the riverbanks for the 
same reasons. 

The resources of the world's rivers 
are in widely varying stages of devel
opment. The two rivers with the largest 
annual flows, the Amazon (5,600 cubic 
kilometers) and the Congo (1,250 cu
bic kilometers), are almost entirely un
exploited because they flow through 
inhospitable rain forests. Large rivers 
draining into the Arctic Ocean, such as 
the Mackenzie in Canada and the Ob 
and Yenisei in the U.S.S.R., are also 
virtually unutilized. At the opposite ex
treme the Nile, which has a natural flow 
of only 90 cubic kilometers per year, is 
completely developed: since the mid-
1970's, when the reservoir behind the 
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Aswan High Dam was filled, the Nile 
has ceased entirely to flow into the sea. 
Its waters now serve one of the largest 
irrigated areas in the world, amounting 
to five million hectares. Elsewhere in 
Africa the Volta and the Zambezi have 
both been dammed to create large reser
voirs; indeed, Kariba Lake on the Zam
bezi is the largest artificial reservoir in 
the world. The management of the Ni
ger and Senegal basins and of the sev
eral rivers flowing into Lake Chad is 
being planned by commissions of the 
countries bordering those rivers. 

Asia has the largest volume of dam
regulated streamflow of all the conti
nents: 560 cubic kilometers per year, 
most of it dedicated to irrigation. All the 
large rivers in southern and southeast
ern Asia, such as the Yangtze, the Me
kong, the Irrawaddy, the Brahmaputra, 
the Ganges and the Indus, have been dc-
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veloped to some extent, but much ca
pacity remains unexploited. 

In Europe and the U.S. a few rivers 
support large irrigation works; notable 
among them are the Colorado and the 
Tisza, a tributary of the Danube where 
development began in the mid-19th cen
tury and is expected to achieve complete 
regulation by about the year 2050. 
A number of other rivers have been 
dammed for extensive flood-control and 
hydroelectric projects; examples are the 
Columbia and the Tennessee. For the 
most part, however, another pattern of 
river-basin development has prevailed, 
emphasizing industry, navigation and 
waste disposal. Many of the rivers in 
Europe and the U.S., such as the Rhine, 
the Ruhr and the Mississippi, function 
mainly as commercial thoroughfares. 

Although regulation of natural rivers 
and sireams by dams will remain the 

ACCESS TO POTABLE WATER is a basic index of economic development, and through its 
influence on the health of a population it can help to determine the pace of development. In 
more than half of the developing countries less than 50 percent of the population has a source 
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predominant method of water manage
ment for many decades, other sources 
of supply also deserve consideration. 
The most important of these sources is 
ground water, which constitutes the ma
jor part of the world's reserves of fresh 
water outside the polar regions. In arid 
countries, where evaporation generally 
exceeds precipitation, ground water is 
usually the only stable indigenous sup
ply. Even where surface water is avail
able, however, it is occasionally cheap
er or otherwise preferable to pump out 
ground water. 

In the Libyan Desert the Sarir project 
has tapped a natural underground reser
voir to irrigate 1 5,000 hectares of desert 
land. The water is delivered to the crops 
by the technique of center-pivot irriga
tion, in which a circular field is watered 
by a long, pivoting sprinkler arm, fed 
by a submersible pump at the center . 

In 1 976 a pilot area of 4,000 hectares 
produced 1 2,000 metric tons of grain 
by extracting 40 million cubic meters of 
water from the aquifer. 

Although the Sarir program is a high
£\. cost and high-technology one, an ap
pealing feature of ground-water devel
opment is that in some instances it can 
be done cheaply. Whereas obtaining a 
cubic kilometer of water by building a 
large dam costs $ 1 20 million, the same 
volume of water could be extracted 
from underground reservoirs for a capi
tal cost of between $30 and $50 million. 
In Bangladesh, where a high water table 
and soft alluvial soil favor ground-wa
ter development, underground reserves 
are being tapped by simple case wells, 
or tube wells, with an installed cost of 
about $ 1 00 each. A three-man crew can 
sink the well and assemble a hand pump 

in about three hours. Bangladesh now 
has 450,000 such wells, which provide 
drinking water for 70 percent of the 
rural population. The goal is to serve 
the entire rural population with 700,000 
wells by 1 9 85.  

One of the most ambitious of all wa
ter projects would divert from their nat
ural course the two largest rivers in 
northern Asia, the Ob and the Yenisei. 
The rivers now cross thousands of kilo
meters of sparsely inhabited permafrost 
and drain into the Arctic Ocean. The 
plan calls for a series of immense dams 
and canals to carry the water instead 
to the southwest, across warmer and 
potentially arable territory, discharging 
into the Aral Sea. A similar proposal 
would divert the Mackenzie River from 
its present channel across the Canadian 
Arctic. It is not yet known what effect 
such large-scale intervention in the wa-

of safe drinking water or facilities for sewage disposal. In rural areas 
tbe proportion witbout sucb access is generally bigber. A plan con
ceived in 1976 calls for building standpipes, latrines and sewers to en-

sure a safe community supply tbrougbout tbe world by 1990. Tbe 
amount of water needed is comparatively small, but tbe cost of $200 
billion greatly exceeds tbe recent rate of investment in sucb facilities. 
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ter cycle might have on the arctic envi
ronment or on global climate. 

In areas of severe and sustained short
age, where water becomes the limit
ing factor in economic development, 
more exotic measures may be cons i d 
ere d .  T h c  distr i b u t ion o f  precipitation 

1 970 

1 1 ,500 

VOLUME 

UNCULTIVATED 
1 ,835 

might be altered by cloud seeding or by 
other techniques of weather modifica
tion. Evaporation loss from reservoirs, 
which is the major cause of depletion 
in dry climates, might be red uced by 
sprea d i ng oi l  or some other s u bstance 
on t he sur face of the water.  Waste 
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AVAILABILITY OF WATER FOR AGRICULTURE is often tbe determining factor in tbe 
productivity of tbe land. Of an estimated world total of 3.4 billion bectares of potentially ara
ble land less tban balf was cultivated in 1 970, and only about 5 percent was under irrigation. 
Tbe irrigated land makes a disproportionate contribution, bowever, to tbe total barvested area 
(wbicb is defined as tbe actual area of land multiplied by tbe cropping intensity, or tbe number 
of crops barvested per year). In irrigated agriculture tbe cropping intensity is often greater tban 
1, wbereas on land watered exclusively by rain it is almost always less tban 1. By tbe end of tbe 
century irrigated land will make up more tban a fiftb of tbe world's barvested area. Mucb of 
tbe newly irrigated area will be in tbe developing countries, where tbe need for food is great
est. The water requirements for irrigation, given bere in cubic kilometers, will almost double. 
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water might be reclaimed, and under
ground reservoirs might be recharged 
from surface supplies, including sup
plies of treated waste water. Desalina
tion of seawater is an established tech
nology, although it is expensive and 
likely to become more so as the price 
of fuel goes up. An idea that deserves 
serious consideration is the hauling of 
water by supertankers. Saudi Arabia 
has examined the possibility of towing 
icebergs to the Persian Gulf from arc
tic or antarctic waters. 

A few of these schemes hold some 
promise, but they are not likely to be 

adopted by any but the riche st countries, 
a n d  even there they can make only a 
marginal contrib ution. For example, in 
the past decade Saudi Arabia has in
stalled plants capable of de salinating 
1 5 0 million cubic meters of seawater 
pcr  year; in the same period, however, 
the country's demand for water has in
creased by 900 mill ion cubic meters. 

By the end of the century some 3 0  
countries are expected to have a de
mand for water that exceeds their maxi
mum sustainable supply . For a time the 
demand could be met by depleting accu
mulated reserves (s uch as ground wa
ter ), but overdrafts on a natural re
so urce cannot continue indefinitely . It 
then becomes necessary to manage the 
demand as well as the supply, so that th'C available water can be allocated to 
those who need it most and to those uses 
premising the greatest economic return. 

In this respect the experience of Israel 
is instructive. Israel already exploits 9 5  
percent o f  its natural water resources 
and has begun to employ extraordinary 
means of stretching the supply, includ
ing desalination and the artificial re
charging of aquifers. The reclamation 
of waste water makes an important con
tribution to the water budget: 20 per
cen t  of industrial and domestic waste 
water is recovered, mainly for use in 
irrigation. Further increases in the sup
ply are certainly possible, but the wis
dom of investing in them is question
able if the cost of the water obtained is 
greater than the economic return to be 
derived from it. Better results have been 
achieved by regulating consumption to 
increase the efficiency with which water 
is employed. Because of such policies 
the value of crops harvested per unit of 
water supplied has been increasing by 7 
percent per year. In industry the amount 
of water consumed per $ 1 00 of produc
t ion dropped from 20 cubic meters in 
1 962 to 7 . 8  in 1 97 5 .  (These amounts 
have been adjusted for inflation and are 
expressed in constant 1 97 5  dollars. )  

In the Canary Islands water consump
tion already greatly exceeds all renew
able supplies, and the deficit is being 
made up by mining ground water. The 
economy of the islands is based on irri
gated cultivation of tomatoes and ba
nanas and on a growing tourist indus-
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'Where would a wise investor seek 
sound advice, attentive service, 
unbeatable information, and 

unmatched financial strength? 

Merrill Lynch says, 
close to home. 

Don't misunderstand. There's 
nothing wrong with searching far 
and wide for investment ideas. It's 
not easy to get rich these days. 

But to search on your own is a 
full-time job-and-a-half. You have to 
read everything, digest it all, ana
lyze the information, act on it . . .  and 
do it fast, because opportunities 
become ancient history in precious 
little time. 

Meanwhile, some of the best 
investment ideas are sitting practi
cally on your doorstep, at a nearby 
office of Merrill Lynch. 

We have the resources and 
the people to know, really know, 
investment opportunities as diverse 
as oil drilling partnerships and 
Treasury Bill futures, options and 
retirement plans. 

Our research team is the best 
on Wall Street-in Wall Street's 
own opinion. And we make it easy 
to use that unrivaled resource: com
puter terminals at every Merrill 
Lynch office can instantly print out 

A breed apart 
up-to-the-minute opinions on more 
than 1200 stocks. 

Best of all is the way we tailor 
our advice to your requirements. 
Before offering a single suggestion, 
your Merrill Lynch Account Exec
utive will spend a long while listen
ing. Finding out what you really 
need. Because the smartest invest
ment plans-the plans most likely 
to succeed-start with a clear 
definition of where they want to go. 
Are you looking for security or the 
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opportunity to speculate? For cur
rent income or capital growth? 
What you tell us determines in 
large part what we tell you. 

So we make a point of develop
ing, for each customer, a sound 
long-term investment strategy, and 
we encourage you to stick with it 
and not be sidetracked by invest
ment fads or temporary market 
aberrations. And we give you the 
security of knowing that we're 
going to stick with you and see you 
through to your goals. Merrill 

. Lynch has more than $800 million 
in capital resources working for 
you, and we plan to be advising you 
long after all those fad investments 
have been written off. 

So drop in at a nearby Merrill 
Lynch office and look over some of 
the brochures that explain our phi
losophy and way of doing things. 
Don't worry . . .  we won't ask you to 
buy anything. In fact, we probably 
won't even let you, until we get to 
know you better. 

� MerriU Lynch 
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try. In recent years, however, the most 
important market commodity has been 
water, the bulk of which is privately 
owned. Sales of water amount to $200 
million a year, which is comparable to 
the value of the agricultural product, 
but the return on investment is 50 per
cent for water and only 1.5 percent for 
agriculture, even with government sub
sidies. At the present rate of extraction 
all the available water will have been 
exhausted within two decades. If agri
culture is to survive in the Canary Is
lands, drastic changes in water policy 
will be needed. Perhaps the most impor
tant of them will be the cultivation of 
crops that require less water and have 
a higher cash value. 

A chronic shortage of water is also 
in prospect for the state of California, 
where the present consumption of 41.3 
cubic kilometers per year exceeds the 
renewable supply by 12 percent. Even 
if there were no further growth in the 
economy of California, demand would 
continue to increase, reaching 43.8 cu
bic kilometers per year by the year 2000. 
Practical sources of supply remain un
tapped but any program to exploit them 
will itself have a lead time of about 20 
years. On economic criteria alone the 
best strategy of water use in California 
may be a shift from irrigated agricul
ture, where the value added is $75 mil
lion per cubic kilometer of water, to in
dustry, with a value added of $5 billion 
per cubic kilometer. 

Investments in the development of 
water resources have rarely exceeded 1 
or 2 percent of the gross national prod-

RAIN-FED 
AGRICULTURE; 
UNCONTROLLED ELIMINATION 
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uct. In most countries they cannot be 
raised much above that level without 
causing hardship elsewhere in the econ
omy. Capital is a resource in shorter 
supply than water, and the same strate
gies must be adopted for its conserva
tion. Just as water is allocated to those 
uses for which it provides the greatest 
economic return, so investment in wa
ter technology should be made where it 
yields the greatest improvement in the 
quantity or the quality of water. 

In agriculture the rehabilitation of 
existing irrigation works promises far 
greater benefits for a given rate of in
vestment than the extension of irrigation 
to new lands. Renovation of reservoirs 
and distribution canals in the develop
ing countries is estimated to cost $680 
per hectare, and improvement of drain-' 
age and correction of the salt balance 
of the soil would add another $240 per 
hectare. The Food and Agriculture Or
ganization of the United Nations has as
signed such rehabilitation a high priori
ty for the coming decades. Constructing 
new irrigation works of the same kind, 
including a drainage system, would cost 
$3,800 per hectare. For irrigation based 
on large high-technology dams the cost 
might reach $8,000. 

In many of the developing countries, 
particularly in rural areas, the most 

urgent need is for safe drinking water 
and for waste-disposal facilities. By 1990 
more than a billion people will have no 
reasonable access to potable water of 
acceptable quality. The amount needed 
is not large compared with the demands 

of agriculture, but the per capita cost of 
distribution can be very high. An ambi
tious plan to meet these needs was for
mulated in 1976 at the HABITAT Con
ference in Vancouver, and it was en
dorsed the following year by the World 
Water Conference, which met at Mar 
del Plata in Argentina. The plan calls for 
building standpipes, latrines, sewers and 
other facilities in order to ensure an ad
equate community water supply every
where in the world by 1990. The goal 
is exemplary, but it is unlikely to be at
tained. The cost would approach $200 
billion, which could be paid only by 
doubling the rate of investment in urban 
areas and quadrupling it in rural areas. 
A more realistic plan, based on less elab
orate technology and calling for greater 
participation by the local population, 
might bring a significant improvement 
in water quality at a cost of $30 billion. 

Although the projected global de
mand for water will remain well below 
the total amount potentially available 
for many years to come, the global sur
plus offers no consolation to those coun
tries and regions facing a chronic water 
shortage. For such areas only two strate
gies are available: to increase the supply 
by investing in dams and other measures 
for the control of the water cycle, and to 
manage the demand, so that the avail
able water is applied to the most urgent 
needs and utilized with optimum effi
ciency. Both approaches may be neces
sary, but with the increasing cost of in
vestment capital, particularly for the de
veloping countries, the latter approach 
is becoming the more attractive one. 
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EFFECTS OF IRRIGATION and other measures of water control 
on crop yields also enhance agricultural productivity. Yields of rice 
per hectare of land are given here for 11 Asian countries with diverse 

agricultural technologies. By doubling the yield and almost doubling 
the harvested area, irrigation and associated practices (such as the ap
plication of fertilizer) result in a fourfold increase in productivity. 
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Combine the ultimate in pre-
Ift!:llnD'QP electronics with the unparal

German optics of Carl Zeiss thus 
,.CJ-eetina a professional 35mm SLR system, 
syno nymous with the now world fa
mous , legendary name of Con tax. 

THE RESULT: The Contax RTS, first 
electro/magnetic shutter release; the 
139 Quartz, first with total quartz regula
tion; and the Con tax 137 M D  Quartz, first 

with a single, ful ly integrated � precision micro motor drive. 

CONTAX 
CONCEPT 

To be precise, we're more precise. 
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Energy 

The future growth in the global demand for energy will come mainly 

from the less developed countries. If the demand is to be satisfied, 

the transfer of technology from the developed countries is essential 

T
he world economy entered a new 
era in 1973, when the Organi
zation of Petroleum Exporting 

Countries (OPEC) announced the first 
in a series of sharp increases in the price 
of crude oil sold on the world market. 
The sudden, widespread recognition of 
the finiteness of the earth's liq uid fossil
fuel resources, brought on largely by the 
OPEC action, has left the majority of 
petroleum-importing countries-devel
oped and less developed alike-in a con
tinuing state of shock and uncertainty, 
which has come to be epitomized as the 
"energy crisis." It is not possible to pre
dict with any confidence how long the 
transition to a stabler world energy per
spective will last or exactly what its out
come will be. What is clear is the need, 
more urgent now than ever, to reevalu
ate the role of energy consumption as 
both the prime mover and the key indi
cator of economic development. 

For the past six years my colleagues 
and I in the Energy Systems Program 
of the International Institute for Applied 
Systems Analysis (IIASA) at Laxenburg 
in Austria have been conducting j ust 
such a reevaluation, with a view to pro
jecting a range of possible future trends 
in the world's energy supply and de
mand. In this article I shall draw heavi
ly on the results obtained so far in that 
continuing study. 

by Wolfgang Sassin 

From the beginning of the Industrial 
Revolution, dating at least from James 
Watt's steam engine of the 1760's, ener
gy conservation has been an integral 
part of the strategy of development. 
Various lines of technological progress, 
ranging from the invention of new me
chanical devices to the development of 
industrial chemical processes, are char
acterized by a steady improvement in 
performance measured in terms of ener
gy efficiency [see top illustration on next 
page]. The success of the basic engineer
ing doctrine of "doing more with less" 
has resulted in a proliferation of "tech
nical slaves" capable of substituting for 
human labor or animal power. The food 
the slaves consume' is energy. 

The acceleration of modern technol
ogy, fueled by a seemingly limitless 

supply of cheap oil, was particularly 
rapid in the already industrialized coun
tries of the capitalist and communist 
blocs (respectively the "first world" and 
"second world") in the first decades af
ter World War II .  Recently the trend 
toward ever greater energy efficiency 
and hence greater opportunity for eco
nomically feasible energy use has been 
augmented in these countries by the ad
vent of automatic information-handling 
systems to help supervise the work of 
the technical slaves. The result is a world 

TSAIDAM BASIN, an extremely large interior sedimentary basin occupying much of north
western Qingbai Province in the sparsely inhabited western part of China, is potentially a ma
jor energy-resource basin. Formed during the Mesozoic and Cenozoic eras, the basin covers an 
area of approximately 100,000 square kilometers. Exploration for evidence of fossil-fuel de
posits began here in the mid-1950's, and several oil and gas fields have since been discovered 
and opened for production. Exploratory drilling is currently centered in the westernmost part 
of the basin, including the area shown in the enhanced false-color Landsat mosaic on the oppo
site page, made by digitally merging two consecutive Landsat scenes acquired as the satellite 
moved along its roughly north-south polar orbit. The mosaic was prepared by staff scientists 
at the U.S. Geological Survey's EROS Data Center who are participating with researchers 
from China's Ministry of Petroleum Industry in a joint program to investigate the applicabili
ty of remote sensing by satellite to petroleum exploration. Members of the U.S. team who vis
ited the arid, perennially windswept site last year reported seeing numerous drill rigs operat
ing in the area just north and east of the lake near the center of this image, particularly in the 
vicinity of an outcropping known to the Chinese as Yushashan (Tar Sand Hill). Before the es
tablishment of the People's Republic in 1948 China was a net importer of petroleum; today 
its petroleum industry satisfies most domestic needs and provides a minor surplus for export. 

in which the distribution of energy con
sumption is grossly uneven. 

As of 1975 the average rate of en
ergy consumption in the world was 
approximately two kilowatt-years per 
person per year, or in simpler terms 
two kilowatts of quasi-continuous pow
er per person. The average American 
consumed some 11 kilowatts, however, 
whereas the average inhabitant of the 
less developed "third world" consumed 
less than a kilowatt. (The average Eu
ropean accounted for about five kilo
watts.) Since there is a well-established 
correlation between the energy input 
to a national economy and its econom
ic outp ut, measured in monetary units 
such as dollars, a graph representing the 
worldwide distribution of the consump
tion of energy also serves as a fair ap
proximation of the spectrum of eco
nomic activity [see bottom illustration 
on next page]. 

There is no doubt that the further 
spread of modern technology to the less 
developed parts of the world will result 
in a greatly increased demand for ener
gy, aggravating the energy crisis. The 
only real uncertainties concern the rate 
and the ultimate extent of the growth in 
energy demand, and the makeup of the 
energy resources that will be called on to 
meet it. In order to investigate the poten
tial future evolution of the global ener
gy balance under these circumstances 
the IIASA Energy Systems Program has 
sought first of all to quantify as many as 
possible of the variables that have a 
bearing on this vital issue. 

The task of quantification is compli
cated by many factors, among them the 
difficulty of determining the energy effi
ciency of a nation's productive capital 
stock (as technical slaves are usually 
called by economists). Normally one 
adds the theoretical heating values of 
the various forms of energy entering an 
economy and then compares this pri
mary input with the designed output 
of the prod uctive capital stock. Alterna
tive primary forms of energy can differ 
widely, however, in their actual utiliza
tion. Some can be easily transported,  
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INCREASING ENERGY EFFICIENCY characterizes three different lines of technological 
progress: the improvement in the performance of various steam engines (black line), the devel. 
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for producing ammonia (gray line). Energy efficiency is defined for this purpose as the ratio be. 
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DISTRIBUTION OF ENERGY CONSUMPTION in the world varies widely, as this graph 
for the year 1975 indicates. The total amount of primary energy generated commercially that 
year was on the order of 8.2 terawatts (trillions of watts), and the world population was about 
four billion. The average rate of energy consumption was therefore approximately 2.1 kilo· 
watts per person (broken-line scale markers). The top 5 percent of the world's population in 
terms of energy consumption, however, averaged more than 10 kilowatts per person, whereas 
the bottom 50 percent averaged less than a kilowatt. An average energy.consumption rate of 
a kilowatt corresponds to the combustion of about a metric ton of coal per person per year. 
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stored and converted; others cannot. 
Such limitations may entail significant 
losses, since part of the original energy 
must be reinvested to "step up" the qual· 
ity of the final-energy form. The success 
of any energy industry is ultimately de· 
pendent on its ability to produce final· 
energy forms that are attractive in terms 
of both low cost and (normally) low pri· 
mary-energy losses. 

Toward that end the established ener· 
gy industries in the developed countries 
have over the years tapped ever more 
versatile forms of primary energy, that 
is, forms requiring less upgrading. Thus 
the industrialized countries have passed 
in a rational progression from wood 
through coal to oil, natural gas and ura
nium. This powerful trend in the direc
tion of greater overall energy efficiency 
is manifested in the historical record of 
the relative shares of the major primary
energy forms in the global energy bal
ance [see illustration on opposite page] . 
Switching from abundant coal resources 
to more efficient, if less abundant, oil 
and natural-gas resources has led to eco
nomic gains in excess of the costs in
volved in setting up worldwide distribu
tion systems for oil and gas. A crucial 
question for the future is whether this 
traditional cost-minimizing strategy will 
continue to serve the common good. 

The research at IIASA has focused on 
the medium-term (to the year 2000) 

and long-term (to 2030) aspects of ener
gy and its interaction with other constit
uents of an economy. A major objective 
has been to analyze the possibil ities of 
extending the supply of energy to pro
vide more oil, gas, coal, nuclear fuel 
and other forms of energy, including 
new ones. Any such exercise would be 
meaningless, however, without a simul
taneous evaluation of the future energy 
demand, the force driving any extension 
of the supply. 

Our approach is based on the assump
tion of a cooperating world, free of 
major wars or social disruptions. This 
assumption is in turn a prerequisite for 
several other operating assumptions: the 
guarantee of open access by all nations 
to the world's energy resources, the uni
versal availability of effective means 
'of energy production and conversion, 
and the widespread adoption of energy
efficient consumer technologies. It goes 
without saying that this may not be the 
way of the future. Nevertheless, quan· 
tifications based on such assumptions 
serve a useful purpose: they establish 
the minimum technological and eco
nomic effort required to balance energy 
supply and demand. 

The potential evolution of the world 
energy balance is analyzed at IIASA in 
the form of scenarios. S uch scenarios 
are not merely extrapolations of past 
trends. They contain an element of judg
ment, insofar as inconsistencies arising 
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We Can't Work Miracles 
Overnigh 

But.if you'll 
give us 

a little time. 
In the countries where Foster 

Parents Plan works, the average pe 
capita income is only $384 per year. 
The infant mortality rate is 9.8 
cent, almost seven times that of 
the U.S. Life expectancy averages 
49 years, 24 years less than ours. 
64 percent are illiterate. There is 
only one doctor for 13,000 people. 

It's the children who suffer most. 
Mere survival is often a struggle. 
Without help most will be trapped by 
illiteracy and poverty. These are the 
facts of life. Cruel facts but not 
hopeless. 

YOU CAN DO SOMETHING! 

With your help a needy child and 
his family can have a better life. 
ALL THEY NEED IS A CHANCE. 

EDUCATION 
IS THE KEY 

We make sure school-aged 
children can get an education. 

Their future depends on it. 

We can't change lives overnight. And 
your sense of gratification won't be 

instantaneous either. Because what we 
want is truly significant progress. And 

, that takes time and hard work. But 
over the years, you'll see the progress 

your Foster Child and his family 
are making. Because of you. 

If you have children, being a 
Foster Parent offers you a way of 

showing them how others live and, 
more important, how you and your 
children can DO SOMETHING to 

make this a better world. 

The cost? $19 a month. Weigh the 
cost against the benefits. $19 doesn't 
go very far in our culture. But with it 
you can make a significant difference 
in the life of a needy family overseas. 

We hope you will join with us in 
offering a needy child a better life. 

At Foster Parents Plan we believe 
that just sustaining life is not 
enough. We are dedicated to giving 
needy children and their families the 
skills and encouragement they need 
to take charge of their lives. Our 
goal is to help them become self
sufficient. 

JOHNNY is a little boy who lives with his 

mother and sisters. His mother works hard, but 
she cannot earn enough to support them. When 
Johnny first became a Foster Child their need 
was critical. Their needs are still great, but now 
they have realistic hopes for a better future. 
Johnny has a chance. But so many other chil
dren are still waiting ... 

Because even sadder than their 
need is our knowledge that we 

could help. If ... 

r Call us TOLL-FREE 
800-621-5809. 

Anytime, day or night! 
(In Illinois call toll-free 600-972-5656.) 

The sooner we hear from you. the 
sooner we can help. 

,---THEY'LL HAVE A BETTER LlFE ... BECAUSE OF YOU ---� , 
I I 
I 
I I I I 
I I I 

When you become a Foster Parent, we will send you photos and a 
case history of your Foster Child. You'll also receive special reports 
from our staff workers, fact sheets on the country, information about 
the problems faced by your child and his family, and a complete 
annual progress report. Plus letters from your child. 

I want to help a child from D Africa, D Asia, D Caribbean, D Central America, D South America. 
D EMERGENCY WAITING LIST. Please choose for me. D PLEASE BEGIN HELPING MY FOSTER CHILD AS SOON AS 
POSSIBLE. Send me my child's photograph, case history, and 
complete Foster Parent Information Kit. Enclosed is a check 
for $ ___ . I prefer to contribute D $19 a month, D $57 
quarterly, D $114 semi-annually, D $228 annually. D I would like to know more about the child before I decide. 
Please send me a photograph and case history. I will become 
a Foster Parent or return the material within 10 days. 

Name 

Address ________________ _ 

City __________________ _ 

State ___________ ....L.Zip _____ _ 

Please mail to: 
Reinhart B. Gutmann, Executive Director 
FOSTER PARENTS PLAN 
157 Plan Way, Warwick, RI 02887 
Contributions are tax deductible. \I\'e are a nonpolitical. nonprofit. 
nonsectarian. independent child care organization. We work hard to 
use funds as effectively and efficiently as possible. We will be pleased 

I I 
I 
I I I I I I I I I D Please send additional information about Foster Parents Plan. to answer your questions about Foster Parents Plan and to send you 

, D I want to help. I prefer to make a contribution of $ ___ . a finanCIal statement and annual report. SFCA90A . 
�--- -----------------------------------' 
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Speed up, smooth out 
your order processing cycle. 

Remember when phones came only in black? 
Today, deregulation has put a new and heavy 

emphasis on the marketing of a variety of telephone 
equipment. As a result, more and more telephone 
companies, looking for new and better ways to manage 
distribution and inventory, have turned to MCAUTO 
for help. 

We have a computer system which controls the entire 
order processing cycle, from order entry through 
inventory control and replenishment, to shipping, billing, 
and receipt of payment. Orders and inquiries sent from 
remote terminals are stored and processed according to 
priority; data is continually updated and available "on-line" 
to remote terminals. The result: A smoother, more efficient 
order processing cycle, and inventories always at proper 
levels. 

Will the system work as well for tractors and tires as it does 
for telephones? Absolutely! 

Data 
• 

processln 
ideas at wor I 
the teleP.hone 

industry 
Replace switching circuits 
without having phones go dead. 

Touch dialing, conference calls, call for
warding. T his is the age of electronic switching, 
with more and more new and sophisticated 
services being demanded by subscribers. 
But how do you replace mechanical systems 
serving hundreds of thousands of cus
tomers without interrupting service? 

Two major telephone companies 
recently found the answer in 
MCAUTO's computerized network 
plotting system. 

On two room-size wall charts, we 
laid out all the conversion activities and 
critical "end dates"-dates which allowed 
for no slippage, even though some of the 
activities were 12 months away. This data 
was sent to MCAUTO computers. Back came 
a variety of computer-printed and plotter-generated reports 
which enabled each company to convert more than 150,000 of 
its subscribers each year to electronic switching-without a 
single breakdown in service. 
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I 

Give your accounts 
the attention they deserve. 

Now at a glance, phone company management can track multiple 
types of revenue, more effectively manage sales forces and have an 
up-to-date view of business accounts and trends on a regularly
scheduled basis. 

A MCAUTO-designed marketing system tracks all types of equip
ment, billing data, firm name, account by sales or types of industry, and 
even the sales performance of marketing representatives and their 
management-from district through region and division levels. 

If you want to keep closer tabs on your accounts-whatever 
business you're in-give us a call. 

Schedule the hours for 
thousands of operators by computer. 

At more than a dozen phone companies across the 
country, MCAUTO's computer systems help make sure 
there's always a voice with a smile when someone dials 
"Operator:' It's no simple task. 

Computers are fed key data including peak hours 
for operator assistance calls, call volume history, union 

regulations, time-off, breaks, personal preferences, 
overtime, operator efficiency, and other factors. What 

emerges is an operator work schedule that meets both 
company efficiency and customer service standards. 
Important, too, the operators know work assignments 

have been made on the fairest and most unbiased basis 
possible. 

As you might expect, these MCAUTO systems can be 
used by any organization with large numbers of workers to be 

scheduled. 

If we've caught your interest with any of these 
data service ideas, or if you'd like to discuss a 
particular problem we've not covered here, call 
us at (314) 232-8021. Or mail the coupon. 

ItIICAUTQ 
MCDONNELL DOUGLAS 

Setting the standard in data processing 

MCAUTO is a registered trademark of McDonnell Douglas Automation Company. 

r---------------------------I 
I W.R. Vickroy 
I MCAUTO Dept. KI-500 

I Box 516, St. Louis, MO 63166 
I 0 Please send information on "Data Processing Ideas at Work in 

I
' the Telephone IndustrY:' 

o Have your representative call me. 
I I Name Titte ________ _ 
I .1 Company Name Phone ____ _ 

I Address _________ -:-____________ _ 

I City State Zip ___ _ 
L ____ --_______________________ .J 

A JOB? LET'S SWAP RESUMES. SEND YOURS, WE'LL SEND OURS. AN EQUAL OPPORTUNITY EMPLOYER. WRITE BOX 14526, ST LOUIS. MO 63178. 
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Is 
Northwestern 

utual 
Crazy? 

• 

Yeah, like a fox. 
When the Nor thwestern Mutual Life 

Insurance Company announced its "GET 
MORE OUT OF LIFE" program this year, other 
life insurance companies were a bit worried. 
Imagine America's 9th largest life insurance 
company offering permanent policyowners a 
14% average increase in coverage without 
increasing the policy premium'. While future 
dividends will be slightly lower than they 
would have been , future cash values on these 
policies will be higher. This offer is made 
possible because of a massive and dedicated 
effort in research and development. It 
provides a tax savings which can b e  
channeled back t o  the true owners o f  the 
company, the policyowners. The "GET MORE 
OUT OF LIFE" program is just another 

example of over a century of continued 
dedication to providing the best possible life 
insurance value. As for those other life 
insurance companies ... guess you can say 
they've been out-foxed again. 
'Policies issued after December 31, 1977 already contain 
these improved features. 

NORTHWESTERN MUTUAL LIFE 
The Quiet Company 

~ 
© The Northwestern Mutual Life Insurance Company, Milwaukee, Wisconsin 1980 
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from conflicting trends have to be re
solved. Carefully constructed scenarios 
can be seen as ways of describing poten
tial futures. They are not predictions. 
Instead they take into account both fond 
aspirations and realistic expectations. 
The results presented in the remainder 
of this article refer to the picture of 
the future world energy balance that 
emerges from the nASA scenarios. 

The transition from a stable world 
population of about a billion people in 
1800 to one of perhaps 10 billion is al
ready well under way. By a conservative 
estimate the world's population will 
double, from four billion to eight bil
lion, within the next 50 years. Whereas 
the growth of energy demand in the pe
riod after World War n stemmed main
ly from industrial development in the 
northern countries, where the popula
tion was already fairly stable, the future 
energy demand will be generated main
ly by the demographic growth of the 
southern countries. In order to take into 
account the large differences between 
countries in their levels of economic de
velopment, their population dynamics, 
their energy resources and other perti
nent factors the nASA has divided the 
world into seven major regions [see illus
tration on next page]. A complex set of 
computer models serves to project the 
economic and technological develop
ment of each of these regions. 

It was found fairly early that a simple 
extrapolation of the trends established 
in the period from 1950 to 1975 would 
lead to a growing discrepancy between 
global energy supply and global energy 
demand. Only by postulating a consid
erable reduction in the projected rate of 
economic growth in all the regions and a 
parallel sharp increase in the global en
ergy supply-in terms of both estimated 
reserves and production capacities-was 
it possible to bring the future supply and 
demand totals into anything like a rea
sonable balance. In view of the uncer
tainties of such a dual "solution" to the 
world energy problem, two scenarios 
were developed. These models, termed 
the low-growth scenario and the high
growth scenario, were then applied to 
each of the seven major regions. 

Both of the nASA scenarios imply a 
dramatic break with past economic 

trends. The low-growth scenario in par
ticular entails much lower rates of ec
onomic development than those of the 
period 1950-75. Although the project
ed growth rate in this scenario would be 
generally higher in the developing re
gions than in the developed ones, it 
would still not be high enough for an 
adequate technological infrastructure to 
be built up in most of the developing 
countries for many decades to come. 

In addition to the modest economic 
projections built into these scenarios 
both of them incorporate optimistic es-

timates of the potential for energy con
servation. They also reflect current 
trends toward an increase in the con
tribution to the gross national product 
made by the services sector of the econ
omy, toward a substantial improvement 
in energy efficiency in all sectors and 
toward early "saturation" effects in cer
tain energy-intensive activities, such as 
transportation. This approach has en
abled us to obtain quite detailed projec
tions, reflecting various ways of life and 
technological conditions, of the specific 
demand for energy required for a given 
amount of economic output, measured 
as a function of the level of economic 
activity achieved in a particular region 
[see illustration on page 128]. It is evident 
from such projections that "decoupling" 
energy and economic growth in an ad
vanced economy is quite different from 
doing so in a subsistence economy. In 
view of the rudimentary industrializa
tion achieved so far in the developing 
countries it seems clear that in the dec
ades ahead it will be harder for them to 
limit their growth in energy-intensive 
technology than it will be for the devel
oped countries to reduce theirs. 

Complementary to the effort made to 

reduce the energy-demand figures in 
the nASA scenarios has been the at
tempt to increase estimates of potential 
future energy supplies. The escalating 
price of crude oil, the form of primary 
energy now at the top of the world price 
scale, is bringing into the marketplace 
energy resources that were formerly not 
considered economically competitive. 
Our study ranks potentially recoverable 
resources of coal, oil, natural gas and 
uranium as a function of increasing pro
duction costs [see top illustration on page 
129]. The totals we get in this way are 
much higher than the "proved" reserves 
identified as economic at present. Our 
figures nonetheless represent a reason
able hope; they suggest that with the 
help of vigorous exploration and ad
vanced production technologies (either 
already in existence or yet to be devel
oped) the world could roughly triple its 
present energy reserves by 2030. 

By this accounting fossil-fuel reserves 
would amount at that time to the energy 
equivalent of 3,000 terawatt-years with
in production-cost ranges at or even be
low current market prices. (A terawatt
year is the standard energy unit in the 
nASA studies; it is 1012, or a trillion, 
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SUBSTITUTION OF PRIMARY-ENERGY FORMS has historically been in the direction 
of greater overall energy efficiency. In effect this trend has manifested itself in the movement 
toward ever more versatile forms of primary energy, that is, forms that reqnire less upgrading 
to provide final-energy forms. In this graph of the substitution of primary-energy forms in the 
U.S. the colored lines are averages of the historical data. The data are again plotted on a logistic 
scale, which represents S-shaped functions as straight lines. The lines are remarkably regular. 
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watts supplied or consumed for a year.) 
Divided by a global energy demand of 
about 30 terawatt-years per year, which 
is what we estimate as the annual rate of 
energy consumption in 2030, this pro
jection translates into an energy reserve 
with an exhaustion time of roughly a 
century. It is imperative, however, that 
such optimistic resource estimates be in
terpreted within the correct framework. 

First, the economic evaluation of en
ergy resources (measured, for example, 
by the price/cost ratio) in an evolution
ary process leading to ever cheaper en
ergy supplies does not apply to the up
hill fight in costs that confronts the 
world in the years ahead. Second, the 
3,000 terawatt-years' worth of oil, gas 
and coal we have projected will be qual
itatively different from the reserves as
sociated with these forms of energy to
day. The rise in production costs from 
one category to another reflects impor
tant changes that will further constrain 
the usefulness of such energy resources. 
For example, the oil in the nASA pro
duction-cost Category 3 consists pri
marily of tar sands and oil shales, both 
resources that are accessible only by 
mining and retorting, not by drilling. 
The transportation and refining of a bar
rel of oil produced in this way will be 
considerably more costly than they are 
for a barrel of today's Saudi Arabian 
light crude. Moreover, environmental 

•• • 1 

o REGION I 
o REGION II 

REGION III 
o REGION IV 
• REGION V 
II'JREGIONVI 

REGION VII 

limitations quickly enter the picture if 
these resources are to be recovered and 
processed not in desert areas but close to 
heavily populated consuming ones. 

In short, tapping a major fraction of 
the resources projected in the nASA 
models implies a difficult transition, not 
only from cheap fuels to expensive ones 
but also from comparatively clean and 
easy-to-handle fossil fuels to dirty and 
less versatile ones. Such a transition will 
also call for important adjustments out
side the narrowly defined energy sector 
of the world economy, and it will take 
time. 

What is true of fossil-fuel power sys
tems applies even more to advanced, 
non-fossil-fuel systems such as fission 
reactors that "breed" their own fuel, so
lar-power generators and fusion reac
tors. Since the fuel resources in these 
systems are in effect unlimited, the re
source base does not influence the 
achievable levels of deployment. "Infi
nite" energy resources of this type can 
be said to substitute capital for the finite 
natural resources that are depleted in 
fossil-fuel systems. Hence the rate at 
which an economy can afford to expand 
its fixed energy-generating capital stock 
will determine the price of these quasi
permanent power sources and accord
ingly their potential share of the world 
energy market. 

A satisfactory determination of this 

�--

price cannot yet be made. It would pre
sumably balance the capital investments 
that would have to be diverted from 
general productivity with the benefits 
that would accrue to a national econ
omy from adding a quasi-permanent 
power source. There is a striking simi
larity between the ambiguities inherent 
in determining a "fair" price for scarce 
fossil-fuel resources and those inherent 
in determining the price of "infinite" en
ergy endowments such as breeder reac
tors and solar-power generators. 

In the absence of long-term price esti
mates a projected balance between 

energy supply and demand must rely on 
considerations of cost and other con
straints. In the nASA analysis such con
straints were imposed by a specific as
sortment of final energy requirements 
that would have to be met by the energy
supply sector of the economy; other pos
sible constraints include the maximum 
deployment rates of new energy tech
nologies and limitations imposed by the 
exhaustion of certain categories of re
sources. 

Within such constraints primary-en
ergy-supply scenarios were construct
ed that correspond to the high-growth 
and low-growth economic-development 
scenarios discussed above. The rela
tive shares of primary-energy resources 
could then be calculated for the high-

.' 
, . 

WORLD IS DIVIDED into seven major energy-related regions in 
the scenarios constructed by the author and his colleagues in the En
ergy Systems Program of the International Institute for Applied Sys
tems Analysis (IIASA). The regions were selected mainly on the ba
sis of economic factors rather than geographic proximity. Region I, 
North America, has a highly developed market economy and is com
paratively rich in energy resources. Region II, the U.S.S.R. and the 
rest of eastern Europe, has a developed planned economy and is also 
quite rich in energy resources. Region III, a far-flung entity consist
ing of western Europe, Japan, Australia, New Zealand, South Africa 

and Israel, is highly developed economically but rather poor in ener
gy resources. Region IV, Latin America, is a developing region that 
is fairly rich in energy resources. Region V, which encompasses cen
tral Africa, southern Asia and parts of southeastern Asia, is made 
up typically of less developed countries with scarce energy resources. 
Region VI includes the oil-rich developing countries of the Middle 
East and northern Africa. Region VII, China and the other central
ly planned Asian economies, is a less developed area that is general
ly self-sufficient in energy. The seven IIASA regions are not to be 
confused with different groupings discussed elsewhere in this issue. 
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Haw we can save 
2 to 20 gal lons 
of gas per clay 

- and cut imports 1 to 10 billion dollars per year. 
If Americans relied on battery
powered electric cars, like this Omni 
of ours, for as little as 10% of their 
second and third car needs, we 
could save over 2 million gallons of 
gas every day. And, even at a low 
$25 per barrel of oil, U.S. imports 
could be cut by about a billion dollars 
annually. Of course, if all of our 
second and third cars were electric, 
the savings would be ten times 
greater. 
In the last ten years the lead acid 

battery has seen a 42% increase in 
energy delivery in 29% less space 
and with 23% less weight. These 
improvements bring estimated 
operating costs under 4¢ per mile 
for a limited range electric sub
compact. 

Electrics have already proven their 
practicality on the road. (We have 
three of our own in daily commuting 
use.) More are being put on the 
road every day-but we need 

mass production to bring vehicle 
costs down and cut our nation's 
gas bills. 

Let's Go America-Go Electric And Start 
Solving Our Energy Problem Now! 

ST.JOE 
LEAD COMPANY 

Oivision of Sl. Joe Minerals Corporation 

7733 Forsyth Blvd., Clayton, MO 63105 
(314) 726-9500 
A BASIC SOURCE 

If you would like to know more about the electric cars. trucks, buses in use today, write us for "EV booklet". 

Our three battery-powered Dodge Omnis in garage next to our main office -are plugged in -and charged while their drivers are at work 
...----
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Our ultrasonlC 
range finder 
automatlcal1y 
focuses cameras 
for us. 

What can you 
get It to' do 
for y-ou? ' 

. Flnd out. 

• 
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PROLOGUE: In 1978. Polaroid revolutionized photo
graphic technology (again) by introducing ultrasonic auto
matic focusing. At the touch of a button. the Polaroid 
SX-70 Sonar Land camera sends an ultrasonic pulse 
toward the subject. receives the pulse echo. times 
the round trip. converts time to distance. and automat
ically spins the lens to a precise setting. The entire 
process takes only 0.06 second for a subject 5 '  away. 

It is a performance that caused a highly respected 
product testing organization to state that our system 

"calculated distance to subject with uncanny precision:' 
Our rangefinder represents a vast improvement over 

conventional sonar devices in terms of size as well as 
measuring precision. (We have miniaturized the bulky 
sonar system until it tucks neatly into our camera.) 

Briefly. the Polaroid ultrasonic rangefinder operates as 
follows: At the touch of a button. a 420 KHz quartz crys
tal clock is activated. It generates a 4-frequency chirp of 
1 millisecond duration. feeds it to a transmitter which 
amplifies it and broadcasts it through a highly sophisti
cated transducer After waiting 0.6 milliseconds for the 
transducer's diaphragm to damp down. the receiver 
starts to listen for the echo. (The echo will return from 
an object' as sound-absorbing as foam rubber: and as 
small as a flower stem.) To compensate for echo decay 
over longer distances. receiver sensitivity is enhanced by 
ramp gain and a Q filter Echo travel time is monitored 
by the clock and converted to distance by a calculator 

THE STORY: There are many companies working to 
solve problems involving object detection. measure
ment. or range-finding. (Maybe yours is one of them.) 

We have decided to sell Polaroid ultrasonic rang�
finding transducers to those comQanies that can use 
them for non-camera aQQlications. 

01980 fIllaroid Corporation "fIllaroid" and "SX-70"® 

In order to help companies decide whether they can 
use our transducer invention. we've put the appropriate 
hardware into an experimenting kit for design engineers 
and product designers. As a result of sending out a 
number of sample kits. the following projects are now 
well under way: 

A "seeing eye" cane for the blind. An electronic 
"dipstick" for sensing liquid levels in storage tanks. A pre
cision landing device for helicopters that have to set 
down on wave-tossed oil-drilling ships. There are many 
other examples. but by now you have grasped the fas
cinating potential. 

The material in our Ultrasonic Ranging Designer's Kit 
will permit you to detect and measure the presence and 
distance of objects within a range of 0.9' to 35.' The 
transducer updates measurements 5 times per second 
and displays results on a digital readout screen. The kit 
contains a technical manual. 2 instrument grade 
Polaroid electrostatic transducers. a modified Polaroid 
ultrasonic circuit board. a Polaroid circular polarizer: 2 
Polaroid Polapulse 6-volt batteries. a battery holder: and 
assorted wires and connectors. 

If you would like to find out what our transducer in
vention can do for :i0u. send $125* plus local taxes and 
$1.50 for shipment. Include check or money order for 
each kit. Polaroid Corporation. Ultrasonic Ranging Mar
keting. Cambridge. MA 02139. Then you can write your 
·own EPILOGUE. 

Our lnventlons 
can be your components. 

POLAROID 

• Price subject to change. 
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HP-41C. 
The calculator that 
changes with your needs. 

POWERFUL AND FLEXIBLE 
As your professional problem-solving 

requirements change and grow, you may 
find yourself having to upgrade to a more 
powerful calculator. Not so with the 
HP-41C. By itself, the HP-41C could easily 
be all the calculator you'll ever need. It has 
a resident memory of over 400 lines, or 
63 data registers, or any combination. 
It has over 130 functions. And any func
tion, or any program, may be assigned to 
any key-allowing you to customize your 
HP-41C to meet your specific needs. The 
HP-41C Continuous Memory retains your 
programs, data, and key assignments 
even after the calculator is turned off. And 
it is alphanumeric: programs may be 
named, output can be labeled, error mes
sages and prompts appear in words. 

PLUG-IN PERIPHE RALS, TOO 
But if you need more problem-solving 

power, the HP-41C can become a com
plete personal computation system. Expand 
memory to 2,000 lines. Add a Card Reader, 
an Optical Wand that inputs bar-coded 
programs, a Printer that also plots, and 
Plug-in Application Modules that provide 
solutions to problems in business, science, 
and engineering.The HP-41C Owner's 
Handbook can guide even novice program
mers to problem solution with easy-to
understand, step-by-step procedures. 

ENQUIRE, NOW 
Visit a Hewlett-Packard dealer now. And 

make a decision you can live with. Buy 
an HP-41C. For details and the address of 
your nearest dealer, CALL TOLL-FREE 
800-547-3400, Department 236T, except 
from Hawaii or Alaska. In Oregon, call 
758-1010. Or write to Hewlett-Packard, 
1000 N.E. Circle Blvd., Corvallis, OR 
97330, Dept. 236T. 610/14 

HEWLETT 
PACKARD 
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growth scenario, say, as a function of 
time, aggregating the separate calcula
tions for each of the seven major nASA 
regions. Although the patterns of pri
mary-energy deployment were some
what different at the regional level for 
the low-growth scenario, the aggregate 
supply structure for the entire world 
turned out to be practically the same as 
in the high-growth scenario. 

The projected figures for the high
growth scenario show that over the 50-
year span of the nASA study natural gas 
will maintain its present share of ap
proximately 20 percent of the world en
ergy market but that oil will gradually 
decline, from 40 percent in 1980 to 20 
percent in 2030. To make up for this 
shortfall and, what is equally important, 
to meet the demand for liquid second
ary-energy forms an increasing amount 
of coal will have to be converted into 
synthetic fuels. The diversion of this 
much coal from electric-power genera
tion will in turn have to be partly com
pensated for by the further penetration 
of nuclear power into the market for 
generating electricity. Because of antici
pated resource limits on the supply of 
natural uranium, breeder reactors will 
assume an ever increasing share of the 
world energy-supply market from the 
year 2000 on. Renewable energy sourc
es, hydroelectric power and geothermal 
power will add up to a fairly constant 
share of somewhat less than 10 percent 
of the total energy supply, an estimate 
that implies a substantial increase in the 
absolute power-generation levels for all 
these comparatively minor supply cate
gories. From the base year of the nASA 
study (1975) to 2030 the total primary
energy consumption rate is projected to 
rise from 8.2 terawatt-years per year to 
36 terawatt-years per year in the high
growth scenario and to 22 terawatt
years per year in the low-growth one. 

The size of the industrial operations 
postulated as achievable in the two en
ergy-supply scenarios can be gauged 
by comparing present and future rates 
of deployment of the various primary-

MODEST ECONOMIC GROWTH project
ed in both the high-growth and the low-growth 
energy-demand scenarios constructed by the 
IIASA analysts is presented in this set of bar 
charts for each of the seven major world divi
sions considered in their study. The percent 
figures on the connecting lines give the histor
ical and projected rates of economic growth 
for each region in terms of the annual growth 
in the gross national product per person in 
that region for three different time intervals 
between 1950 and 2030. All the figures are 
average annual growth rates (rounded to the 
nearest tenth of a percent) over the interval 
in question; actual projections in the IIASA 
scenarios assumed decreasing growth rates. 
Light-colored parts of bars show the differ
ence between high- and low-growth scenarios. 
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energy sources [see bottom illustration 
011 opposite page). In the high-growth 
case oil prod uction would have to dou
ble by 2030 and coal production would 
have to quintuple. The challenges fac
ing the energy-supply ind ustries in the 
low-growth scenario also appear to be 
formidable. 

The tension in the two IIASA sce
narios between prodigious energy-con
sumption figures and modest economic
development prospects is symptomatic 
of the long-term global energy problem. 
To put the present trends and future 
challenges of the energy market in per
spective it will be helpful to recall at this 
point several of the more detailed condi
tions underlying the IIASA scenarios. 
These conditions are as follows. (1) The 
energy resources to be consumed within 
each IIASA region will have to be made 
available at production-cost prices. 
With the exception of oil this rule will 
also apply to exports to other regions. 
(2) Oil production in Region VI (the 
Middle East and northern Africa) will 
have a ce iling of 33 million barrels per 
day. In addition Region II (the U.S.S .R. 
and its allies in eastern E urope) and Re
g ion VII (China and the other centrally 
planned Asian economies) will not par
tic ipate in the oil trade between regions. 
(3) Each of the seven major world re
gions will build up a cost-minimizing en
ergy-supply system of its own to meet 
regional demands for final energy. j4) 
Each region will in addition assume for 
itself the burden of switching to a more 

oc « ...J ...J 

3 

o 
0 2 .5  

expensive energy infrastructure when 
the time comes. 

Together with various other method
ological provisos these four conditions 
enable us to project a viable, if not en
tirely satisfying, solution to the global 
energy problem. The cheapest energy 
resources would be ·used up grad ually, 
and no region would be forced to pay 
exceptionally high energy costs long be
fore the others would have to follow. 
Except for the oil trade originating in 
the M iddle East and northern Africa, 
such a world would abstain from using 
energy as leverage for the redistribution 
of general economic productivity. 

Both the high-growth and the low
growth scenarios are put forward as 

possible long-term evolutionary proc
esses. As such they imply a number of 
actions and achievements, both techni
cal and institutional, over the next 50 
years. What are the crucial checkpoints 
that must be passed for these global evo
lutionary scenarios to be realized? 

A particularly difficult problem with· 
in the general energy puzzle is how to 
ensure an adequate supply of liquid fu
els through roughly the year 2000. It ap
pears from our analysis that if one ex
cludes from consideration the central
ly planned economies (which need not 
be driven into the tightening internation
al oil trade, since they have compara
tively ample oil resources of their own), 
the world will continue for some time 
to depend on oil exports from the M id-
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SPECIFIC DEMAND FOR FINAL ENERGY required to produce a given unit of economic 
output was projected in the IIASA low-growth energy-demand scenario as a function of the 
average level of economic activity achieved in six of the seven regions in the study. The dots 
give the historical data for the years 1950, 1960, 1970 and 1975; the open circles indicate the 
projected figures for 1985, 2000, 2015 and 2030. According to the author, the graph suggests 
that in the decades ahead it will be harder for the developing countries to limit their growth 
in energy-intensive technology than it will be for the developed countries to reduce theirs. 
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die East and northern Africa. Outside 
this region new reserves will have to 
come on stream very quickly, from both 
proved and unproved fields, including 
those in deep offshore areas and polar 
areas. The large contributions projected 
from such sources by 1990 will require 
that enormous effort be put into explo
ration and development. It is question
able whether such a pace will actually 
be achieved; accordingly it seems all the 
more important to prepare in plenty of 
time for the large-scale production of oil 
from unconventional sources beginning 
in about 1990. Substantial shortfalls in 
the production of oil by e ither conven
tional or unconventional means below 
the volumes projected in the IIASA 
high-growth scenario would require the 
introduction of coal liquefaction on a 
globally significant scale before the year 
2000. Except for a possible delay of 10 
years in the production of synthetic liq
uid fuels from coal the low-growth sce
nario leads to an oil shortfall that is al
most identical with that in the high
growth scenario. 

The short-term and medium-term liq
uid-fuel problem is a tremendous chal
lenge to technology, but there is an even 
more pressing aspect of the problem, 
which is related to the quick shift that is 
bound to take place in the energy-trade 
relations between and within developed 
and developing regions in about the year 
2000 [see top illustration 011 page 130) .  At 
that time two important turning points 
will have been reached.  First, the three 
major developing regions that are now 
net oil exporters will divide into two 
subcategories: two that will continue to 
be net oil exporters, namely Region VI 
(the M iddle East and northern Africa) 
and Region IV (Latin America), and one 
that will abruptly become a major oil 
importer, namely Region V (central Af
rica, southern Asia and parts of south
eastern Asia). Second, the oil-buying 
competition between Region I (North 
America) and Region III (western Eu
rope, Japan, Australia, New Zealand, 
South Africa and Israel) will be succeed
ed by a competition between Region III 
and the energy-poor group of develop
ing countries in Region V. If Region I is 
not able to reduce its oil imports signifi
cantly by the year 2000, the competition 
for imported oil among developed and 
developing countries beyond 2000 will 
become even sharper. What institution
al arrangements would be able to man
age these two likely transitions in the 
terms .of the energy trade among major 
world regions around the year 2000? 

The full weight of such questions of 
energy-related medium-term economic 
stability will be felt in western Europe 
and Japan. In the high-growth scenario 
the dependence on imported oil in the 
Region III countries could be reduced 
by increasing imports of coal (or coal 
products) and natural gas. The low-
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FOSSIL-FUEL RESOURCES judged to be ultimately recoverable 
in each of the seven regions considered in the nASA scenarios are 
categorized according to increasing production costs. The cost cate
gories represent estimates of costs at or below the stated volume of 
recoverable resources (in constant 1975 dollars). For oil and natural 
gas production-cost Category 1 includes all resources recoverable at 
a price equivalent to $12 per barrel of oil; Category 2 covers the range 
from $12 to $20 per equivalent barrel of oil, and Category 3 covers 
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GLOBAL CONSUMPTION RATE of a variety of primary-energy 
forms is projected to rise from a total of 8.2 terawatt-years per year 
in the base year of the IIASA study (1975) to 36 terawatt-years per 
year in 2030 according to the high-growth scenario (left) and to 22 
terawatt-years per year in 2030 according to the low-growth one 

the range from $20 to $25 per equivalent barrel of oil. For coal Cate
gory 1 includes all resources recoverable at or below $25 per metric 
ton; Category 2 covers the range between $25 and $50 per metric ton. 
In the case of coal only a part of the ultimate resource (about 15 per
cent) was included, because the figures were already large and be
cause many uncertainties surround long-term coal resources and pro
duction technologies. No estimate was made of recoverable Category 
3 oil resources of the Middle East and northern Africa (Region VI). 
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(right). Nuclear-power sources are divided in these projections into 
conventional fission reactors (Nuclear 1) and advanced breeder-type 
fission reactors plus fusion reactors (Nuclear 2). The projections for 
direct solar power and otber forms of primary energy, such as "bio
mass" conversion, are considered optimistic by the IIASA analysts. 
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growth scenario avoids such additional 
fossil-fuel imports, but like the high
growth scenario it pushes Region I I I  
into an extended competition for im
ported oil at a crucial time : beyond 
2000, when very expensive oil will have 
to be shared with the much needier de
veloping regions. 

The imminent need to switch to large
scale substitutes for conventional 

oil, evident in both of the nASA scenar
ios, raises some important environmen
tal questions. Deep offshore oil, heavy 
crude oil, tar sands and oil shales will all 
have to be exploited vigorously begin
ning in about 2000. Apart from the deep 
offshore oil deposits and those in polar 
areas most of the recoverable hydrocar
bons in this category are in nondrillable 
formations in a few large geological ba
sins. By 2000 these basins will come to 
play a role analogous to that of the giant 
oil fields of the M iddle East today. The 
nASA high-growth scenario envisions 
an energy-production rate of a tera
watt-year per year from this "minable" 
hydrocarbon group in about 20 years, 
most of which would have to come from 
• three places:  the Athabasca tar sands of 

northern Alberta in Canada, the Orino
co heavy crudes of Venezuela and the 
Green River oil shales of Colorado, 
Utah and Wyoming in the U.S. The lo
cal environmental consequences of such 
large operations cannot yet be ade-
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quately assessed on the basis of past or 
present experience . 

When one comp utes the energy ratio 
(defined as the net useful energy output 
divided by the energy invested in pro
duction) for alternative schemes for the 
production of unconventional liquid fu
els, one finds that an output on the order 
of .3 or .4  terawatt-year per year per 
basin would call for the combustion of 
more than .1 terawatt-year per year of 
low-grade fossil fuel. In addition to the 
huge quantities of waste heat and chem
ical pollutants that wo uld be liberated 
the water-supply problems would be 
prodigious. Depending on the extraction 
process, the prod uction of several tenths 
of a terawatt-year per year of synthetic 
liquid fuel would consume on the order 
of tens of cubic meters of water per sec
ond. Significant problems are already 
encountered with wet cooling towers in 
areas such as the valley of the Rhine and 
its tributaries, where the water require
ments are much smaller. Major prob
lems related to land use, soil erosion and 
water pollution are likely to place fur
ther limits on the recovery of these non
conventional oil resources. The same 
limitations apply to the production of 
synthetic liquid fuels from compara
tively cheap open-pit-mined coal, for 
example in the vast coal basins of the 
northern Rocky Mountain states in the 
U.S .  and of the Kansk-Achinsk region 
in south-central Siberia. 
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LIQUID-FUEL SUPPLY is projected according to the IIASA high-growth scenario for the 
world excluding the centrally planned economies (Region II and Region VII). The top line 
gives the estimated demand for liquid primary-energy forms in the five regions that are expect
ed to participate in the international liquid-fuel trade through 2030. The gray are� includes 
various kinds of liquid fuel produced outside the Middle East and northern Africa (Region VI); 
the fuel sources represented include known reserves of conventional oil (A), new reserves of 
conventional oil (B), unconventional forms of oil, such as tar sands, oil shales, heavy crudes 
and other products of enhanced-recovery techniques (C), and synthetic fuels made by the liq
uefaction of coal (D). Gap between supply and demand is filled by oil produced in Region VI 
(colored area), which is expected to reach a peak output of 33 million barrels per day in 2010. 
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Over and above the local and regional 
problems that are l ikely to be encoun
tered in recovering such additional fos
sil-fuel resources, both of the nASA sce
narios would lead to a worldwide risk 
that cannot be adequately quantified at 
present. It is the risk arising from the 
release of the carbon contained in such 
fuels, which would be largely in the 
form of carbon dioxide. Significant in
creases in the atmospheric concentra
tion of carbon dioxide have been moni
tored for the past two decades. The pos
sible consequences of the two nASA 
primary-energy-supply scenarios have 
been estimated on the basis of various 
physical models, which describe the ef
fects of increased atmospheric carbon 
dioxide on the carbon cycle in the envi
ronment and on the exchange of radia
tion between the earth and space. The 
reliability of these models is not yet well 
enough known, but research and moni
toring programs are under way to im
prove the scientific basis for judging the 
global carbon dioxide issue. 

Finally, there is another potential eco
nomic constraint on the world's  future 
energy supply, arising from the rather 
heterogeneous geographic distribution 
of all fossil-fuel resources. A large frac
tion of the world's aggregate G . N .P. 
must be invested to build up the energy
production infrastructure in both of the 
nASA scenarios. It is conceivable that 
adequate rates of investment can be 
achieved, but it will surely be difficult 
for the developing countries. Averag
ing energy investments over regions as 
we have done tends to obscure the in
crease in the amounts of capital that 
will have to be transferred across na
tional boundaries to develop the great 
resource basins for the purpose of pro
ducing more fossil-fuel power. The de
velopment within the next two decades 
of any one of the major energy-resource 
basins will require not billions of dol
lars but hundreds of billions. Problems 
associated with the accumulation and 
control of that much capital are likely 
to lead to fiscal complexities that are 
unknown at present even to the largest 
of the world's  national economies. 

The developing countries, in view of 
their difficult situation, are likely to 

extend their use of local renewable ener
gy sources as far as is practical. Exclud
ing the large-scale direct use of sunlight, 
which under the most favorable circum
stances will remain economically in
feasible for decades to come, the larg
est potential renewable energy source is 
wood and similar solid biological mat
ter ("biomass"). Wood is still widely 
burned as a fuel in the developing coun
tries, where it supplies a significant frac
tion of present energy needs. 

The limitations on such renewable en
ergy sources can be demonstrated by 
comparing natural energy-supply densi-
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The Sinclair ZX80. 
A complete computer
only $199.95 plus $5. 00 shipping. 

Now, for just $199. 95, you can get a 
complete, powerful, full-function computer, 
matching or surpassing other personal 
computers costing several times more. 

It's the Sinclair ZX80, the computer that 
independent tests prove is faster than all 
previous personal computers. The compu
ter that "Personal Computer World" gave 
5 stars for 'excellent value: 

The ZX80 cuts away computer jargon . 
and mystique. It takes you straight into 
BASIC, the most common, easy-to-use 
computer language. 

You simply take it out of the box, con
nect it to your TV, and turn it on. And if 
you want, you can use an ordinary cassette 
recorder to store programs. With the man
ual in your hand, you'll be running programs 
in an hour. Within a week, you'll be writing 
complex programs with confidence. 

All for under $200. 

Sophisticated design makes the 
ZX80 easy to learn, easy to use. 

We've packed the conventional computer 
onto fewer, more powerful LSI chips
including the Z80A microprocessor, the 
faster version of the famous Z80. This 
makes the ZX80 the world's first truly port
able computer (6V2"  x 8V2"  X 1W' and a mere 
12 oz. ) . The ZX80 also features a touch 
sensitive, wipe-clean keyboard and a 
32-character by 24-line display. 

Yet, with all this power, the ZX80 is easy 
to use, even for beginners. 

Your course in computing. 
The ZX80 comes complete with its own 

128-page guide to computing. The manual 
is perfect for both novice and expert. For 
every chapter of theory, there's a chapter 
of practice. So you learn by doing -not just 
by reading. It makes learning easy, exciting 
and enjoyable. 

The ZX80's advanced design 
features.  

Sinclair's 4K integer BASIC has perform
ance features you'd expect only on much 
larger and more expensive computers. 
These include: 
• Unique 'one touch' entry. Key words 

(RUN, PRINT, LIST, etc . )  have their own 
single-key entry and are stored as a single 
character to reduce typing and save 
memory space. 
• Automatic error detection. A cursor 

identifies errors immediately to prevent 

entering 
programs with faults . .  
• Powerful text editing facilities. 
• Also programmable in machine code. 
• Excellent string handling capability-up 

to 26 string variables of any length. 
• Graphics, with 22 standard symbols. 
• Built-in random number generator for 

games and simulations. 
Sinclair's BASIC places no arbitrary re

strictions on you -with many other flexible 
features,  such as variable names of any 
length. 

And the computer that can do so much 
for you now will do even more in the fu
ture. Options will include expansion of 1K 
user memory to 16K, a plug-in 8K floating
point BASIC chip, applications software, 
and other peripherals. 

Order your ZX80 now! 
The ZX80 is available only by mail from 

Sinclair, a leading manufacturer of consumer 
electronics worldwide. We've already sold 
tens of thousands of units in Europe, so 
demand will be great. 

To order by mail, use the coupon below. 
But for fastest delivery, order by phone 
and charge to your Master Charge or VISA. 
The ZX80 is backed by a 30-day money
back guarantee, a 90-day limited warranty 
with a national service-by-mail facility, and 
extended service contracts are available for 
a minimal charge. 

Price includes TV and cassette connectors, 
AC adaptor, and 128·page manual. 

All you need to use your ZX80 is a standard TV 
(color or black and white). The ZX80 comes complete 
with connectors that easily hook up to the antenna 
terminals of your TV. Also included is a connector for 
a portable cassette recorder, if you choose to store 
programs. (You use an ordinary blank cassette.)  

The ZX80 is a family learning aid.  Children 10 and 
above will quickly understand the principles of 
computing-and have fun learning. 

Phone orders: (203) 265-9171. Mon.-Fri. 
8 AM-6 PM EST. We'll deduct the cost of 
the call from your invoice. (For technical 
information, call (617) 367-2555, Mon. -Fri. 
9 AM-5 PM EST. )  

s·ln---lal· --- Sinclair Research Ltd . ,  475 Main St. ,  � • P.O. Box 3027, Wallingford, CT 06492. r - - - - - - - - - - - - - - - - .  
I To: Sinclair Research Ltd. , 475 Main St. , P.O. Box 3027, Wallingford, CT 06492. I Please send me ZX80 personal computer(s) at $199. 95* each (US dollars), plus $5 

I shipping. (Your ZX80 may be tax deductible. )  I I enclose a check/money order payable to Sinclair Research Ltd. for $ _______ _ 

I Name I 
I Address I 
I City State Zip I Occupation: Age: __ _ 

I Intended use of ZX80: I 
I Have you ever used a computer? 0 Yes 0 No. I 
L

DO you own another personal computer? 0 Yes 0 No. 'For Conn. deliveries, add 7'70 sales tax!.J 
SA-9-0 a 

---------------� 

129D 
© 1980 SCIENTIFIC AMERICAN, INC



r= z w 
() II: W 
e:. 100 
'> 
0 
Z ...:: 
� 
en REGION " 
z 
0 
i3 
w 
II: 
:::; 
0 
a: 60 lL 
en 
I--
a: SO REGION III 
0 
n. 
x 
w 
>- 40 
<!l 
II: 
w 
z 30 w 
lL 
0 
z 20 
0 

� () 1 0 
0 ...J ...J ...:: 0 
1 980 1990 2000 2010 2020 2030 

ABRUPT TRANSITION in the allocation of energy exports from 
the resource-rich developing countries of Region IV (Latin America) 
and Region VI (the Middle East and northern Africa) is forecast in 
both of the IIASA scenarios for about the turn of the century. At that 
time Region V (central Africa, southern Asia and parts of southeast
ern Asia) will switch from being a net exporter of energy (colored area 
at top left ill each graph) to being a net energy importer (colored area 
at IIpper right). The present oil-buying competition between Region 
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DIRECT AND INDIRECT INVESTMENTS required to build up 
the energy-supply systems of the developing regions (black CIITl'es) 
are bound to consume a larger share of those regions' aggregate G.N.P. 
than the corresponding investments required in the developed regions 
(colored CIITI'es). The investments called for in both the high-growth 
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I (North America) and Region III (western Europe, Japan, Australia, 
New Zealand, South Africa and Israel) will presumably then be suc
ceeded by a competition hetween Region III and Region V. If Re
gion I does not succeed in reducing its oil imports essentially to zero 
hy this point, the competition for imported oil hetween developed 
and developing countries could hecome sharper. The timing of the 
expected transition differs by only a few years between the high
growth scenario (left graph) and the low-growth one (right

' 
graph). 
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scenario (left) and the low-growth olle (right) were averaged in the 
IIASA study over the two types of region, a procedure that tends to 
minimize the large amounts of capital that will have to be transferred 
across national boundaries to develop the great fossil-fuel resource 
basins on which much of the world's future energy supply will depend. 

© 1980 SCIENTIFIC AMERICAN, INC



ties with the existing or expected density 
of human energy demand. The harvest
ing of certain fractions of natural energy 
flows in the environment results in spe
cific energy-yield densities, which can be 
expressed in terms of the energy turn
over per year per geographic area. Only 
in the most favorable cases could these 
supply densities exceed the demand den
sities identified for the IIASA regions in 
the two scenarios. They fall short of 
even the present demand densities of ur
ban settlements. 

The IIASA scenarios allocate all to
gether almost 10 percent of the pro
jected global energy supply to renew
able energy sources. By 2030 this would 
amount to between two and four tera
watt-years per year, a range close to the 
maximum energy-yield estimates from 
all resource-limited sources in most of 
the world's developing regions. Accord
ingly one has to expect a vigorous ex
ploitation of all the biomass in Asia and 
Africa and much of it in Latin America. 
This prospect immediately raises ques
tions of ecological stability, soil erosion, 
water requirements and global climat
ic effects. The cumulative impact of 
stretching agriculture, bioenergy pro
duction and hydroelectric power to their 
natural limits would transform the face 
of the earth in the decades to come. The 
responsible limits to such an ecological 
transformation are not known. 

This projected view of how the world 
could balance energy supply and de
mand in the next two to five decades 
brings out issues at the interface of tech
nology and politics. These issues emerge 
primarily from discrepancies among 
"what could be," "what should be" and 
"what will be." 

There is little doubt that the world 
will soon be inhabited by more people 
than the traditional renewable energy 
sources can sustain. This will be true 
even if the majority were to forgo 
achieving the material well-being the 
present-day developed countries enjoy. 
The developed countries were forced to 
give up renewable energy sources for 
fossil fuels on their way to industrializa
tion as their energy demand began to 
exceed the local energy supply. The ear
ly transition from wood to coal in west
ern Europe and the U.S. was largely 
driven by this requirement. The depen
dence of such countries on oil, natural 
gas and coal is now a worldwide phe
nomenon. Since the world's recoverable 
resources of fossil fuels appear to be 
quite large, the industrialized countries 
could in principle be supplied with 
enough energy to last for more than a 
century, even if the developing nations 
were to gradually build up a mod
ern technological infrastructure and in
creasingly share in these supplies. In
deed, it was fashionable in the 1960's to 
conclude that there would be enough 
fossil fuel to allow for a timely buildup 

WILD 
TURKEY 
LI(tUEUR 
IIOUUON UQUEUII 

Scotland has Drambuie. 
Ireland has Irish Mist. France 
has Cointreau and B&B. 

Now America can boast its 
own great native liqueur: WIld 
Turkey Liqueur created in 
Kentucky by the originators of 
America's finest native whiskey, 
WIld Turkey. 

WIld Turkey Liqueur is the 
"sippin' sweet cream" of liqueurs. 
It's made to be savored slowly 
after dinner. Or as a mellow 
accompaniment to an evening's 
conversation. You've tasted the 
great liqueurs of Europe. 
Now taste America's great one 
WIld Turkey Liqueur. 

NOTICE: SUPPLY W1Ll BE LlMITEO. IF NOT IN YOUR STORE. PLEASE CONTACT AUSTIN, NICHOLS & CO" LAWRENCEBURG, KY. 80 PROOF © 1977 
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of energy sources that are not resource
limited, such as nuclear power and di
rect solar power. 

because they depend on the resolution 
of a conflict between hitherto sound ec
onomic principles :  the minimizing of 
costs and the seizure of markets through 
technological innovation. 

What seems to have turned the energy 
picture upside down in the 1 970's was a 
small shift in trends that is not even now 
fully appreciated.  For example, it ap
pears that the transition from fossil-fuel 
energy to nuclear energy will probably 
be an uphill fight in terms of cost and 
effort. This trend is in striking contrast 
to the earlier experience of dropping en
ergy costs, which accompanied the tran
sition from renewable energy sources to 
fossil fuels. The ultimate consequences 
of such shifts are difficult to foresee, 

The recent history of the oil market 
provides an early warning of that dilem
ma. The drastic increase in all energy 
prices is starting to bring in more expen
sive energy supplies and conservation 
technologies that can be justified eco
nomically. Yet the actual production 
costs of energy remain rather low. The 
economic differential between energy 
prices and prod uction costs, skimmed in 
the form of windfall profits by those in 
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"INCENTIVE GAP" is foreseen by the anthor in the long-term transition from exhaustible 
energy resources (fossil fuels) to sustainable ones (such as breeder reactors, direct solar power 
and fusion reactors). The transition will he fundamentally different from the earlier change
over from renewahle energy resources (such as wood) to exhaustihle ones in that it will have 
to he made at a time of rising rather than falling energy costs. It follows that traditional cost
minimizing principles of economics cannot be relied on to stimulate the kinds of technological 
innovation needed to make the transition successfully. In- this set of idealized graphs the incen
tive gap is placed chronologically in the context of the world-population trend (top), the sub
stitution of primary-energy forms (middle) and the specific energy costs of the three major 
categories of primary-energy forms (bottom). -All three graphs have arbitrary vertical scales. 
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control of the prices, is definitely not 
being applied now to the buildup of new 
supply capacities at or near the new en
ergy price levels. The OPEC countries 
are using their surplus oil income to de
velop their economies; the governments 
of the developed countries are financ
ing public investments from energy roy
alties or energy taxes, trying to stim
ulate consumption and so further eco
nomic growth through social-transfer 
payments. In this situation high energy 
prices can be perceived primarily as a 
means for redistributing the benefits of 
high industrial productivity. As long as 
the actual costs of energy prod uction re
main low there is no reason for the glob
al extension of an energy- intensive tech
nological infrastructure to be seriously 
impeded. 

In the years ahead energy investments 
will certainly be directed toward the 

deployment of second-best resources. 
The principle of the minimizing of costs 
will therefore first lead to the exhaustion 
of fossil-fuel resources that are easy to 
produce, convert, transport and burn. In 
spite of the fact that production costs for 
unconventional fossil fuels will in time 
reach a break-even point with the substi
tutes derived from nuclear power and 
solar power, reaching that point will not 
facilitate the quick buildup of the fixed 
capital stock representing these sustain
able energy sources. The less rewarding 
the basis is on which an old infrastruc
ture has to operate, the slower will be 
the pace at which one can afford to in
stall an even less rewarding new infra
structure. In short, the transition to sus
tainable energy sources such as breeder 
reactors, direct solar power and fusion 
power might well become more difficult 
with time. 

If this turns out to be the case, the 
entire global process of development 
must be seen as a race against time. It 
can only be won once the regions dispos
ing of high industrial productivity and 
the regions disposing of limited cheap 
resources ally their different kinds of 
wealth in order to pay the price for 
building up a basis for sustainable ener
gy sources. It will never be a minimum
cost operation. The transition from re
newable energy sources to sustainable 
energy sources, the first steps of which 
have been conceptualized in the IIASA 
scenarios, appears to parallel a step 
mankind took in the Neolithic period, 
namely the transition of the food system 
from hunting and gathering to animal 
husbandry and farming. This time we 
have fossil fuels to ease the transition, 
but we have less time than our ancestors 
did. The transition to sustainable energy 
sources-breeder reactors, direct solar 
power and fusion power-cannot be put 
off to an era when the globe will have 
nearly exhausted its one-time energy en
dowment. 
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Introducing the first in a series of special 
sections written by Peter J. Brennan and 
Development Counsellors International Ltd. 
focusing on advances in high technology 
throughout the United States. 
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In Virginia, we're building systems 
that teach people to fly ... that gather intelligence 

... that make ship control more efficient. .. 

because someone asked Sperry. 

Our willingness to listen-and respond-has made 
Sperry a leader in the development of defense systems 
and the management of military programs. At Sperry 
operations in Northern Virginia, we're demonstrating 
this responsiveness with advanced projects in 
simulation, electronic warfare and ship systems 
integration. 

SI MULAT ION-Duplicating the performance and 
physical characteristics of complex equipment and 
systems to teach a variety of tasks, saves precious fuel 
while minimizing risk to personnel and prime 
equipment. Sperry simulators developed at Fairfax will 
help pilots qualify in normal and emergency flight 
procedures for the F/A-18 fighter and the CH-53D & E 
helicopters. Our simulator for the EA-68 aircraft is 
training US Navy teams to handle highly complex 
weapons and electronic countermeasures operations. 
And we're developing a driver trainer for the XM1, the 
US Army's new main battle tank. 

ELECTRON I C  WARFARE-Developing tactically 
useful intelligence from an enemy's electromagnetic 
emissions has become an increasingly important part 
of military operations. At our engineering center in 
Reston we're designing highly automated systems for 
a wide range of applications. Simulation techniques 
are used both in system development and to provide 
basic and advanced team training on EW systems. 

SHIPBOARD ELECTRONIC SYSTEMS 
INTEGRATION-At Sperry, we've had extensive 
experience in system integration and software 
development. At Reston and Alexandria, our engineers 
are using these disciplines to integrate all shipboard 

electronics-from combat support to navigation-into 
a single system. 

Sperry operations in Northern Virginia are expanding 
rapidly. Many exciting and rewarding opportunities 
exist for experienced engineers and scientists at our 
Fairfax, Reston and Alexandria facilities. 

Sperry salaries are excellent, and our benefits program 
is among the best in the industry. We offer life, medical, 
dental and accident insurance, as well as pension and 
stock purchase plans. We also encourage our 
employees to pursue further education with a 100% 
refund program. 

Look into Sperry opportunities for professional 
satisfaction and growth by sending your resume to: 
David C. Gay, Personnel, Sperry Division, 
2724 Dorr Avenue, Fairfax, Virginia 20031. 

An Equal Opportunity Employer M/F/H. 

..JLSI!l>E�Y -,r 
SPERRY IS A DIVISION OF SPERRY CORPORATION. 
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�� Technology & Fairfax County 

Qp 
Introduction to 
Fairfax County & 
Northern Virginia 

George Washington, among other things an 
engineer and surveyor of some repute, lived 
there. 

So did George Mason, whose insistence on 
a Bill of Rights as part of the U.S Constitu
tion made this country unique. 

So did Roben E. Lee, whose genius 
spurred military technology by a generation 
or two. 

Thomas Jefferson, an amateur scientist of 
much note, did not. He was, however, a fre
quent visitor and his home not far away with 
the university he founded are shrines to the 
questioning mind and technical excellence. 

These men and many of their contempora
ries who shaped the nation we are today lived 
JUSt across the Potomac River from Maryland 
in Northern Virginia. The land it faces is 
now the District of Colum bia, capital of the 
nation, seat of the Federal Government, the 
National Science Foundation, the Smith
sonian Institution-"an Establishment for the 
increase & diffusion of knowledge among 
rnen" -and a host of colleges and universi
ties. It is the source of much funding 
through many avenues for research, develop
ment and manufacturing at the very boun
daries of existing knowledge. 

The region has become a home for thou
sands of questioning minds and the bench
mark of technical excellence. 

Today, over 1,400 modern companies 
whose produCts test the extreme edge of 
many technologies sprinkle this attractive 
land between the wide and gentle Potomac 
and the quietly beautiful Blue Ridge Moun
tains of Virginia. Engineers, scientists and 
corporate managers have largely replaced 
landed gentry, freeholders and farmers. 
Spurred by the Fairfax Counry Economic 
Development Authority under the leadership 
of its recent Chairman, Earle Williams, Presi
dent of The BDM Corporation, high technol
ogy, the fruit of the mind, has replaced the 
fruit of the land as the area's principal product. 

But close to water and mountains, equally 
accessible to the peace of rolling rural farm
lands and the stimulating atmosphere of one 
of the world's great capitals and educational 
centers, the area remains a uniquely pleasant 
and satisfying one in which to live and work. 

A little light 
history 

That part of Northern Virginia which now 
includes Fairfax County as well as neighbor
ing Arlington, Loudoun and Prince William 
Counties and the city of Alexandria began as 
a land speculation. 

King Charles II in 1649 granted to several 

noblemen all of VlfglOla that lay between the 
Rappahannock and Potomac Rivers. By 1719, 
Thomas, the sixth Lord Fairfax, Baron of 
Cameron, acquired all the shares, became the 
sole proprietor of the vast territory and actual
k travelled to Virginia personally to inspect 
and survey the propeny and eventually to live 
and die there. His cousin, William, built an 
estate at Belvoir where he became neighbors 
with people like George Washington at 
Mount Vernon and George Mason at 
Dunston Hall. 

The County of Fairfax, named for 
Thomas, occupies only a small part of the 
original proprietorship. In 1742, the Virginia 
legislature carved the new Fairfax County out 
of Stafford County. The new jurisdiction, in 
its time, would also be pared away. Loudoun 
County to the northwest was formed in 1757 
and a ponion was given over to the new Dis
trict of Columbia in 1798. Alexandria also 
became a separate entity in 180 I as part of 
the Federal District. Since the Federal 
Government at the time felt it had land 
enough on the Maryland side of the District, 
it returned these trans-Potomac sections to 
Virginia in 1846. They became Arlington 
County and the City of Alexandria, no 
longer part of Fairfax. 

The Federal Government may have given 
up the Virginia part of the District of 
Columbia, but with the coming of World 
War II, they began to take it back, piece by 
piece. The need for vastly expanded office 
space to house all the new government agen
cies and the Defense establishment in par
ticular soon had the Government bulging far 
beyond the D.C. line. The Pentagon, com
pleted in 1943 in Arlington as the largest of
fice building in the world, was only a taste of 
things to come. But it was also the catalyst 
that would cause extensive changes in the 
area and propel the government and the 
region into the forefront of new technology. 

By 1980, David A. Edwards, Executive 
Director of the Fairfax COUnty Economic 
Development Authority, could say: "We 
have the highest percentage of engineers and 
scientists in the workforce of any place in the 
nation. As a matter of fact on a per capita 
basis we have 2 I;' times as many such people 
as Los Angeles and three times as many as 
Boston. " 

Economic 
Background 

The region's early economy was agricultural. 
Such industry as there was related to agricul
ture and shipping, grist mills, repair shops, 
carriage builders, wheelwrights, blacksmiths, 
shipwrights and the like. But it was hardly a 
center of burgeoning technology despite the 
scientific bent of many of its distinguished 
carll' inhabitants and institutions. 

The business of Government and the ser
vicing of it soon became the primary non
agricultural business of the region. And yet 
while government remained small and its 
suppon and use of technology in the pre
electronic age limited, the business of govern
ment suppon also remained small. From the 
nation's beginning until after World War II, 
technological innovation was the product of 
other areas, though the Washington area in
creasingly began to pay for much of it. 

Population figures tell the Story. From 
1790 to 1930, Fairfax County grew from 
12,000 to 25,000 people, a bare doubling in 
140 years. In the 1930 decade, the popula
tion grew by 15,000 as a new philosophy of 
government took root. In another ten years, 
the population more than doubled. By 1975, 
it exceeded 530,000 and today is over 
630,000. Many of these people live in Fairfax 
County and work in Washington across the 
river, in typical suburban commuter style. 
But increasingly and at an accelerating rate, 
many now both live and work in Northern 
Virginia. 

The coming of 
technology 

Today, Northern Virginia houses many 
Federal agencies besides the Department of 
Defense. Three major scientific/technical ones 
are the U.S. Geological Survey housed in a 
large complex near Reston, the Central Intel
ligence Agency at Langley and the National 
Technical Information Service (NTIS) at 
Springfield. The Agency for International 
Development Offices for Science and Tech
nology and for Energy are also in the region. 

The Government, of course, has always 
had a great need for people to staff its own 
departments and agencies. As elsewhere, 
these civil servants live near the job. Genera
tions of them have been drawn from the 
Washington Metropolitan Area, including 
Northern Virginia. As the needs of an ex
panding wartime government brought tens of 
thousands of new people to the area, they 
found housing across the river in the con
genial environs of Virginia. Many of their of
fices did so too. Companies doing business 
with the government were a bit slower. They 
at first moved into the city since that is where 
corporations had always done business. 

"We had offices on Wisconsin Avenue in 
Washington," recalls Charles G. Gulledge, 
President of Dynalectron Corporation (and 
new Chairman of the Fairfax County Eco
nomic Development Authority.) "We were 
there 12 or 13 years and were running out of 
space. Further, we found it hard to recruit 
new people to work in the area. We had to 
move," says the CEO of the diversified high 
technology $350 million firm. 

Others tell a similar Story. "We opened an 
office with 40 people in downtown Washing
ton 10 1964 to be close ro our major custom-
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er, the Navy," says Charles Briggs, Program 
Development Manager at TRW's Washing
ton Operations office. 

However, after the war as the influx of 
people and the growth of government pro
grams continued at an ever higher technical 
level, the areas around Washington began to 
improve their infrastructures. More road 
systems and bridges were built, which im
proved access to the city but created traffic 
congestion. So companies began to shon
circuit the situation by locating their opera
tions outside the city. 

Dynalectron moved to McLean, Va. ,  a 
pleasant hamlet in Fairfax County. "We 
looked at lots of places, near some of which 
we have other operations. After a year of in
tensive evaluation, we settled in Fairfax 
County. The quality of life suits our employ
ees, it's near our customers, it ' s  convenient to 
domestic and international airpotts and it re
quired minimum dislocation of our head
quaner staffs ." The company among other 
things provides facilities management in
cluding operation and maintenance of 
technical systems for the White Sands Missile 
Range in New Mexico and has just com
pleted construction of the U.  S . '  s largest coal 
liquefaction plant at Catlettsburg, Kentucky. 
It employs nearly 800 people in the Fairfax 
County area-clerical, engineering, scientific 
and managerial-and, worldwide, about 
8,000 U . S .  citizens. 

TRW, which in Washington does highly 
sophisticated computerized systems engineer
ing and integration and software develop
ment for Gove rnment agencies, mostly the 
Navy, moved to Fairfax County in 1970 and 
now has some 650 people there. Many other 
firms followed a similar route. 

Government itself began ro decentralize 
operations, moving entire agencies some 
distance from the city center. In local com
munities, battles developed between growth 
and no-growth forces as the one sought new 
commercial and business activity to broaden 
the tax base and provide employment in the 
local economy while the other sought to go 
slowly and limit the rate of growth to that 
which the locality could absorb without ma
jor dislocation to people, institutions and 
environment. 

Among the more forward areas was Fairfax 
County, which set up an Economic Develop
ment Authority in 1964 ro "encourage desir
able business and industrial development." 
At the time, the County was a second-ring 
bedroom community for the Metropolitan 
area with a vety rapidly increasing popula
tion, most of whom worked elsewhere. There 
were relatively few industrial and business 
operations in the County. Those that did 
exist were there to service the population, not 
employ it. The infrastructure, however, the 
new roads, a new airpon (Dulles Internation
al) and the land were there. The Develop
ment Authority ' s  job was then to sell the 
County as a place to locate to the appropriate 
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companies. In the main, these would be 
flfffiS that supply services and products to one 
major customer, the U.S. Gove rnment, and 
to a number of second-level customers, one 
another. 

To establish an Authority is one thing; to 
fund it another. The growth/no-growth fac
tions in the County balanced one another 
and for many years the Development 
Authority had little authority. A blue-ribbon 
committee in 1975 appointed by the County 
Board of Supervisors, the County 's  elected 
governing body, strongly recommended that 
the Development Authority be adequately 
funded and staffed and that the County 
begin development in earnest . Says Earle 
Williams, who was a member of that com
mittee, "We were becoming a bedroom 
community with an inadequate tax base to 
suppott the services our population needed 
and wanted. We had to promote develop
ment, not just let it happen, so that we 
could control the type of business that came 
into the area, broaden the tax base and pro
vide employment within the community." 
Williams' company, The BDM Corp., is a 
$65-million diversified professional services 
flfffi that is testing the leading edges of 
energy, transponation, communications, 
defense and public policy theoty and prac
tice. The flfffi itself opened its local office in 
the District of Columbia in 1965 but moved 
early to Fairfax County, in 1966 and moved 
its headquaners there from El Paso, Texas, 
in 1970. 

Charles Gulledge COnflfffiS the develop
ment philosophy. "We did not want to be 
the bedroom community for Washington," 
he says. "Our objectives were to control the 
quality of growth, to attract corporate head
quaners and high technology organizations 
rather than heavy industry and also to attract 
all the supponing infrastructure-small busi
nesses, shopping centers and the like. The 
committee repon prevailed upon the Board 
of Supervisors to vety substantially increase 
funding and objectives of the Development 
Authority. We have met or exceeded the 
objectives.' , 

The goals have indeed been met. Since 
1970, the number of flfffiS has risen from 
505 to 1,413. Employment has gained 131 % 
from 24,662 in 1970 to 56,904 in 1979. 
More significant, however, are the types of 
flfffiS and employees. 

The number of companies, well-known 
and not-so-well known, engaged in research 
and technical manufacturing climbed from 
135 to 342. Included in these are flfffiS with 
names like Administrative Sciences Corpora
tion, Advanced Technology, Axiom Systems 
Corp., BDM Corp.,  Speny and Transcom 
Inc. that specialize in operations research, 
among other areas. In electronics, there are 
ACS International, AMF Electronics Research 
Laboratoty, Atlantic Research Corp., Bendix 
Communications Division, Datatronix, 
Reston Consulting Group and Virginia 
Instruments. 
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Telecommunications, a particularly fast
moving area, has many companies represent
ed, some of which do work in several related 
fields. Among these are GTETelenet, Source 
Telecomputing Corp., Notthrop Page Com
munications Engineers, Inc., Digital Com
munications, Inc. and American Communi
cations Corporation. 

Computer programming, data processing 
and the like engage the staffs of perhaps 
more companies than any other activity, both 
as their primary business and in suppon. 
Again, the field is diverse and numbers 
among its members Advanced Technology 
Systems, Boeing Computer Services, Inc., 
The Bank of Virginia and the Virginia Na
tional Bank, Computer Sciences Corporation, 
Hazeltine Corporation, Litton Computer Ser
vices and Mailing List Systems. 

Biological, chemical and environmental 
research is another large sector that includes 
flfffiS such as Battelle-Columbus, BioTechnol
ogy, Inc . ,  Clin Lab Medical Services, Environ
mental Technology Consultants, Inc., 
National Health Laboratories and Flow 
General Corp. 

To suppon these and other organizations, 
there are several professional and technical 
training institutions, such as the Automation 
Training Center, the Computer Learning Cen
ter and the Perfor.mance Design Corporation. 

Another categoty, corporate headquaners, 
administrative offices and manufacturers' 
representatives increased from 34 to 304. 
Many of these are also high technology, elec
tronics and computer science oriented. 
Among them are Automation Industries, 
Dynaleccron Corp . ,  Documation, Honeywell, 
Inc . ,  IBM Corporation, Memorex Corp. and 
Mobil Corp. The latter $48.2-billion com
pany is moving all its U.S. marketing and 
refining headquaners to Falls Church in Fait
fax County. The staff will include large 
numbers of the advanced technology people 
that are essential to the functioning of a 
modem petroleum corporation, including 
computer professionals, engineers, and com
munications specialists. 

But most spectacular has been the increase 
in a related category, national and i nterna
tional t rade and professional aSSOCIations, 
which went from 2 to 100. Among these are 
such high-technology and science-oriented 
groups as the American Federation of Infor
mation Processing Societies (AFIPS), which 
moved ro the region from New Jersey, the 
National Association of Biology and Ameri
can Geological Institute. Others include the 
American Press Institute and the National 
Right-to-Work Committee. 
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At BDM. we're excited about the future. It stands 
to r eason. The past has been very good to us. 

contributions and accomplishments are reCognized 
and rewarded. 

We have built an outstanding reputation 
as a professional services 

We offer career opportunities to hi�hly moti-

company helping decision
make rs in both the public 
and private sectors. 

We've maintained a 
growth rate exceeding 30% 
per year throughout the 70s. 

But that's yesterday. 
The challenges of tomorrow 
are equally diverse, equally 
exciting. 

BDM is ready. 
We have created an 

environment where problem
solvers can thrive, where 
"growth" is something be
tween a commitment and a 

WhatlsBDM? 
The BDM Corporat ion is a broadly diversi
fied professional services company working 
to solve nationally important problems in 
defense, communications, energy and the 
environment, transportation, and public pol
icy. BDM's principal services take the form 
of tests, experiments, designs, research, and 
analyses. BDM believes that the 1980s will 
be a testing ground for ideas, for innovations, 
for solutions. Finding them, and making them 
work, is what our Company is all about. 

vated engineers, scientists, 
and other technical profes
sionals with advanced de
grees and advanced aspira
tions. Opportunities are in 
systems engineering, military 
analysis, communications 
engineering, software de
velopment, and. many other 
areas. 

We invite you to send 
your resume to BDM. Your 
future is too important to 
spend it somewhere else. 
The BDM Corporation, 
7915 Jones Branch Drive, 
McLean, VA 22102. 

fixation, where the individual is free to work at his 
or her highest level of capability. A place where 
you can contribute from day one. Where your 

An equal opportunity employer mlf. U.S. citizenship 
required. 

A subsidiary of BDM International, Inc. 
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The need for 
people 
Enterprises of this nature require large num
bers of engineers, scientists, technicians and 
competent technical managers. Such people 
are not usually to be found in large numbers 
in tural counties, even those near large 
metropolitan areas. The employers and the 
area must attract the people from elsewhere. 
Money alone is not enough. Neither are 
pleasant living conditions. Competent, bright 
and curious people accustomed to working to 
a high level of technical excellence want 
assurances that their new work will be chal
lenging, imponant, varied and of real value. 
They also want the company and professional 
regard of their peers and ready opponunities 
to advance in both their professions and 
careers through formal and informal continu
ing education and participation in profes
sional societies. 

In Nonhem Virginia, newcomers fmd no 
shonage of like-minded people. In Fairfax 
County, nearly 50% of people 25 and older 
have fot.r or more years of college. More than 
75% of the workforce in the County is white 
collar. Of those, over 60% are professional 
and managerial. To service the intellectual, 
professional and career needs of these people, 
there are eleven colleges and universities in 
the Metropolitan Area which offer on campus 
and extension courses particularly suited to 
the wide range of disciplines represented in 
the area. Two, George Mason University and 
Nonhern Virginia Community College, are 
within the County. 

Challenging work there is enough, too. 
Since companies in the area exist largely to 
do for the Govemment what the Govern
ment cannot do for itself, the number and 
scope of projects are limited only by the 
Federal pursestrings and the imaginations of 
the strategists. Firms now are working on 
oceanography, air traffic control, computer 
sciences, rocket development, recombinant 
DNA, synthetic fuels, communications, elec
tronics component R&D, electromagnetic 
management, protection, systems design and 
even manufacturing of advanced hardware 
from the design State to operation. 

Much of the work, of course, is for the 
Department of Defense. However, there is 
truth to what Dr. Alvin E. Nashman, Presi
dent of Computer Sciences Corporation's Sys
tems Group and a Director of the Corpora
tion, believes: "Often the forward cutting 
edge of technology is developed by the mili
tary, then diffused through other govemment 
programs to the civilian sector." 

These firms employ professionals and tech
nicians in many categories: engineers of all 
rypes; life scientists; physicists; computer 
scientists; chemists and biochemists; machin
ists. No rwo fmns require the same mix of 
people, but few can fmd all the people they 
need. Many of these fmns have been expand-
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ing so fast that the local supply of qualified 
technical and even non-technical people is 
constantly drained. 

GTETelenet Communication Corporation, 
for example, which does research and techni
cal manufacturing of communications and 
data transmission nerworks, set up shop in 
the County in 1978 with 125 people and 
now employs over 800. TRW expanded 
steadily from 40 ro 600. Atlantic Research 
Corp. grew from 600 to 1,300 in four years. 
The Melpar Division of E Systems Incor
porated has expanded its engineering group 
alone from 240 to 460 people in Fairfax 
County in the same span. More significantly, 
where Melpar had only 8 computer software 
people in 1976, the company now has more 
than 100. 

And aside from expansion, normal turn
over creates many openings. With a turnover 
of 10%, a 1,500 person fmn will need 150 
new hires a year even without expansion. 
Multiply that by some 30,000 technical and 
scientific positions in Fairfax County alone 
and the annual requirement is at least 3,000 
new hires. 

It's not just engineers and scientists. Some 
spots for skilled trades are equally hard to fill. 
"You used to be able to get skilled machin
ists who leamed the trade at the Naval Gun 
factoty across the river," observes Lamben 
Murphy of Atlantic Research Corp. "But 
that's gone. We need people who can work 
to tight tolerances and we can't fmd them. 
We have to go out and rectuit them just as 
we do professionals. We have men in their 
seventies in our shop and no one to take 
their places." 

Unemployment statistics reflect these 
figures. The entire Metropolitan region now 
averages 3.2% unemployment while in the 
District of Colum bia itself it is 5 %, in 
Nonhern Virginia 3.2 % and in Fairfax 
County, a minuscule 2.8%. "Our rate nor
mally tuns from 40% to 50% of the national 
average," says Dave Edwards. So tight is the 
market, one manager complains that he can
not ptune his staff. "I would like to cut the 
bottom 5% evety year," says he, "but I can't 
afford to. I need the people who are, after 
all, qualified or we would not have hired 
them in the first place." 

Which is not to say that there are never 
any layoffs in the region. There have been . 
However, when they do occur, they result 
from the specific difficulties of a particular 
company-a change in ownership or manage
ment, a mistake, a contract that failed to 
come through on time-and not from the 
general state of the local or even national 
economy. As Dr. E. Oran Brigham, Vice 
President and General Manager of Melpar 
puts it: "Defense employment in this area 
does not tend to follow the cyclical mode of 
other areas, like California." BDM's Earle 
Williams says the same thing differently: 
"We are more recession proof in Fairfax 
County than moSt other areas because the 

economy qoes not depend solely on the 
business cycle." 

Nor is the expansion in people alone. 
Computer Sciences Corporation is a $450-
million computer and communications com
pany involved in the design, development 
and integration of complex state-of-the-art 
systems. CSC employs 15,000 people world
wide, has 4,000 in the Metropolitan area, 
1.340 of them in Fairfax County alone. 
These computer scientists, mathematicians, 
electrical engineers, programmers, physicists 
and others are scattered in ten separate facili
ties in the County, a major one being at the 
weStern edge in Herndon, Va. Says Dr. Nash
man: "We are at Herndon to give our people 
a more diverse geographic opponunity . They 
can live as far away as Midclleburg (in the 
Blue Ridge foothills) or the District of Co
lumbia iilld commute easily." 

That Herndon facility is entirely concerned 
with a $220-million contract to design, 
develop and inStall a computerized com
munications and data system for Saudi 
Arabia. This is one example that not all the 
work done in the region is for the U.S. 
Govemment or even for domestic clients. In
deed, not all the companies are U.S. based. 

The companies 
Some seventeen fmns in the County have 
headquarters abroad. These tun as wide a 
range as the American fmns, from sales and 
representative offices for supply and suppon 
organizations to manufacturing and R&D 
facilities for high-technology companies. 
Among these is NEC America, Inc., of 
Japan, which does research and manufactur
ing of digital communications radio and 
transmission equipment and Telecommunica
tions Switching Systems, Inc., of France, 
which does R&D for telephone switching 
equipment. On a larger scale, the Belgian 
fmn Gestinvest has bought land near Dulles 
airpon on which to build a 146-acre indus
trial park on the desirable Dulles Corridor 
called the "Front Door to the Nation's 
Capital." The company plans 25 buildings to 
house 2 ,000 people concentrating on techno
logy , research and development, organiza
tions and companies not involved in heavy 
industry. 

There may not be a typical Nonhern 
Virginia fmn. But in the manner of their 
founding, growth and the nature of their 
customers, there appears a similar pattern. 
That of Atlantic Research Corporation is fairly 
representative of those that came later. 

Founded in Alexandria in 1949 by rwo 
enterprising engineers on the strength of a 
$10,000 contract to develop a solid rocket 
propellant for the Navy, the company moved 
to Fairfax in 1958 to get more space. It was 
then basically a chemical company. But 
acquisitions added electronics capabilities, 
among others. 

That same success also caused the company 
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to be acquired by others, in 1967, after 
which it underwent a dissolution of sons. In 
1976, ten employees bought back the origi
nal Atlantic Research. Since then, though 
solid rocket motors are still 50% of the 
business and the Department of Defense ac
counts for 70 % of its 1979 sales of $ 54 
million, the company has expanded into 
other areas and other markets with such pto
ducts as borde cap liners, customized vans 
and buses, pollution control equipment and 
systems, coal-water slurries to replace fuel oil, 
electronic systems engineering and data com
munications. 

Two programs illustrate the company's 
technical diversity. One is electromagnetic 
management-the management of the elec
tromagnetic spectrum to reduce or eliminate 
interference. "Engineers and technicians with 
experience in this area are vety hard to find," 
says Lamben Murphy, "we have to train 
them." 

The other program is the Multiple Launch 
Rocket System (MLRS) a multiple-year, multi
ple-billion-dollar project in which ARC is 
teamed with Vought Aerospace to build a 
new generation of anti-tank weapons. "We 
will need 700 people in Camden, Arkansas, 
where the system will be built. But we need 
people here now to stan up the program and 
get in on the ground floor of a ten-year pro
ject," says Murphy. 

Dr. Oran Brigham at Melpar likes to say 
that his company is just about the only one 
in the area where an engineer or scientist can 
get hands-on experience with hardware. "In 
comparison to others in the region," says the 
General Manager of the facility where the 
work is so secret they may not even talk 
about the concepts or even with whom they 
have contracts, "where the emphasis is on 
studies, our emphasis is on technical applica
tions. We don't just study it, we build it. 
And the same is true in our software area. 
Our people get hands-on technical applica
tions experience. They conceive, design, 
develop, build and go into the field in 
operations. " 

While they can't talk about specific pro-
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grams and contracts, Dr. Brigham could talk 
about disciplines and general applications. 
"We're in the intelligence business," he says, 
"in the sensitive business of electronic war
fare, remote control reconaissance systems, 
airborne radio and the like." Among the 
ptoducts they can talk about are remote con
trolled flying drones, airplanes not much big
ger than large models containing vety sophis
ticated electronic surveillance gear. 

While Melpar, which was originally starred 
in the area by rwo engineers and then went a 
passage through a number of larger com
panies before senling down in 1970 as a divi
sion of E Systems, is a Research and Develop
ment firm. Its products are unique. "Of 
most of our products, we make only one or 

People in every type of technological endeavor are the underlying basis for Fairfax County's rapid 
development. 

State-of-the-art electronics 
development. 

Computerized airborne ground 
support test equipment. 

Some of the world's toughest electronic problems 
are solved in Fairfax County. 

E-Systems is recognized as 
a world leader in the design and 
development of non-consumer 
electronics systems that are 
often first-of-a-kind in the world. 

Our Melpar Division is one 
of the major industrial operations 
in Fairfax County, with plant 
facilities and offices in Falls 
Church, Virginia. 

Melpar's expertise is in 
the design and development 
of remotely controlled recon
naissance systems, collection 
systems and electronic war
fare. Our people at Melpar are 
working on the razor's edge of 
state-of-the-art technology. T he 
scope spans the entire radio 
frequency spectrum. And the 
work is for both airborne and 
ground application. 

If you would like to discuss 
your career opportunities at 
Melpar or divisions in Texas, 

Florida, Indiana and Utah, send 
your resume to J. Guiliano, 
E-Systems, Inc., Melpar Division, 
7700 Arlington Blvd., Falls 
Church, Virginia 22046. 

E- SYSTEMS 

The problem 
solvers. 
An equal opportunity employer 
with outstanding job opportunities. M/F, V, H. 
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Computer Sciences Corporation believes that 
any problem humans can conceive of, they can even
tually solve. The only limitation is the sophistica
tion of their science. That belief has involved us in 
many of the world's most difficult problems and 
in some of its most astonishing ac·complishments. 

It has also made CSC the world's largest 

information services company. That may surprise 
you. Almost everyone knows what we've done, but 
hardly anyone knows that CSC has done it. 

As NASA's computing partner, CSC has devel
oped programs and systems and handled data 
processing for the missions that have orbited the 
earth and explored the solar system. 
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By integrating the technologies of software, 
communications and hardware, we are continu
ously advancing the techniques of problem solving. 

CSC is developing the capacity of history's 
most profound tool, the computer, to change man's 
relationship with everything he has ever known. 

It's the ultimate challenge. Maybe you'd 

like to help us. If you think you're good, and you're 
not afraid to find out how good you really are, 
you should be in touch with Computer Sciences 
Corporation. We're 100kinge se 
for people who are not 
afraid to try anything. 
COMPUTER SCIENCES CORPORATION 

Computer Sciences Corporation. 6565 Arlington Blvd .. Falls Church, VA 22046 . An Equal Oppol'tunity Employer 
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two," says Dr. Brigham. "There's always 
something new." The company has become 
increasingly engineering oriented, as indicated 
by the growth of the engineering depart
ment. Most of the engineers are electrical and 
electronic with a smattering of mechanicals, a 
couple of industrials and one chemical. 

Loss of employees from one large company 
to another, however, is not a problem. People 
are of course free to do as they choose and 
the compaI}ies do not pirate one another. "If 
we have attrition," comments Dr. Brigham, 
speaking pretty much for all the companies 
in the region, "it is to the smaller electronic 

flnns." As with any region ftlled with high 
technology people, universities and sources of 
funding for bright ideas, a major source of 
new industry and new flnns is the existing 
base. Many companies spin off from the big 
ones as one or a few engineers get an idea 
they feel they can do better within a smaller 
environment. "Melpar has spun off a num
ber of local companies," says Dr. Brigham 
with some pride. 

Nowadays, these high-technology entrepre
neurs are referred to both in derision and 
with affection, and perhaps some envy, as 
"Beltway Bandits." Bandits because the 
established companies feel there is competi
tion enough without a couple of bright 
engineers setting up in a g arage to write soft-

ware for 
'
contracts the bigger companies 

might like to have. Yet these same Beltway 
Bandits provide the larger companies with a 
pool of talented people that are available to 
handle rush loads of highly sophisticated 
work. "It's a low risk, low capital business," 
says TRW's Chuck Briggs, "that encourages 
lots of people to leave the big companies and 
set up on their own." In time, of course, 
many a Beltway Bandit grows to join the 
Establishment. 

One finn that did is ENSCO, Inc., of 
Springfield, Va., in Fairfax County. Four 

people from Teledyne in Alexandria, started 
the company eleven years ago. The flnTI 
founded by two engineers, a physicist and a 
secretary today does $15 million sales in a 
variety of high technology areas and employs 
some 300 people, 80% of them technical. 
The company specializes in research and 
development for gove rnment agencies and 
private industry in such areas as railroad and 
highway safety, energy, surveillance technol
ogy and anti-submarine warfare technology. 
For this, they hire electrical, electronic and 

Tysom Comer attracts people and industry. 
architecture that dot this booming area. 

There aren't too many companies who are more active in defense systems engineering 
than TRW. Our WASHINGTON OPERATIONS GROUP in Fairfax County is one of the 

industry leaders in Anti-Submarine Warfare projects, Undersea Surveillance Activities, 
Technical and Information Data Systems and Command Control and Communication. 

We are now providing systems support for Amphibious Ships that will fortify our overall 
military effectiveness, enhancing our ability to put power ashore. We currently have 

openings in our McLean, Virginia facility in the following areas: 

ANTI-SUBMARINE 
WARFARE 

-Sonar Signal Processing 
- Sonar Arrays 

- Weapons Systems 
- Fi re Cont rol 

FLEET AIR DEFENSE 
- Radar 

- Missiles 
-Guns 

- Air-to-Air Combat 

COMBAT SYSTEMS 
INTEGRATION 

- Requirements/Specifications 
- System Design 

- Software Engineering 

- Computer Engineering 
- Data Bus Systems 

- Performance Analysis 

SUBMARINE SYSTEMS 
- Mission Engagement Analysis 

- Sensors 
- Weapons 

- Communications 
- Naval/Marine Engineering 

- IL S  

SYSTEMS MANAGEMENT 
- Acquisition Planning 

- Program Appraisal 
- Scheduling 

- Costing 
- Data Management 

- Configuration Management 

We offer an excellent salary and benefits package that includes flexible working hours, 
medical/dental /vision plans and a Christmas week shut down. To apply send us a letter . 

and/or resume to: 

W. G. Izabal Personnel Manager 
TRWlWashington Operations 

7600 Colshire Drive 
McLean, Virginia 22t02 

An Equal Opportunity Employer 
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mechanical engineers. physicists, mathemati
cians and computer experts. "We hire qualiry 
people , "  says Vice President Hal Demuth . 

Demuth points to one specific . The com
pany has developed an intriguing technique 
that uses radar underground to map coal 
seams. Technicians can take the special radar 
set into a mine and with it determine the ex
tent of a coal seam as well as anomalies such 
as water or rocks that could pose problems . 

It is this process of seeding and growth , 
reseeding and funher growth locally stimu
lated and supponed that is the mark of a 
successful economic development program . 

Government contraCts are the lifeblood of 
the Nonhem Virginia economy. And cenain
Iy during World War II and long after. the 
Dep arunent of Defense and its predecessors 
were the prime source of those contracts. To
day, many of the companies in the area are 
still largely dependent on defense work, a 
growth industry. And the majoriry of fLrms 
are overwhelmingly dependent in their local 
operations at least on gove rnment work or on 
companies whose prime customer or client is 
the Gove rnment . But increasingly as more 
technology and more funds flow to the pub
lic civilian sector, these fLrms find themselves 
applying advanced technology to the solution 
of the problems of the public as well as those 
of the military. To paraphrase Dr. Nashman . 
quoted above, the technology the citizenry 
buys does soon benefit the people in more 
immediate ways than is manifest in space and 
weaponry. 

Dr. Nashman's company, Computer 
Sciences Corporation, is a very good example 
of this flow-through . "Today, the basis of our 
business is one of high technological content 
exploiting the very, very radical developments 
in computers and communications, particu
larly in the past several years. These together 
permit a wide range of cost-effective solutions 
to problems, " says Dr. Nashman . Much of 
this technology ranging from main-frame to 
mini- to micro-computers and concomittant 
communications technology was developed 
and refined for the military and space. 

The Government is still the main consum
er, accounting for 60% to 65% of CSC's  
total business. But  in  addition to  the Depart
ment of Defense , "we work for the Depart
ment of Energy, Dep arunent of Labor, the 
Postal Service, the Environmental Protection 
Agency-we' ve worked for virtually all the 
departments in the Federal Government . The 
balance of our work is for multinational and 
national companies. Our work is quite varie
gated , "  says he in some understatement. 

It is variegated intellectual rather than 
hands-on equipment work since the company 
manufactures no hardware at all .  Scattered at 
several local CSC and customer sites in 
Nonhem Virginia, downtown Washington 
and nearby Maryland, the Staff is involved in , 
among other things, designing a family of 
computer-based energy control and monitor
ing systems. These advanced systems are a 

---- H36 e)(le:nslon 
: : : : : : : :  t'roposed Dulle� Toll Ro�d 

Wash ington , Du l les Ai rport, Tysons Corner, Reston ,  a re the 
fields of action that you ca n enter when you ' re sited at 
Arrowhead _ . . right i n  the hea rt of a com mun ity of 
i nternationa l a nd nationa l  i nvestment and  tech nologica l 
orga n izations and  the cosmopol ita n c l i mate of peop le who 
ma nage the affa i rs of the U .S. and  the world .  Grou nd has 
been broken for Arrowhead 's showplace concept on one of 
the few rema i o i ng properties ava i lab le  on the choice Du l les 
Corridor Accessway . . .  the new and  prestigious "Front Door to 
the Nation 's Capita ! : '  Open i ng i n  October. I nvestigate soon . 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
Arrowhead I ntern at i on a l  Bus i ness  E states 
Gestonvest. Ltd . .  Su i te 1050 
1819 H Street. Wa s h i n gton .  D.C.  20006 

or ca l l  
202-293- 1919 

P lease  send more i n fo rmat i on  on ava i l a b l e  p roperty a l  Arrowhea d .  

N a m e  T i t l e  ______ _ 

Company  __ _ 

Add ress __ _ 

C i ty _ _  _ State ______ Z l p  _____ _ 

Phone __ �_ Type of B u s i ness _____ _ 
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long way from simple thermostats . They in
corporate large main-frame computers with 
mini- and microcomputer systems linked 
through advanced communications equip
ment into distributed processing networks. . 
Appropriate CSC software integrates the dis
parate elements into a functioning whole. 
These systems are intended to control and 
monitor energy use in large buildings and 
plants and at more dispersed sites such as 
Army camps. "We buy the hardware from 
various manufacturers and integrate it into 
systems which we design and for which we 
also design the software. The software is a 
very, very significant part of any systems 
operation ," Dr. Nashman remarked. "It is 
what tailors a general purpose hardware suite 
into something designed to suit a specific 
application.' , 

While CSC manufactures no hardware, 
which Dr. Nashman considers an advantage 
since it allows the company to give its best 
professional opinion unencumbered by any 
outside relationship, it can and will build 
one-of-a-kind items for some special p urpose . 
"We are well versed in electronic componen
try ," laconically says the Group President. 

Dr. Nashman and his company are fIrm 
believers in the computer and communica
tions technology on which CSC has built its 
business and expects to continue to do so. 
"The world is going inevitably to solutions 
based on automation," says the scientist, 
with conviction . "The computer linked with 
suitable communications technology is a very 
energy efficient way to solve problems. "  

CSC's  problem i s  people-not enough of 
them. 

Says Dr. Nashman: " The work is demand
ing and requires high intellectual skills. Our 
performance depends on people. We empha
size the personnel aspects of our business . "  
The company continually needs an ever 
growing roster of a full range of skills to 
meet its goals. The growth rate last year-
3 , 000 people and $ l l O-million more sales
indicates the magnitude of the problem. 
"We need mathematicians, physicists, pro
grammers and computer science people par
ticularly," says Dr. Nashman. These people 
need not necessarily have advanced degrees
only 5 % to 1 0 %  of the present staff are Ph. 
D.s and 30% MS-though the company en
courages and supports staff pursuit of higher 
degrees . "Because ," says the Director, "the 
sophistication of the Staff will have to increase 
within the next decade. Systems are becom
ing more complex. Reduced cost is making 
things possible and economic that we could 
not have contemplated before. And this will 
require the upgrading of staff capabilities . "  

Also hoeing the communications row, but 
with more emphasis on hardware, is North
rop Page Communications Engineers, Inc . . 
a 30-year old wholly-owned subsidiary of 
Northrop Corp. The company, which em
ploys about 1 ,000 people worldwide, has 
some 300 to 400 people in Vienna, whence il 
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moved from the Disuict of Columbia about 
seven years ago. 

" We are a full-selVice organization , "  says 
William H. Bethel , Manager for Army Mar
keting and Business Development, " that 
does design, procurement , installation, test
ing and uaining for communications facili
ties . We furnish and install telecommunica
tions systems on a turnkey basis . In suppon, 
we even do our own in-house research and 
development here in Vienna in two buildings 
of 2 3 5 ,000 square feet that house our engi
neering R&D lab, computer laboratory, and 
engineering test and calibration laboratory as 
well as adminisuative offices and engineering 
staff. " A subsidiary, Page Technical SelVices, 
Inc. (PTSI) , provides maintenance and ser
vices as well as uaining for customer personnel . 

The company was once heavily defense 
oriented but in recent years has become less 
dependent on the Deparunent of Defense as 
more and more of its customers have been 
foreign govemments, as evidenced by the 
company's  two subsidiaries in Rome, Italy, 
and Madrid , Spain.  These work in the same 
areas as the domestic company. The type of 
work requires a varied and versatile staff that 
includes not only elecuical and elecuonic 
engineers with subspecialties like UHF and VHF engineering, telephone and switching 
engineers but also civil engineers. "Our own 
government market is becoming irnponant 
once again,  though , "  says Mr. Bethel , " and 
our long-range planning is in that direction. " 

Nearly all the high-technology companies 
in the area are private companies, some pub
licly held , some not public , in business to 
make money for their stockholders and 
owners. One that is not is the MITRE Corp. , a 
not-for-profit membership corporation that in 
both philosophy and mode of operation sits 
somewhere between the private sector and 
the government. 

Quotes the 1 978 Annual Repon : 'In the 
beginning, MIT begat Whirlwind. Whirl-
wind begat SAGE. SAGE begat Lincoln 
Laboratory; Lincoln Laboratory begat 
MITRE . "  Whirlwind was a computer for con
tinental air defense and MITRE' s  initial mis
sion when established at Bedford ,  Mass. , in 
1 9 5 8  was systems engineering and integration 
on SAGE , the continental air defense system . 
Set up by a universiry, MITRE was incor
porated as a not- for-profit organization work
ing in the public interest. In 1 963 , at the re
quest of a couple of its "sponsors, "  the De
fense Communication Agency and the Feder
al Aviation Agency (FAA) , M ITRE  moved sixty 
people to Nonhero Virginia because " that ' s  
where the clients are. We set up next door, " 
recalls Vice President Charles C. Grandy. 

In time,  these 60 people grew to become 
the Washington Center employing 1 ,600 
people in five buildings in Fairfax Counry. 
"We are the second largest private employer 
in the Counry, " says Grandy. The programs 
and sponsors have also diversified. While 
90 % to 95 % of the conuacts are still with 
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: N11S National Technical Information Service : 
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the Federal Government . only 6 5 %  is now 
on national defense . Increasingly, sponsors are 
in the civil sector in such areas as 
transponation. energy. environment. justice . 
civil information systems. health care delivery. 
and the like . 

MI TRE differs from other organizations in 
the area in ambience as well as mission. It 
has an academic air. as perhaps befits an 
organization begat at one remove by an aca
demic institution . "Our real role is to be a 
technical resource basically ro help govern
ment clients get their jobs done well , "  says 
Mr. Grandy. "We are a bridge between ' 
manufacturers and the government agencies 
that buy their goods. We make nothing and 
do not take conuam from private companies. 
We can thus recommend and advise with 
complete irnpanialiry. · '  MI TRE does some 
work for state and local gove rnments and also 
for foreign governments but only under 
special circumstances. 

Grandy cites as a rypical problem that 
MI TRE will study the application of technol
ogy to health care problems. It is a people
intensive business with rapid cost increases. 
" We felt that technology should be able to 
help improve productiviry and began to in
vestigate. Out of that have come some 
irnponant gove rnment programs that show 
we can make tradeoffs that can help. Tele-

F - 1 4  

Dominilting this photo is the Dulles ExpresswilY I Com'dor which is now cillle'd the "Front Door to 
the Niltion 's Cilpilill. , . Dulles is in the foreground with the town of Hemdon on the left folloll'ed 
by Reston. Tysons Comer illld Wilshington in the bilckground. 
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communications, for example, as a substirute 
for uansponation. We did an experiment in 
New Mexico that showed the majority of 
medical cases in a remote area could be 
ueated by paramedics who have various tele
cOPlmunication capabilities with a distant 
hospital . 

"We are looking for non-uivial problems 
in the public sector, " says Grandy. 

Flow General Inc . ,  across the street from 
MITRE, has found a non-uivial problem in 
the public sector-cancer and virus infection 
conuol.  A small group in the Flow Labora
tories Division has a conuact from the Na
tional Cancer Institute to develop a method 
to produce substantial amounts of interferon 
for clinical testing. Interferon is a narural 
substance that makes the body resistant to 
funher virus attack. Produced by human cells 
in response to virus invasion ,  the substance is 
one of the most powerful biologic materials. 
"A dose is a few micrograms, "  says Dr. 
Victor Edy, director of the program . The 
material may be useful against a range of ill
nesses as diverse as the common cold and 
cancer. But the substance is so rare and so 
costly to produce, it isn' t  known for sure and 
can't  be until there is enough for extensive 
clinical uials. 

" We starred working on it on our own a 
couple of years ago , "  says Vice President Dr. 
Harrison Hoppes. "Then when the National 
Cancer Instirute sought bids for 50-billion 
units , we were able to respond and won the 
conuact. "  The company is one of many pur
suing this intellecrually exciting goal which is 
also potentially life-giving and possibly vety 
profitable. Flow General is taking the fer
mentation approach wherein human cells are 
induced to make interferon in large ferment
ers on the company's own Superbeads. 
"These are microscopic glass beads that give 
us tremendous surface area, "  says Dr. Edy. 

An Information 
Resource 

Should the scienlist and engineers in  the 
many high technology organizations in  the 
area run short of infonnation, they need go 
no further than Springfield. in  Fairfax 
County. There they wil l  find the National 
Technical Infonnation Service ( NTIS) of the 
U . S .  Departmenl of Commerce. a bure-du 
on the same level as the probably better 
known and equally useful N:ttional Bu reau 
of Standards. 

NTIS colleCts. C'Jtalogs. indexes . .. bstraCts 
and makes available :1 1 1  sons of tech nical in·  
form .. t ion that is produced by or for the 
U .S .  Government. M uch of the data. of 
course. come from within Government 

:lgencies developed in  the course of their 
own work. But much more come from pri
vate companies engaged in  rese-Jrch and 
development on Government contracts. Says 

"E5' ERfl�E"IErof 

Absorption chromatography on glass beads 
then purifies the product. PurifY is a relative 
word here. The ' purified' product is only 
I .00 % interferon. 

The $60-million company, which employs 
1 ,600 people worldwide and over 700 in the 
region ,  is not in the pharmaceutical business 
now but could be. Meanwhile, it does R&D 
and manufacruring on a range of biologicals. 
reagents and equipment for biomedical re
search, equipment and instruments for mate
rials testing, and equipment for the com
munications indusuy. The company probably 
needs more people in the life sciences than 
most others in the area. 

The Educational 
M il ieu 
A s  one would expect i n  so technically ori
ented a community, education is a major 
concem-the availability, quantity and quali. 
ty of it both at the primary level and the 
continuing advanced level. The concern the 
local companies have for the topic is evident 
to any visitor. The first thing he is likely to 
see in many companies is a rack of brochures 
and leaflets by the enuance which detail the 
many courses and curricula available to em
ployees at local campuses and by extension .  

The many colleges and universities in the 
area, some of them of great renown , offer a 
virrually unlimited range of educational 
opponunities in any field from foreign affairs 
through law to physics, chemistty and engi
neering. Most of these institutions offer night 
and summer courses and have extension 
schools as well as full time day classes. All 
have close ties to the many government and 
quasi-govemment technical agencies in the 
areas such as the Geological Survey, Bureau 
of Standards, Smithsonian Instirution ,  Na
tional Science Foundation and the like. The 

Director Melvin Day. " We have 1 .2 mil l ion 
documents averaging 25 pages each in  our 
holdings and we add 70,000 new titles each 
year. " That 's a formidable amount of 
prinled material for any researcher. even a 
dedicated documentalist. to plow through 
for something useful to his particular pro
ject. NTIS tries to make it easier. 

" We have just corne out with a new 
bul leti n . "  :.ays Mr. Day. "which we cal l  ' In
formation for Innovators. ' We go through 
:1 1 1  our material and select items that we 
think will  be useful to industry in 
p:lrticular. Then we abstract these i n  a style 
suitable more to managers than to scientists 
so that businessmen C'dn assess the business 
value of the item as well as its technical 
conten t . "  The first regular issue of this 
publication is :n'ailable now. 

For the more exacting rese-.rche� the Ser
vice mainlains at Springfield dat .. banks for 
m:tny governmenl agencies. for which it is 
the clearing house. NTIS can also make 
Government computer softw .. re :tv:ti l:tble to 
industrial users. 

Move Up 
With a 
500% 
G rowth 
Company 

DYNALECTRON 
A 500% g rowth in  the last 1 0  
years as a d iversified 
technolog ical services 
company spells continu ing 
g rowth . 

O u r  $354 mi l l ion  revenues 
were the best ever . . .  and our 
recent b reakth roughs i n  the 
synthetic fuels technologies is 
only one of many exciting 
projects in  which we are 
leaders. 

Nationwide professional 
opportunities are avai lable for 
managers, engineers and 
scientists in  d iscip l ines as: 

• Environmental and 
electrical 

• Energy conservation 

• Automation 

• I nstrumentation systems 

• Faci l ities management 

• Management support 

• Scientific ,  test , & 
evaluation 

• Data processing 

A l ife t ime career awaits you 
. . .  at Dynalectron .  Send you r  
resume,  i n  confidence, to : 

ReSQUrceS

.

Mana

.

gemenl' 
Dept. #3 

C' 1 3 1 3 Dolley Mad�on Blvd. 
Mclean, Virginia 22101 
703/356·0480 
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opponunities and the actuality of cross-fenili
zation between disciplines and sectors is im
mense and regularly carried on through the 
activities of the many technical and profes
sional societies in the region .  The local chap
ter of the Institute of Electrical and Electronic 
Engineers (IEEE) , for example, has 3 ,000 ac
tive members and includes top management 
people, many of whom are Fellows. 

Recognizing that it is easier for working 
people to keep up at work rather than miles 
away at the end of a day, many companies 
have entered extension agreements with the 
universities. Insuuctors will come from the 
schools to the firms and conduct fonnal 
classes there that carry credit and lead to 
degrees. A typical program is that of Melpar 
Division of E Systems which through the 
George Washington University Extension Ser
vice allows employees to obtain a masters 
degree on the premises. Other companies, 
like Atlantic Research , routinely compensate 
employees for courses successfully completed , 
whether or not they are related .to the job. 
TRW has a fellowship program for full or 
parr time study and currently awards about 
1 00 fellowships a year. M ITRE  Corporation 
sends two employees to Camegie-Mellon Uni
versity each year to obtain doctoral degrees in 
a variation of the undergraduate cooperative 
program . The candidates work full time for 

F- 16 

some months, then attend the UnIversIty full 
time for some months. A similar program 
allows many more employees to obtain mas
ters degrees in three years of work and 
school.  

One final indication of the level of the 
area' s  educational facilities : 80 % of Fairfax 
County high school graduates go on to some 
fonn of post-secondary education and 60 % 
to a four-year college or University. 

Housing and 
life-style 
F airfax County today covers 4 1 0  square miles , 
all of it within minutes of downtown Wash
ington, D .C .  From its still tural western 
edge, one can in equal time and ease visit 
the museums, galleries, theaters and halls 
of gove rnment in Washington or seek the 
quieter pursuits of the Appalachian Trail and 
the Valley of the Shenandoah in the Blue 
Ridge Mountains. At Great Falls on the 
Potomac, white water canoists can tun the 
rapids while further down where the Potomac 
becomes wide , placid and tidal affording a 
tranquil vista from Washington' s  beautifully 
preserved Mount Vernon, sailors of a more 
conventional stripe engage in weekend regat
tas, family outings and visits to the nation's 
most delightful waterland, Chesapeake Bay. 

For travel further afteld , the Northern 
Virginia resident has a wide choice. From 
convenient National Airpon there are fre
quent flights to most domestic cities , large or 
small , and a direct connection by Washing
ton 's  fabulous new Metro to downtown 
Washington and beyond and even into Fair
fax County. From Dulles International Air
pon at the western edge , the local resident 
can reach any counay in the world. First class 
superhighways uaverse the area so that vir
tually no parr of the region is more than an 
hour by road from any other parr . Indeed, in 
few parts of the counay can people live and 
play in such close proximity to their work 
and with so wide a range of life-style options 
available . 

The County itself is something of an 
anomaly. Heavily populated, it is more like a 
sprawling city than the tural image the word 
" county" connotes. And its government and 
services-police, fire protection, schools, 
cultural activities-are decidedly urban-level 
rather than counay like . 

An elected Board of Supervisors governs 
the County. Eight of these are elected in 
regular and spirited campaigns from eight 
magisterial districts and a ninth , Chairman of 
the Board of Supervisors, from the County at 
large. The Board appoints all other bodies 
such as the School Board (which operates 167  
schools) and the Economic Development 
Authority. Old-line established families have 
long since ceased to be the dominant in
fluence in the County. It is now JUSt tOO 
diverse. Any resident can become as political
ly involved as he or she wishes and line up 
behind one or another slate of Supervisors, 
who reflect local issues, i . e . , growth or no
growth . Voters regularly tum out incumbents. 

Within the County are a number of incor
porated cities and towns that the County 
Gove rnment does not administer. These 
include Fairfax City, Vienna, Falls Church, 
Herndon and Clifton. These jurisdictions 
have their own services and taxes and, often , 
their own life styles. 

The restored "Olde Towne" of Alexandria 
offers urban living on a human scale in town 
houses of distinctive, traditional regional 
architecture. The planned community of 
Reston provides self-contained suburban 
living in a uniquely communal concept . 
Between these, there are riverfront estates, 
condominium townhouses, aparrments and 
single family homes for evety taste and 
budget in both new developments and older 
communities such as Herndon , Vienna, 
Mclean , Falls Church, the City of Fairfax 
and, more tural , beyond the county line 
toward Leesburg and Manassas. 

In common with much of the rest of the 
counay, the area has experienced housing 
price inflation and, parricularly closer to 
Washington , prices are relatively high com
pared to many other areas. Indeed, some 
worry. " We're getting tOO expensive, "  worries 
Earle Williams, who would like to see a lot 
more moderate-priced housing being built .  
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Reston. industry and living at its jinest. One of 
the world 's most famous developments. 

"If your service people-police. fIremen. 
teachers-can' t  afford to live in the County. 
then you' re in trouble. "  However. values are 
also correspondingly high-the buyer gets 
more for the money. especially when you add 
in taxes. utilities and environmental quality. the 
total " living package. "  

Rental apartments are in shon supply 
throughout the region but rental houses. sur
prisingly. are not only abundant but available 
at lower rates than one would expect. 

Culturally. the Region has much to offer. 
Aside from the anractions of downtown 
Washington-the Kennedy Center for the 
Performing Ans. theaters, museums-there is 
in Fairfax the world famous Wolf Trap cultur
al showplace and a symphony orchestra said 
by some to be bener than the National Sym
phony Orchestra across the river. 

Tomorrow 
By 1 995 .  planners expect the population 
of the Fairfax County area to be about a 
million . In the interim , the Gi:Jve rnment and 
its programs for defense and public welfare 
will continue to grow and to become increas
ingly dependent on high technology. The 
private sector. too . benefIting from the in
evitable spinoff, will also become more tech
nically oriented at evety level from kitchen 
stove to personal communications. The com
panies and the people in good position to 
translate this huge outpouring of technology 
will be those physically located near its 
sources. And that source. for some time to 
come, will be at least as much if not far 
more the Federal Gi:Jve rnment as any private 
corporate program . 

Nonhem Virginia. with the infrastructure 
already in place. with space for people and 
facilities still available and with the synergy 
already happening that comes when large 
numbers of interactive and like-minded peo
ple and projects come together. would seem 
to be already another major center of techni
cal innovation. By 1 995 , it may be the major 
center. 

F- 1 7  
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If any COftl�ny can, 
Flow General will. 
To seek the solut ion,  some f ind the 
problem as insurmou ntable as the 
square peg in the rou nd hole. A 
few see it as an opportun ity 
with i n  thei r g rasp to shape 
the future, to forge boldly 
ahead . . .  to see excit ing 
sol utions where others 
see o n ly i nsurmount
able problems. And, at 
the same t ime, to com pete 
extraord i nari ly wel l i n  
today's com mercial 
marketplace. 

Th is is the u n iq ue character of 
Flow General I nc.  

This is the actual ity . . .  and the sol id  
prom ise . . .  of  a you ng,  dynam ic 
Com pany act ive i n  some 130 coun
tries arou nd the g lobe . 

. .  . As the world leader in cel l and tissue 
culture production . 

. . .  As a pioneering i n novator in advanced
technology biomed ical eq u i pment. 

. . .  And as the sou rce of h igh-level 
research,  com puter, and i mpact
assessment ski l ls for industry and 
government. 

Even now, Flow General is reachi ng to the 
horizon of scientific and technolog ical p ractice. 
In its ful l-scale production of f ibroblast i nterfero n .  
I n  the rapid development o f  t h e  M ultiskan® series 
of photometric and microtitrat ion apparatus. I n  
i nstru mented materials test ing and com m u nication 
controls.  And,  too, i n  areas as far-sighted as artif icial 
i ntel l igence, skin and organ reconstruct ion techn i q ue, 
and m icroprocessor appl icat ion.  

But th is is o n ly the beg i n n i n g .  For F low General's g reatest 
asset is the depth, the i ngenu ity, the tenacity of its people.  

And as tomorrow's chal lenges present themselves, Flow General 
w i l l  be work i ng to turn other age-old d reams i nto commercial  
real it ies. 

For more i nformation concerning Flow General I nc .  p lease request an 
Annual Report. 7655 Old Spri nghouse Road / McLean , V irg i n i a  22102 
(703) 893-5915 / Tol l  Free (800) 336-0424 , 
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Books for Readers of 
SCIENTIFIC AMERICAN 

The Science 
of 

Human Behavior 
The Social Animal 
Third Edition 
Elliot Aronson, University of California, Santa Cruz 

Why is a compliment from a stranger probably 
more pleasing than one from your spouse ? 

Why can 't candidates be sold like toothpaste, despite 
the claims of political cynics ? 

Why are you more apt to change your mind for fifty 
cents than for twenty dollars ? 

How did John Kennedy 's bungling of the Bay of Pigs 
invasion increase his popularity ? 

Why are people living the closest to Three Mile 
Island also the most inclined to trust the Nuclear 
Regulatory Commission ? 

How do experimenters convince subjects that boring 
tasks are actually interesting ? 

Why is someone more apt to like you if he does you 
a favor than if you do one for him ? 

Why might a stern glance be more effective than a 
spanking in permanently quashing a five-year-old 's 
desire to beat up his younger brother ? 

The Social Animal 

at Three Mile Island . 

Drawing on a range of real-world examples, 
The Social Animal offers surprising and reveal
ing answers to these and other questions about 
our beliefs, actions, and feelings . An acclaimed 
introduction to social psychology, The Social 
Animal draws you into the excitement of the 
subject through Aronson's colloquial style 
and array of concrete illustrations.  Both the 
examples and the references in this new edition 
have been thoroughly updated, including, for 
instance, an expa.nded treatment of the mass 
media as well as material drawn from the 
tragedy at  Jonestown and the nuclear accident 

The Social A n imal is practical, amusing, and thought-provoking . 

1980, 377 pages, 11 i l luslrations 

Self-Perception 
The Psychology 
of Personal Awareness 
Chris L. Kleinke, Wellesley College 
Chris Kleinke takes an experimental approach 
to self-perception, summarizing research and 
theory on how we perceive bodily states and 
behavior. Kleinke looks at pain and hunger, 
guilt and love, fear and prejudice, self-relaxa
tion and fear of success . The reader gains not 
only interesting insights but practical strate
gies for change . 

s( lf�Pen.:(·pt lon 
I f .. 1"\(I,,>10�, ,� I'f-, ..... , J  \."u�''''''' 

( h" � I �Kk,,,kr 
"You can come away knowing more about yourself than you might 
have known from a yardful of other books . . . .  All in all ,  Kleinke has 
given us a psychological self-help book that works ." 
- West Coast Review of Books 
1978, 265 pages 

Multiple Regression 
and the Analysis 
of Variance and Covariance 
Allen L. Edwards, University of Washington 
This book shows the correspondence between 
the analysis of variance and multiple regres
sion analysis of experimental data . Stressing 
clarity and accessibility, the author has kept 
the examples and notations simple, so that 
readers can readily understand the methods of 
analysis rather than become involved in 
complex and time-consuming computations. 
Most of the calculations for the examples 
in the book can be made quickly and easily with just a hand calculator. 
Exercises at the end of each chapter provide additional insights into 
the material covered and test the reader's comprehension . 

1979, 232 pages, 17 illustrations 

Humor 
Its Origin and Development 
Paul E. McGhee, Texas Tech University 
This book brings together current research on 
humor and offers new ideas on its evolution
ary origins . Paul McGhee shows how children 
learn to create and appreciate humor and 
discusses humor as a useful clinical tool and a 
therapeutic way to cope with our problems.  
Tracing its  development in the human species 
as well as in the individual, the book treats 
humor as a unique form of play with symbols, 
ideas, and images, perhaps not beyond the 
capacity of other animals .  Humor: Its Origin and Development 
requires no specialized background or knowledge; anyone interested 
in humor will find it  informative and intriguing . 

1979, 251 pages, 22 illustrations 
·----------------------------------------------------------------------------------- i 
Please send me the following books . I enclose payment or credit 
card information with order . Publisher pays postage and 
handling. 
Copies 
___ The Social An imal, Third Edition 

o hardbound: 1129 $16 . 00 0 paper: 1130 $7.95 
___ Self-Perception,  paper: 0062 $7. 75 
___ M ultiple Regression and the 

Analysis of Variance and Covariance 
o hardbound: 1080 $13 .50 0 paper: lOBI $8 .50 

___ Humor:  Its Origin and Development,  paper: 1096 $8 . 00 
Guarantee : Examine these books for fourteen days . If for any reason 
you are not satisfied, you may return them for a full and prompt refund . 

W. H. Freeman and Company is the book-publishing affiliate 
of SCIENTIFIC AMERICAN 

I 
Name _______________________ : 
Address ______________________ __ 

I I I I I 
City I State ______________ Zip _______ : 
o I enclose payment with order 

(California residents add appr9priate sales tax)  

Charge my 0 Visa / BankAmericard 0 Master Charge 

Account Number ___________________ _ 
Expiration Date _______ __ 
Signature _____________________ _ 

All credit card orders must be signed S A ·80 

I_ w. H.  Freeman and Company 
• 660 Market Street, San Francisco, California 94104 

I I I I I I 
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The Economic Development 
of China 

In this fast-growing poor country a fOurth of mankind appears 
to be secure against famine and epidemic disease. The decline 
in the birth rate promises a stable population by the year 2000 . 

O
nly three decades ago, on Octo
ber I, 1949, the People's Repub
lic of China proclaimed its exis

tence. In the brief time since then, this 
impoverished, backward, heavily popu
lated nation of ours has carried out a 
socialist revolution, has undertaken so
cialist construction and, in spite of twists 
and turns ih the road on the way, has 
won historic objectives. Today 977 mil
lion Chinese people, nearly a fourth of 
the world population, are secure against 
famine, flood and epidemic disease. 

This is a great event in history. Social
ism has demonstrated its vitality as a 
system for the promotion of economic 
development. 

Hundreds of millions of Chinese alive 
today remember the feudal order that 
is recalled only in the history books of 
Western nations. In the typical Chinese 
village the landlords and the rich peas
ants, less than 10 percent of the popula
tion, owned 70 to 80 percent of the land. 
In rent and crop shares, in taxes and 
graft on taxes and in usury they appro
priated as much as they pleased of the 
product of the land and work of the mid
dle and poor peasants and the landless 
laborers. Even the children of a poor 
family could be seized in payment of a 
debt, although a teenage girl in a poor 
crop year would not fetch 50 kilograms 
of grain. In a bad winter a village would 
find its poorest peasants dead of starva
tion in their hovels. The peasant masses 
of China had neither the means nor the 
incentive to improve their productivity. 

Foreign capitalism played an impor
tant part in the disintegration of Chi
na's feudal economy. In their invasion 
of China, however, imperialist interests 
sought not to develop Chinese capital
ism but to transform China into their 
own colony or semicolony. Imported 
rice and flour fed the people, imported 
oil lighted the cities and imported cotton 
supplied the looms. The collusion of the 
agents of imperialism with Chinese feu
dal forces and the comprador bourgeoi-
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by T 1'!t (Ding Chen) 

sie arrested the development of Chinese 
capitalism. In preliberation years the 
steel output of China never reached a 
million tons. 

Chiang Kai-shek rose to power in 
1927. Over the next 22 years, his Kuo
mintang regime brought China into des
perate straits. From the outbreak of 
the Sino-Japanese war in 1937 inflation 
raged out of control. By the time the 
Japanese had gone the old economic or
der was in ruins. 

On their liberation in 1949 under the 
leadership of the Chinese Commu

nist Party the people turned to the work 
of healing the wounds of war and the 
building of the socialist economy based 
on public ownership. The feudal land
tenure system was abolished, and 50 
million hectares of land were distribut
ed to the poorest peasants. Major bu
reaucratic capitalist enterprises were 
confiscated. For the middle- and small
size businesses owned by the national 
bourgeoisie a policy of restricting, uti
lizing and transforming private capital
ism was adopted. Inflation was curbed 
and prices were stabilized. As early as 
1952, with the resulting release of pro
ductive forces, the output of nearly all 
the major agricultural and industrial 
products surpassed the highest levels 
ever achieved in preliberation times. 

The year 1953 ushered in the First 

Five-Year Plan. Since then economic 
development has gone forward hand in 
hand with the socialist transformation 
of agriculture, handicrafts, industry and 
commerce. The Chinese peasants, in 
possession for the first time of their 
own plots of land, could see that neither 
socialism nor increase in productivity 
could be based on a small-peasant econ
omy. They took the first steps toward 
socialism with the organization of mu
tual-aid teams. Under the tutelage of 
Chinese Communist Party cadres they 
have gone on to learn that full collectivi
zation places larger resources----electric 
power, machines, fertilizer, pesticides, 
impr9ved strains of plants and animals, 
reclaimed land and irrigation works-in 
their hands to improve output per hec
tare and per man-hour. 

In the industrial and commercial sec
tors an entire set of measures was de
vised for transforming capitalist enter
prises into socialist ones. In 1956 the 
middle- and small-size businesses were 
reconstituted as joint state-private enter
prises, and their owners were paid an 
annual interest of 5 percent on the value 
of their assets. By then there was little 
difference between these enterprises and 
those that were owned by the whole peo
ple. Capitalists who had managed the 
business became administrative per
sonnel, their skills still engaged at times 
in its management. In 1967 the state 

SILT-LADEN WATERS of the Chang Jiang (Yangtze River) empty into the East China Sea 
in the digitally enhanced Landsat image on the opposite page, acquired on August 4, 1979. 
The flat alluvial lowland that fills the scene has been formed over thousands of years by the 
deposition of sediments from the river. Canals, some utilized for the transportation of harvest
ed crops but most dug to promote drainage, crisscross the lowland. The area is intensively cul
tivated. The principal rural crops are rice and mulberry (for silkworm fodder); close to the 
more built-up areas truck farming and animal husbandry (pigs and fowl) predominate. The 
meandering stream entering the Chang from the south (bottom center) is the Huangpu Jiang 
(Whangpoo River). The urban complex on its left bank is Shanghai, China's largest city and 
most important seaport. Most of the territory surrounding the city, including the islands in the 
mouth of the Chang (but not the land north of its left bank), comprises one of tbe three zhixia 
shi, or federal districts, of the People's Republic. (Zhixia shi is translated literally as "city di
rectly under the central authority.") This district is of course Shanghai Shi. The other two dis
tricts are Beijillg Shi (Peking and its surround) and Tianjin Shi (Tientsin and its surround). 
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stopped paying interest to former own
ers. The joint public-private enterprises 
then came completely within the sys
tem of ownership by the whole people. 

After 30 years the Chinese economy 
has an entirely new presence in the 
world. The country's great rivers, sub
ject to disastrous flooding, have been 
tamed. Some 45 million hectares are 
now under irrigation. Two-thirds of the 
waterlogged fields have been drained 
and a fifth of the cultivated slopes ter
raced. The gross value of agricultural 
production in 1978 was 3.4 times that of 
1949, reflecting im average annual in
crease of more than 4 percent. Food
grain output had increased at an average 
annual rate of 3.5 percent, to nearly 200 
million tons. 

Industry has made corresponding 
strides. Steel production exceeds 30 
million tons. Electric power, petrole
um, coal, chemicals, machine building, 
textiles and light industry have all vast
ly expanded. Many new industrial cit
ies have been built. Today there are 
350,000 industrial enterprises in the 
country. The fixed capital under owner
ship by the whole people amounts to 
more than $200 billion, which is 25 
times the total capital accumulated in 
the century before liberation. Industrial 
development has had its bad years, but 
even so the annual growth rate has aver
aged more than 10 percent. 

Comprehensive transportation and 
communication networks now knit to
gether the diverse regions of the coun
try. Since liberation 30,000 kilometers 
of railroad have been built, reaching 
into the formerly isolated southwest and 
northwest provinces. Nearly 800,000 
kilometers of new highway have made 
more than 90 percent of the nation's 
communes accessible by road vehicles. 

In a nation where 80 percent of all the 
people and 95 percent of the rural peo
ple were illiterate more than 200 million 
children are now in school, more than 
60 million of them in secondary schools. 
Higher education, just recovering from 
the excesses of the misconceived "egali
tarianism" of the Gang of Four period, 
enrolls fewer than a million students. 
Nevertheless, the nation's progress in 

MAP OF CHINA locates the 21 mainland 
provinces (the island of Taiwan, which ranks 
as a province of China, is excluded from this 
count), the five autonomous regions, the 13 
cities with a popUlation in excess of a million, 
the 16 other major urhan-suburban popula
tion centers and the principal rivers. The total 
land area of China, roughly 1.04 billion hec
tares, is greater than that of the 48 contiguous 
states of the U.S.; only 106 million hectares 
are considered arable. Most of this land lies 
within the zone outlined in green. The dotted 
part of the rail net (red) is being electrified 
and the dashed part is being double-tracked. 
The blue rectangle indicates the area seen 
in the Landsat image on the preceding page. 
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There are some marvelous benefits ahead for 
mankind. But along with every benefit will come a 
whole new set of problems. 

Champion is a forward·looking forest products 
company. We plant seeds for a living. Seeds that 
take from 25 to 50 years to become mature trees. 
Therefore, we think a lot about The Future of the for· 
est. And, of the people who will be around to buy our 
products in the years to come. 

So, during the coming year, in magazine ads like 
this, we will continue our program of discussing 
some of the potential cultural and sociological im· 
pacts of future technology and change-to help you 
make intelligent choices. 

You might say, we're planting seeds of thought 
for tomorrow. 

The Future is 
coming. 
But only y'ou 
candeciCie 
where it's going. 

Lord Kelvin, the eminent nineteenth cen
tury physicist, once predicted: "X-rays will 
prove to be a hoax"; "Aircraft flight is impossi
ble"; and "Radio has no future." 

Octave Chanute, an aviation pioneer said 
in 1904: "The !flyingJ machines will eventually 
be fast, they will be used in sport, but they are 
not to be thought of as commercial carriers." 

Henry L. Ellsworth, U.S. Commissioner of 
Patents in 1844, a man who should have known 
better, said: "The advancement of the arts lof 
inventionl from year to year ... seems to presage 
the arrival of that period when further im
provement must end." 

In a comment on this kind of "technological 
pessimism," science writer Arthur C. Clarke, 
in Profiles of the Future, said: "When a distin
guished but elderly scientist states that some
thing is possible, he is almost certainly right. 
When he states that something is impossible, 
he is very probably wrong." 

Obviously, we can't leave The Future just 
to the experts. As intelligent and well-informed 
as they are, they are not infallible. 

Collectively, we all have to take responsi
bility for the future. It doesn't just happen to 
us. We must learn all we can from the past. 
And use it to help us in the years to come. 

The human race is now making choices 

that may well determine our long-term future. 
No one knows the precise nature of these 
choices, but futurists agree that our actions 
today will reverberate throughout the years 
ahead. 

As a company whose entire being is based 
on the tree, a renewable resource that takes 
from 25 to 50 years to mature, we have always 
been particularly concerned about the pros
pects of future generations of forests and of 
future generations of people. 

So it seems only natural for us to consider 
some of the situations that futurists foresee for 
the coming generations. And to discuss some 
of the choices that will have to be made. 

In magazine pages like this, we will con
tinue to look at some of the major issues that 
can affect us all in the years to come. 

If you have any doubts about The Future 
remember this: many of the supposedly "un
solvable" problems of past generations have 
been very successfully solved. For example, we 
now have insulin for diabetics, ships that fly to 
the moon and an effective polio vaccine. 

If you agree that The Future consists of a 
variety of alternatives, that choice is unavoid
able and that refusing to choose is itself a 
choice, you have taken the first step toward a 
more active role in your own future. You can 
learn more by sending for a free brochure 
about the critical issues we face in The Future 
and a bibliography for further reading. Write: 
Champion International Corporation 
Dept. 200A,P.O. Box 10143 
Stamford, Connecticut 06921 

Champion-
a forest products company with 
its roots planted firmly 
in the future. 
We are in the forest products business. 
We plant trees, grow trees, harvest 
trees. And from trees we make wood 
building products. Plus fine paper for printing 
and business. And paper packaging for 
shipping and selling. 

Because we make our living from the 
forest, our success depends, in one 
way or another, on the future. And 
we're planning-and planting-for it. 

G ��bgmpion 
Planting seeds for the future 
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HARRIS technology 
onthe 
job 

In communications, 
Harris Corporation 
covers a broad 
spectrum. With 
complete satellite 
communication 
systems, AM/FM 

, radio and TV 
broadcast equip
ment, long and 
short-range 
mo-way radios. 

For developing 
nations, HARRIS 
satellite communi
cation systems provide 
a quick and cost effective 

HARRIS satellite communication system 
terminal in Ibadan, Nigeria 

way to establish or expand nationwide telephone, TV, 
radio and other essential communication services. 

HARRIS technology works worldwide-in communication 
equipment, information systems, government systems, 
semiconductors and printing equipment. For information, write: 
Harris Corporation, Melbourne, Florida 32919 . 

..... tRIS 
COMMUNICATION AND 
INFOR MATION PROCESSING 
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science and high technology is evident in 
its possession of nuclear weapons and 
capacity to launch and recover earth 
satellites. In medicine progress in re
search has been crowned by the synthe
sis of insulin, but the great achievement 
has been the extension of health care to 
substantially all the people. Several mil
lion paramedical personnel administer 
primary care and send patients on to the 
care of physicians in the hospitals and 
medical centers. 

The explosive growth of the Chinese 
population by more than 400 mil

lion since liberation provides the most 
convincing evidence of the improve
ment of the people's well-being. Prior to 
liberation China's population statistics 
exhibited the classical combination of a 
high death rate, a high birth rate, a low 
rate of natural increase and a short life 
expectancy that described the human 
condition throughout history down to 
the present. The sharp decline in the 
death rate soon after 1949 brought the 
natural rate of increase up to 20 per 
1,000 and for a few years to more than 
30 per 1,000. Decline in the birth rate 
has now reduced the net annual increase 
to 12 per 1,000, signifying the entry of 
the Chinese people into the second stage 
of the demographic transition. 

The progress in our socialist construc
tion has been remarkable, but we have 
paid a high price for the twists and turns 
along the way. The First Five-Year Plan 
brought real progress in the "three 
transformations"; of industry, agricul
ture and commerce. Then in 1958 came 
the call to accelerate the Second Five
Year Plan into "the great leap forward." 
The rate of accumulation of investment 
capital was pushed from 24 percent to a 
backbreaking 44 percent, with overem
phasis on heavy industry and an attempt 
to complete the collectivization of ag
riculture, tantamount to effecting the 
transition to communism almost over
night. Under the banner of "egalitar
ianism"-particularly in the distribu
tion of resources as between advanced 
and backward production brigades and 
teams of the new communes-agricul
tural production actually fell in this 
period. Only after three years of read
justment, with the rate of accumula
tion throttled back to 26 percent, could 
the Third Five-Year Plan be launched 
in 1965. The Fourth Five-Year Plan 
foundered in the excesses of the Gang of 
Four. The country is now undergoing 
another period of readjustment, the first 
battle for the "four modernizations"; of 
industry, agriculture, science and tech
nology; and national defense. The rate 
of accumulation, 36 percent in 1978, 
was much too high and is being resolute
ly reduced, step by step, to reach the 
optimum rate of 25 percent in a few 
years' time. 

In retrospect it can be seen that to a 

LIFE EXPECTANCY CHINA 641 
(YEARS) U.S. 73 1 

INFANT DEATH RATE 561 
(PER 1,000 LIVE BIRTHS) 131 

G.N.P. PER CAPITA � 460 
(DOLLARS) 

'" :< , 9.7001 

INCOME SPREAD 1 :41 
(RATIO) , 1 :8J 
STRUCTURE OF ECONOMY 631 241 131 
(PERCENT OF LABOR FORCE) '31 331 641 

AGRICULTURE INDUSTRY SERVICES 

FIVE INDICATORS of development appear as contrasting pairs of bars in this chart. In the 
first four pairs, whichever is the maximum value is taken to be 100 percent and the lesser value 
is presented as a percent of the maximum. In all five pairs the standard for comparison is the 
U.S. statistic. For example, in 1977 U.S. life expectancy at birth was 73 years (dark bar). In Chi
na in 1979 life expectancy was 64, or 88 percent of the U.S. value. Next, U.S. infant mortality 
(13.6 per 1,000 in 1978) is less than a fourth of that in China. U.S. per capita income in 1978 
was $9,700; the equivalent dollar figure for China is less than 5 percent as high. Next, the rich
est fifth of all U.S. households have some eight times the income of the poorest fifth, whereas 
in China the richest fifth have only four times the income of the poorest- Finally, the U.S. labor 
force is only 3 percent agricultural, 33 percent industrial and 64 perceut service, whereas the 
Chinese labor force is 63 percent agricultural, 24 percent industrial and 13 percent service. 
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POPULATION PYRAMIDS compare the percent of the total population of China (color) 
and the U.S. (black) in each of 16 age brackets. Males are at the left and females at the right
Actual numbers in each cohort are indicated by the scale at the top for the U.S. and the scale 
at the bottom for China. The Chinese population, as projected here for July, 1980, totals 977,-
320,000, of which 499,457,000 are male and 477,863,000 are female. The U.S. population, 
as estimated for July, 1979, totals 220,585,000, of which 107,457,000 are male and 113,128,-
000 are female. The Chinese pyramid shows the broad base typical of less developed nations; 
more than 60 percent of the population are under 30. The base might be even broader except 
that the size of the youngest cohort has been diminished by population-control techniques. 
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FUEL PRODUCTION between 1952, the year preceding the First Five-Year Plan in China, 
and 1979 has shown a phenomenal increase. The annual amount of coal mined, 66.5 million 
tons in 1952, was 635 million tons in 1979. The amount of petroleum produced in 1952, too 
little (.44 million tons) to appear on this logarithmic graph, reached 106 million tons in 1979. 
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INDUSTRIAL MATERIALS were also produced in increasing quantities. In 1952, 1.35 mil
lion tons of steel were produced; by 1979 annual production reached 34.5 million tons. Under 
three million tons of cement were made in 1952; 1979 production exceeded 70 million tons. 
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certain extent the setbacks we encoun
tered in this period could not have been 
avoided; after all, there had been no ex
perience in the building of socialism in 
such a large and backward nation. The 
various precedents we had, for example 
in the uuilding of the U.S.S.R., proved 
not to be applicable to China. We had 
to start from the actual situation in our 
country and, following the principles 
of Marxism-Leninism, to find original 
solutions for the problems of economic 
development. 

How in the first place were we to es
tablish a new socialist countryside? In 
the guerrilla Base Areas of the North, in 
the provinces of Shanxi and Shaanxi, 
whence the Red Army went on the of
fensive in 1947 to its victories over the 
Kuomintang, Mao Zedong and his col
leagues had gained deep experience in 
rural work. They heralded their military 
offensive with a decisive political stroke: 
the proclamation on October to, 1947, 
of the Draft Agrarian Law. That law 
abolished feudal ownership and can
celed all debts incurred under it. Article 
VI turned the land over to village peas
ant associations for distribution in ac
cordance with the stipulation that "sur
plus shall be taken to relieve dearth 
and, with regard to the quality of land, 
fertile shall be taken to supplement in
fertile, so that all the people of the vil
lage shall obtain land equally, and it 
shall be the individual property of each 
person." This sweeping promise rallied 
the peasantry behind the Red Army as 
it rolled forward and soon isolated the 
Kuomintang forces in a last few city 
refuges. 

The distribution of the land gave the 
villagers their first taste of self -gov

ernment and started them on the way to 
socialism. Typical was the experience 
of the 60 households of the village of 
Dazhai, later to be held up to the en
tire country as a model production bri
gade. In this ordinary little village in the 
arid, heavily eroded loess landscape of 
Shanxi the people found themselves in 
possession of some 60 hectares of culti
vated land scattered in a crazy quilt of 
4,700 fragments over eight ridges and I 

(MILLIONS OF METERS) 

---.l 10 50 seven gullies. They could see the advan
tage of organizing for mutual aid once 
the land was their own. 
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An enormous population, insufficient 
cultivated land, frequent natural ca
lamities and backward farming meth
ods had made the life of the peasant mas
ses difficult even after agrarian reform, 
They could escape poverty only by tak
ing the road to socialism, All over the 
country, as at Dazhai, the people took 50 the first step toward socialism by orga-

(MILLIONS OF UNITS) 

CONSUMER ITEMS showed a more modest increase during the same period. For example, 
some four million meters of cotton cloth were produced in 1952 compared with 12 million me
ters in 1979. The number of bicycles manufactured in 1952 (some 80,000) was too small to 
appear on this logarithmic graph. In 1979 the annual production attained a level of 10 million. 
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nizing themselves in producers' cooper
atives in which they pooled their still 
privately held land. Thereafter they pro
gressed to fully socialist cooperatives in 
which the land, animals, machines and 
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tools became the property of the village. 
The profound social change did not sap 
individual initiative or undermine so
cial productive forces. On the contrary, 
it motivated more ambitious enterprise 
in the development of agriculture. At 
this stage the village would be ready to 
join others in the organization of a 
commune. It is a three-tier institution: 
a commune consists of a number of 
brigades; each brigade is made up of 
production teams, and the team is the 
basic accounting unit. Although the 
commune merges the interests of a few 
hundred villages and their several thou
sand households to secure the advan
tages of large-scale development and 
cultivation, sharing in the product of 
a team strongly sustains the producer's 
incentive. The advantages won at each 
stage of the transformation showed the 
people the way to the next. 

Thus the villagers of Dazhai went 
on to accomplish feats-literally "mov
ing mountains"-they would not have 
dreamed of had they remained tillers of 
their own little patches of soil. They lev
eled and terraced the former hillside 
fields, buttressing them with embank
ments and dams of stone and earth; they 
filled in four of the seven gullies, adding 
to their cultivable land; they dug a sev
en-kilometer canal and built a pumping 
station to irrigate their lands, formerly 
drought-stricken nine years out of 10. 
On the uplands they afforested 27 hec
tares with pines and planted 40,000 fruit 
trees. In 1975 their land yielded a har
vest of 8.4 metric tons of grain per hec
tare, more than 10 times the prelibera
tion record. This once barely surviving, 
subsistence-farming village now deliv
ers an average annual two tons of grain 
per household to the state distribution 
system. 

In support of such self-reliant commu-
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nal enterprise the agencies of the gov
ernment at the county, provincial and 
national level undertook infrastructure 
investments scaled to the resources at 
their command. For such investment 
the Yellow River presented an urgent 
challenge to all levels of government 
and to the 100 million inhabitants of 
its 7 50,000-sq uare-kilometer watershed. 
On its 5,500-kilometer course to the sea 
this great river traverses the Loess Pla
teau of the northwestern provinces, 
stripped of vegetation generations ago 
and only now coming under afforesta
tion and restorative cultivation. To its 
lower reaches on the meander plain and 
to its delta on the Bo Sea the river carries 
annually a burden of 1,600 million tons 
of silt. Settling on the bottom as the cur
rent slackens, the silt has built up the 
bed of the river from three to five me
ters above the surrounding plain and in 
some places 10 meters above it. This "el
evated river" actually serves as a water
shed, the rivers south of it flowing to the 
Huai River and those north of it to the 
Hai River. When the Yellow River, in 
periodic heavy flood, overran its dikes in 
the past, it would inundate thousands of 
square kilometers all the way to Tianjin, 
200 kilometers to the north, and to the 
valley of the Huai, 250 kilometers to the 
south. 

The lower stretch of the Yellow Riv
er is now confined by a second 

Great Wall: by massive dikes built on 
the foundations of the old, each dike 
wide enough to carry a highway on top 
and rising six or seven meters and in 
places 10 meters above the ground. A 
system of diversion channels and res
ervoirs is in place to reduce the peak 
flow. At Sanmen Gorge, where the riv
er issues from the mountains, a large 
electric-power and irrigation dam holds 
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back the flow in a vast new reservoir. 
Similar multipurpose dams upstream in 
the river and its tributaries deliver irri
gation water to former dry-land farm
ing country and have brought the annu
al two-peak flood under secure regula
tion. The domestication of the Yellow 
River and its tributaries has greatly 
lessened the dependence of the north of 
China on the granaries of the south. 

Taking account of China's grow
ing population and limited land, it is 
apparent that the modernization and 
mechanization of agriculture must be 
sustained at all levels of initiative and 
available resources. Currently identified 
needs call for an investment of more 
than a trillion yuan, the equivalent of 
$700 billion. The state is committed to 
continuing its investment in agriculture 
in proportion to the expansion of the 
economy as a whole. The major fraction 
of the capital for agriculture will be 
accumulated by the communes them
selves, much of it by the "accumulation 
of labor." That means the same kind of 
volunteer unpaid or low-paid labor that 
filled the gullies at Dazhai and moved 
400 million cubic yards of earth by the 
basketful onto the Yellow River dikes. 

With progress in the mechanization 
of agriculture, where can the displaced 
workers go? China cannot follow the ex
ample of the capitalist nations and allow 
displaced people to move to the cities. It 
is anticipated that continued expansion 
of agriculture and the labor-intensive in
vestment in infrastructure this requires 
will keep the rural work force to a large 
extent employed. In the meantime there 
is need for the development of com
mune- and brigade-run manufacturing 
and handicraft enterprises and associat
ed economic activity, based on local ma
terials and encouraged by local initia
tive. With two or three decades of hard 

J 
1950 1980 2000 

POPULATION FORECASTS indicate the scale of the Chinese in
crease. At present (left) 30 percent of all births are third children, 
and the natural rate of population increase is approximately 12 per 
1,000. If third-child births were reduced to 15 percent of all births, 
the rate of population increase would fall below 10 per 1,000, and if 

no third children were born, the rate of increase would fall below sev
en per 1,000. If one-child families become standard, tbe goal of "zero 
population growth" will be achieved. Between 1950 and 1980 (right) 
China's total population nearly doubled. If zero population growtb 
can be reached in 20 years, tbe population will tben total 1.2 billion. 
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work the relatively poor and backward 
villages of China will be transformed 
into new socialist villages in the first 
stages of modernization. 

The vital question for national ec
onomic management, we have 

learned, is how to maintain the optim um 
proportional relations among the vari
ous sectors. This is crucially related to 
the speed of economic development. It 
is also related to the style of manage
ment. For many years, on the model of 
the U.S.S.R., China has placed a one
sided emphasis on heavy industry. With 
the consequent slighting of agriculture 
and light industry the people's stan
dard of living has actually been low
ered in some years. This strategy and its 
price were certainly necessary for the 
U.S.S.R. in the two decades preceding 
World War II. There were those, how
ever, who propagandized this emergen
cy measure as if it were the only cor
rect approach to socialist industrializa
tion. Although the excessive emphasis 
on heavy industry in the five-year plans 
of China leaves problems still to be 
cured, the 1979 policy of "readjusting, 
restructuring, consolidating and improv
ing" has already begun to moderate the 
pace of capital accumulation. For ex
ample, increase in the price of agricul
tural products (offset by wage increases 
to consumers) has encouraged that sec
tor, and similar measures have quick
ened the development of light industry. 

Another decisive proportional rela
tion that demands careful consideration 
is the one between investment for physi
cal production and investment in "hu
man capital": in science, culture and 
education and in housing and urban 
amenities. This relation has a quite ap
parent long-range bearing on the tem
po of national development. The First 
Five-Year Plan put 28 percent of the to
tal investment in infrastructure into the 
building of schools and hospitals, into 
scientific research and into housing and 
municipal services. That figure was re
duced to 15 percent in the 1966-78 peri
od. Today as a result only .5 percent of 
China's people have a college-level edu
cation and only 20 percent have been to 
high school. Inevitably that mistaken 
policy must seriously limit the pace of 
modernization. Investment in China's 
intellectual capital is now recognized as 
of utmost importance to the accelera
tion of development. 

Although 30 years of heroic invest
ment effort have given China a consid
erable industrial base and a substantial 
agricultural infrastructure, the output 
of the country's factories and farms re
mains rather low. The situation betrays 
serious defects in the management sys
tem. In the early 1950's, again on the 
model of the U.S.S.R., the state execu
tive organs attempted to manage the 
economy from the center, formulating 

TERRACED FIELDS of Dazhai, once Ii small village in the barren bills of Shanxi Province, 
are one of China's showplaces. In the 1940's the 60 hectares of arid farmland here were split 
into nearly 5,000 separate parcels occupying eight ridges and seven gullies. Villagers have now 
terraced the hillside fields, filled in four of the gullies and constructed an irrigation system. 

a unified national economic plan and 
directing the enterprises by administra
tive order. This system did play a signif
icant early role in mobilizing national 
resources for development, centered in 
156 major undertakings. 

With further development of the 
economy the weaknesses in central
ized management became clear. Man
aging the economy by the apparatus of 
government, making the enterprises its 
mere appendages, blocked horizontal 
relations between enterprise and enter
prise, between trade and trade and even 
between region and region. Administra
tive orders deprived enterprises of the 
right to make their own adjustments to 
changing conditions. The suppression of 
cues from the market led to dislocation 
of supply, production and distribution. 
Since enterprises were not responsible 
for profit and loss and did no inde
pendent accounting, good performance 
and poor performance were rewarded 
equally. The result was low labor pro
ductivity and waste of other precious re
sources. 

Attempts at reform, beginning in 1958, 
Il. have oscillated between the central
ization of power and the distribution of 
it to localities. The central link in the 
reform that began in 1979 is to increase 
the autonomy of the management of 
enterprises, enabling them to work out 
their own production plans under the 

guidance of the national plan and in re
sponse to market demands. Although 
enterprises are still held to the fulfill
ment of state-stipulated production ob
jectives, they may now market their own 
products and do their own purchasing. 
Except in the case of certain price-fixed 
commodities, a degree of flexibility is 
allowed in pricing; this encourages com
petition among enterprises, not only in 
pricing but also in the upgrading of their 
technology and management. Enterpris
es engage in independent accounting, 
are held responsible for their own profit 
and loss and are allowed to keep a per
centage of their profit. They may use the 
retained profit for innovation, restruc
turing or expansion, and for bonuses 
and cash incentives for the manageri
al staff and workers. The interest of the 
staff and workers is thus enlisted in the 
success or failure of the enterprise. 

Within the framework of policy and 
regulation, enterprises will have the 
right to hire and fire personnel. Under 
the previous "iron rice bowl" policy 
workers had been guaranteed their jobs 
regardless of performance. Enterprises 
may also compensate workers and staff 
on the socialist principle of "To each 
according to his work," linking the indi
vidual's reward to the size of the contri
bution. 

The removal of the artificial barriers 
set up by government organs allows en
terprises to go into cooperative ventures 
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with one another and even to form joint 
companies where it is fruitful. In keep
ing with their increasing autonomy, en
terprises are encouraged to democratize 
their management, enabling the staff 
and the workers to become the real mas
ters. Managerial autonomy is being en
couraged in rural communes too. The 
state does not attempt to impose pro
duction plans; it depends rather on its 
purchases and its pricing policy to en
sure fulfillment of its plans. Each com
mune is free to examine state plans and 
decide what it wants to produce, how 
much it wants to produce and how it will 
go about it, provided that it fulfills its 
undertakings to the government pur
chase plan. 

Hence the emerging new style of na
tional economic management combines 
regulation by planning and regulation 
by the market, with the former domi
nant. Initiative in the management of 
enterprises and national economic plan
ning are linked. The system is unified 
but not rigid, flexible but not chaot
ic. Inevitably some industrial enter
prises and some communes, brigades 
and teams will pull ahead and prosper. 
These leading people and units will be
come models, providing incentives for 
other units and members to move to-

gether on the road to common affluence. 
A significant aspect of the new turn 

in the country's economic-development 
strategy is the determination to utilize 
capital and advanced technology from 
abroad. In its first years the People's Re
public of China encountered blockade 
and embargo from the Western nations. 
Foreign trade for a long time remained 
at a low level. In 1978 it had grown only 
to 35.5 billion yuan, no more than 6 per
cent of the gross value of the country's 
industrial and agricultural output. The 
purchase of technology from the West
ern nations began in the early 1960's but 
on a limited scale. Not until the 1970's 
did the volume expand. Last year, at the 
second session of the Fifth National 
People's Congress, Chairman Hua Guo
feng called for new emphasis on the in
troduction of foreign technology, the 
utilization of foreign capital and the ex
pansion of exports. 

China, being such a large country and 
being committed to rapid develop

ment, will continue to depend mainly on 
its own efforts in independence and self
reliance. It will also endeavor to learn 
and selectively introduce from abroad 
urgently needed advanced technology 
and equipment. In this respect China 

will follow historical precedent, which 
shows that economic and technological 
development in all nations of the world 
has gone down the path of economic 
exchange with foreigners and the mutu
al transfer of technologies. From a grasp 
of China's real needs the country's sci
entists and engineers alike will study, 
digest and comprehend advanced for
eign technology in order to develop 
their own creative potential, the faster 
to attain and surpass advanced interna
tional levels. 

Along with its welcome to foreign 
technology the Chinese government has 
invited foreign capital to play a role 
in the country's development. It is ex
pected that by this means the country's 
foreign-trade income can be expanded 
more rapidly to pay the costs of import
ed technology. The law of joint ventures 
published last year gives legal status to 
such enterprises in our country and pro
vides protection for the legitimate inter
ests of foreign investors. 

The most serious problem confront
ing the economic development of China 
is also, as has been mentioned above, a 
measure of the country's progress in 
development. It is the population prob
lem. Rapid increase of population, as we 
have learned, can create great difficul-

PANORAMIC VIEW of a major iron and steel plant in southern 
Yunnan shows both the production area and blocks of workers' hous-

ing constructed along the steep riverbank. This is the Pan Zhihua 
plant, near Wenshan in the Miao Autonomous Area of Yunnan. The 
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ties for the expansion of production, the 
improvement of the people's livelihood, 
the assurance of employment and the 
expansion and upgrading of culture and 
education. For a long time we failed to 
realize fully the seriousness of the prob
lem. There was no clear population pol
icy other than "hands off." At one time 
the advocacy of population control was 
criticized as Malthusian, and it was even 
said that the more people we had the 
better. 

The tremendous increase of popula
tion, year in and year out, has imposed 
a heavy burden on the national econo
my and has sharpened the competitive 
claims of consumption and of capi
tal accumulation for investment. From 
1 953 to 1978 the total consumption ex
penditure for the nation'S entire popula
tion increased 2.8 times; in the same pe
riod, however, the population increased 
by two-thirds. Of the yearly increase in 
consumption expenditures, 58 percent 
went to support the newly added popu
lation and only 42 percent went to im
prove the consumption level of the orig
inal population. Since 1949, 600 million 
infants have been born. The expense of 
raising these millions has claimed more 
than a trillion yuan, approximately 30 
percent of the cumulative national in-

come of all these postliberation years. 
Such arithmetic explains the attention 

now being given to population control 
in China. Owing to efforts over the past 
\0 years the rate of population growth 

has already dropped to 12 per 1,000. 
Policy now calls for arrival at "zero 
population growth" in two stages: re
duction of the rate of growth to five 
per 1,000 by 1985 and to zero by the 
year 2000. 

The program for population control 
combines population education in 

family planning with such economic 
measures as material rewards for those 
who adhere to family-planning regula
tions and penalties for those who do not. 
Couples are urged to have only one 
child. Of the newborn infants every year 
30 percent are the third child or a later 
one. If the number of third children 
could be reduced by half, population 
growth would decrease to fewer than \ 0  
per 1,000; if the number could b e  re
duced to zero, population growth would 
come down to fewer than seven per 
1,000. If the entire nation could observe 
the one-child norm (if there were basi
cally no three-infant families), the rate 
of population growth would be zero 
by the year 2000. The total population 

would then be close to 1.2 billion. Con
sidering the success of population-con
trol measures in some provinces and in 
cities such as Beijing and Shanghai, this 
goal appears attainable. 

Out of 30 years of experience the 
most important lesson for our nation is 
that action must be based on objective 
economic laws. As Deputy Chairman 
Deng Xiaoping recently stated: "We 
have paid our tuition and have suffered 
a little, but what counts is that we are ac
cumulating know-how and beginning 
to obtain results." 

The four modernizations define the 
program for establishing China as a so
cialist power within the next two dec
ades. Our nation, with its long history, 
its continental domain and its large pop
ulation, is already a world power. In 
terms of our people's living standards, 
however, we are still only starting on the 
road to affluence and are some way be
hind the economically developed na
tions. Internally we now have a stable, 
unified political situation; internation
ally conditions have never been so fa
vorable. By the end of the century the 
economic development of China will 
quantitatively, qualitatively and power
fully prove the superiority of the social
ist way of ordering human affairs. 

river is the Pan lung, a tributary of the Red River of northern Viet. 
nam. Nationwide production of pig iron and steel in 1 979 was 36.7 

million tons and 34.5 million tons respectively, which represented a 
percentage increase over 1 978 of 5.6 for pig iron and 8.5 for steel. 

165 

© 1980 SCIENTIFIC AMERICAN, INC



The Economic Development 
of India 

Although it has the largest mass of poverty, India has made gains in 

industrialization and the modernization of agriculture. Inequity in 

distribution and uncertainty in management leave the issue in doubt 

F
or nearly three decades an inde
pendent India has been struggling 
with the development of a partial

ly planned economy. Throughout these 
years there has existed a national con
sensus on four objectives: a high growth 
rate, national self-reliance, full employ
ment and the reduction of economic 
inequities. The consensus has been af
firmed most concretely in a series of five 
national plans that spanned the years 
from fiscal 1951 through 1977 and a 
draft sixth plan that extends through 
March, 1983. 

India now has to its credit such 
achievements as self-sufficiency in grain 
supply and a substantial substitution of 
domestic production for imports in ba
sic sectors. On the whole, however, In
dia remains a case of stunted, subopti
mal growth, burdened as it is with the 
world's largest single national mass of 
poverty and unemployment. The World 
Bank estimates that in 1975 the poverty
level population in India was 277 mil
lion, or 43 percent of the total poverty
level population in a group of 36 pover
ty-stricken countries. In this article I 
shall review the performance of India's 
economy with regard to the four objec
tives of Indian economic policy. Then I 
shall consider the inevitable question: 
Where does India go from here? 

Over the five National Plan periods 
spanning the fiscal years 1951 through 
1977 the Indian economy recorded an 
average annual growth rate of 3.65 per
cent. A rate of growth of 5 percent 
or more was targeted tepeatedly, and 
growth rates higher than the long-run 
average were in fact achieved for short 
periods, including the four years of the 
Fifth Plan, from fiscal 1974 through 
1977. In other plan periods, however, 
the economy grew at the long-run rate 
or a lower one. The low rate of long
run growth has allowed only a very 
slow growth of per capita income: less 
than 1.5 percent per year. 
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The Indian growth rate has been low 
in comparison not only with the target
ed growth rates but also with the rates 
achieved in most other countries. In as 
many as 90 nations out of 121 the rate 
of growth of the gross national product 
(G.N.P.) per capita exceeded that of In
dia for the period from 1960 through 
1977. All that can be said about the 
growth rate achieved in India is that it is 
more than twice the growth rate the In
dian economy recorded in the final 47 
years of British rule, from 1900 to 1947. 

I t is in the substitution of domestic 
production for imports and the re

sulting progress toward economic self
reliance, the second objective of Indian 
policy, that Indian planning has had the 
most success. Over the 23-year period 
ending in March, 1978 (the Indian fiscal 
year runs from April 1 through March 
31), imports fell to a level of between 2 
and 21 percent of total supply in 21 in
dustrial sectors, including petroleum 
products, basic chemicals and fertiliz
er and many categories of machinery. 
They exceeded 25 percent of the total 
supply in only six industrial sectors. Ex
amples are oil and gas, organic heavy 
chemicals and some categories of ma
chinery. This development is the out
come of an explicit long-term policy to 
establish an adequate indigenous capac
ity in all the basic sectors, partic ular
Iy metals and machinery, heavy chemi
cals, energy and transport and commu-

nications. The policy has been criticized 
both in India and abroad because of its 
alleged association with the neglect of 
rural development and the production 
of consumer goods. It has also been at
tacked for having created a sheltered, 
high-cost industrial sector. 

On balance, however, the policy has 
been beneficial. For one thing it has 
made many of the goods produced by 
India cheaper in the long run than their 
imported counterparts. Steel is an im
portant case in point. European steel ex
port prices in December, 1978, implied 
Indian prices ranging from 2,850 to 
3,050 rupees per ton, but the domestic 
price of comparable product categories 
(excluding taxes) were lower by 44 to 
61 percent. The resulting relative cheap
ness of many Indian engineering prod
ucts (the term embraces machinery and 
even entire plants), along with the emer
gence of new markets in Asia and Afri
ca, has made it possible for Indian ex
ports of such products to record an 
impressive growth in recent years. In 
fiscal 1978 they amounted to 6.85 bil
lion rupees and had become the single 
largest group in the Indian export bill, 
accounting for more than 12 percent of 
total exports. In fiscal 1956 engineering 
products were less than 1 percent of the 
exports. The largest exports were farm 
products, including tea, jute manufac
tures and cotton textiles. 

The policy of import substitution also 
generates the basic industrial capacities 

HIMALAYAN FOOTHILLS AND INDO-GANGETIC PLAIN are seen in the Landsat 
false-color image of part of northern India on the opposite page. The broad river at the rigbt 
is tbe Yamuna, whose course leads it south to Delhi, then east to a confluence with the Gan
ges. As the Yamuna passes through the foothills at the top right an irrigation canal shares its 
bed. The canal gives off branches toward the southwest. They irrigate land on which the main 
crop is wheat. The line cutting diagonally upward from right to left across the middle of the 
image is a railroad. It passes through the city of Saharan pur at the right and Ambala left of cen
ter. The compact city (grayish area) three inches (30 miles) north of Ambala and just south of 
the foothills is Chandigarh, created to be capital of the state of Punjab (and later Haryana too) 
after much of Punjab, including its ancient capital Lahore, became part of Pakistan in 1947. 
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ARABIAN SEA BAY OF BENGAL 

LAKSHADWEEP , 
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that are the prerequisites of growth in 
all other sectors. The ratio between the 
growth rates in the consumer-goods and 
other sectors of an economy is deter
mined by the overall pattern of transac
tions between the sectors, which are re
flected in the input-output coefficient 
matrix for that economy [see "The 
World Economy of the Year 2000," by 
Wassily W. Leontief, page 206]. A sig
nificantly higher growth rate in the con
sumer-goods sector and a lower growth 
rate in non-consumer goods therefore 
can be projected only if it is .assumed 
that consumer goods can be produced 
without non-consumer goods or that all 
the required non-consumer goods can 
or should be imported or that there is 
an Indian input-output matrix radically 
different from the one Indian planners 
use. None of these assumptions can be 
sustained. 

The contention that there has been ex
cessive investment in capital goods and 
infrastructure is belied by the simple 
fact that shortages of coal, cement, steel, 
nonferrous metals, fertilizer, power and 
transport persist in spite of substantial 
growth in the basic industrial sectors. 
On the other hand, the lack of purchas
ing power by the poor has already gen
erated a grain surplus, and whenever 
drought reduces the income of even the 
farm households with middle and large 
holdings, many consumer-goods indus
tries suffer a recession. 

It was inevitable in any case that In
dia, as a large subcontinental economy 
with vast natural resources, manpower 
and market potential, should strive for 
independence in basic economic sectors. 
Other subcontinental economies, includ
ing those of the US. and the US.S.R, 
did the same in the crucial phase of 
their own economic growth. The critics 
of the strategy of self-reliance forget 
that a significant fraction of industrial 
growth in all developed economies has 
been due to the substitution of domestic 
production for imports, Even in export
oriented Japan 38 percent of the net 
output of industry from 1914 through 
1954 (over and above industry's pro
portion of all output in 1914) was due 
to import substitution. Only 6 percent 
was due to increased exports. 

One of the most disturbing aspects of 
economic development in India is 

that the volume of unemployment keeps 
growing, contrary to the third objective 

of Indian policy, In 1978, the most re
cent year for which the information is 
available, it stood at 16,85 million man
years for people between 15 and 59 
years old. Moreover, the modern indus
trial sector, with 25 years of planned 
growth behind it, still employs only 26.5 
million workers, or 9.7 percent of the 
work force. During the decade ending in 
1978 it provided jobs on the average for 
only .75 million new workers per year, 
or 11.5 percent of those who entered the 
work force. Even if this yearly absorp
tion is doubled to 1.5 million, which 
is clearly impossible in the near future, 
policymakers will still have to find ways 
to give employment to five million oth
er young people,who reach working age 
every year. At present India's young are 
drifting into unemployment or under
employment at low incomes. The other 
side of limited absorption in the modern 
sector is the remarkable phenomenon, 
unique in the history of development, 
that for the past seven decades in In
dia the share of agriculture in the work 
force has not declined. It was 72 percent 
in the census of 1911 and 74 percent in 
the census of 1971. Survey data suggest 
that it is not much lower now. 

As for the equitable distribution of 
income and assets, the fourth of India's 
objectives, again the picture is gloom
ier than it is almost anywhere else. The 
present poverty population of India is 
estimated to be 309 million, or nearly 
half of the total population. Poor house
holds are counted as those having a 
per capita monthly consumption of less 
than 65 rupees (about $8) in rural areas 
or 75 rupees (about $9) in urban areas. 
Montek Ahluwalia of the World Bank 
has estimated that the number of rural 
poor decreased from 53 percent of the 
rural population to 42 percent in the ear
ly 1960's, rebounded to 58 percent in the 
late 1960's and declined again to 48 per
cent by 1974. The ratio has thus shown 
no significant trend. The total number of 
rural poor continues to grow by about 
five million per year, however, because 
of the overall growth of the population, 

The distribution of rural assets actual
ly worsened somewhat between fiscal 
1961 and 1971. The share of the poorest 
10 percent of Indian households in the 
assets of India fell from a mere 2.5 
percent to 2 percent while the top 10 
percent continued to account for 51 per
cent And in spite of massive legislation 
the redistribution of land has been negli-

MAP OF INDIA shows the country's three geographic regions: a zone of Himalayan peaks 
and foothills to the north; then the Indo-Gangetic plain, formed by three rivers, the Indus, the 
Ganges and the Brahmaputra; then a plateau that tapers to the south. Politically the country is 
divided into 22 states and in addition nine territories administered in part by the government 
in Delhi. In 1971, the year of the most recent census, nine cities had a population of more than 
a million each. They are Calcutta, Bombay, Delhi, Madras, Hyderabad, Ahmadabad, Banga
lore, Kanpur and Poona. Four-fifths of the population was rural. Blue rectangle on border be
tween Punjab and Haryana in north India marks location of the Landsat image on page 167. 
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Today's Bunker Ramo 
is giving your broker 
a lot of the information 
he's giving you. 

On the floor of the New York Stock 
Exchange and in brokerage houses 
coast to coast, many thousands of 
people are looking to Bunker Ramo 
for the very latest information every 
trading day. 

What they're looking at is Bunker 
Ramo's Market Decision System 7 
-the nationwide network of 
terminals, computers and over 
100,000 miles of high-speed data 
circuits that provides the securities 
industry with accurate up-to-the
second data on stocks, bonds, 
options and commodities. 

In addition to such current data as 
open, high, low, net change, and 
volume, Market Decision System 7 
also displays statistical data and 
market trends. Among many other 
features, it can supply a standard 

stock watch on up to 72 issues per 
terminal, a limit watch on up to 12 
issues per terminal, ticker displays, 
statistical data bases, and Dow 
Jones News/Recall. For those who 
make investment decisions, it is a 
vital, intelligent system. 

Today, Bunker Ramo is a major 
producer of the data terminals and 

minicomputers that, together, 
comprise the information systems 
widely used in banking and 
insurance, as well as the securities 
industry. In addition, through our 
well-known Amphenol® connectors, 
we have a leading position 
in the aerospace and aircraft 
industries, a strong foothold in 
telecommunications, and a growing 
role in fiber optics. 

Most important, we are a company 
with a reservoir of high technology, a 
solid base of innovative products, 
and a strong management team. 

Which is why today's Bunker 
Ramo is a company that's on the 
move. For our latest financial reports, 
write Bunker Ramo Corporation, 
Dept. FR, 900 Commerce Drive, 
Oak Brook, Illinois 60521. 

BUNKER 
RAMO 
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LIFE EXPECTANCY 
INDIA 521 

(YEARS) U,S, 73J 

INFANT DEATH RATE 
1341 

(PER 1,000 LIVE BIRTHS) � 
GNP PER CAPITA 

0 180 

(DOLLARS) 9,700 1 

INCOME SPREAD 1 : 25] 
(RATIO) 

1 : 141 

STRUCTURE OF ECONOMY 731 111 16J 
(PERCENT OF LABOR FORCE) 31 331 641 

AGRICULTURE INDUSTRY SERVICES 

FIVE INDICATORS of Indian development are displayed here in a format also used in other 
articles in this issne: the indicators appear as proportions of their value in the U.S. One striking 
fact embodied by the indicators for India is that in spite of three decades of industrialization 
three-fourths of the Indian work force find employment (or underemployment) in agriculture. 
Figures shown in the "income spread" bars reflect the following data: in 1971 the richest tenth 
of Indian households had 51 percent of India's assets whereas the poorest tenth had 2 percent. 
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POPULATION PYRAMIDS for India (color) and the U.S. (black) show the differing patterns 
due to greater fertility and greater mortality in the underdeveloped nation. The data were cal
culated by the U.S. Bureau of the Census. For India they are extrapolations from the census of 
1971 and apply for the middle of 1978, a time when the total population was estimated to be 
656 million. Of each 1,000 people in India 15 died that year and 34 to 36 gave birth. In the 
U.S. 8.8 died of each 1,000 and 15.3 gave birth. U.S. population is charted for middle of 1979. 
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gible. Only 1.5 million acres have been 
redistributed to date, out of a potential, 
legally distributable surplus of at least 
5.5 million acres and possibly 20 mil
lion. In the urban corporate sector the 
concentration of capital has been pro
ceeding apace. Between 1969 and 1976 
the assets controlled by the top 20 busi
ness houses increased from 24.3 to 54 
billion rupees. The latter figure implies 
that these houses controlled 64 percent 
of the total productive capital in the pri
vate corporate sector. 

The mobilization of resources that 
has contributed to India's ind ustriali

zation is impressive by any standard. 
From the First Plan to the Fifth, India 
managed to step up its gross investment 
rate from 10.8 percent of the gross do
mestic product (G.D.P.) to 20.9 percent. 
Meanwhile the gross domestic saving 
rate was doubled from 10.4 to 21.3 per
cent. Rates on this order are typically 
achieved only by nations with a per cap
ita income of $400 to $500 in 1964 U.S. 
prices. In India the rate was attained al
though the per capita income in the mid-
1970's was less than $100 in 1964 U.S. 
prices. As a result of this achievement 
the net inflow of resources from abroad 
declined from its peak of 3 percent of 
G.D.P. in the Second Plan to barely .8 
percent in the Fourth. And in the years 
of the Fifth Plan several factors-the ac
celerated growth of exports, a domestic 
recession and the receipt of large remit
tances from Indians living abroad
combined to produce a negative re
source inflow: a rise in foreign-exchange 
reserves to the all-time peak of 73.57 
billion rupees at the end of March, 1979. 
This amount was 8 percent more than 
the cost of the imports for all of the 
preceding fiscal year. 

The rate of investment has been raised 
in India by the tapping of many sources. 
One of them is taxation. The ratio of 
government tax revenue to the G.N.P. 
has been raised from a mere 5 percent in 
fiscal 1950 to 18.7 percent in fiscal 1978. 
The latter is high for a low-income na
tion. About 38 percent of what the cen
tral government spends now goes into 
capital formation, and total capital for
mation by the government (central and 
state) has recently averaged 41 percent 
of all capital formation. This can hard
ly be regarded as excessive for a poor, 
developing country, although the pri
vate sector understandably criticizes it as 
a drain on private investment. 

Another source of public investment 
is the nationalized financial system. (Al
most all the financial institutions have in 
fact been nationalized.) The system is 
compelled by a set of laws and guide
lines to lend a high proportion of its 
funds to the government. From the First 
Plan to the Fourth as much as 60 per
cent of the total transfer of resources 
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from nongovernment sectors to the gov
ernment came from the financial insti
tutions. 

The two other sources of finance for 
government investment, namely deficit 
financing and foreign aid, have been ta
pering off. Deficit financing, which ac
counted for 20 percent of public ex
penditure in the Second Plan, accounted 
for only 13 percent in the Fifth and is 
projected to be only 4 percent in the 
Sixth (although it may turn out to be 
much higher). Foreign aid, which in 
some years had accounted for as much 
as 84 percent of public expenditure, 
accounted in the Fifth Plan for only 14 
percent. 

When India looks ahead on the basis 
of trends already established, it is 

in agriculture that the outlook is most 
promising. During the 1960's the popu
lation grew at an average annual rate of 
2.24 percent. The rate for the 1970's will 
be known only when the results of the 
census of 1981 are available. Interim 
data suggest, however, that the growth 
rate may have decelerated to 2.00 per
cent by 1974 and then to 1.97 percent by 
1976. The growth rate now being used 
even for "pessimistic" official projec
tions for the years from 1981 through 
1991 is 1.7 percent. Meanwhile the 
growth rate in grain production from 
fiscal 1949 through 1977, excluding two 
years of extreme drought in the mid-
1960's, has been 2.57 percent. The rate 
for agricultural production overall has 
been 2.60 percent. If these rates or even 
slightly lower ones are maintained, agri
cultural production per capita should 
continue to rise. 

On the other hand, grain consumption 
per capita has been falling. It fell by 9 
percent during the period from fiscal 
1961 through 1973. The reasons for the 
decline are of course different for those 
who are poor and for those who are not. 
For the nonpoor it is the normal result 
of an increase in income per capita. For 
the poor it reflects a persistent lack of 
purchasing power. The rectification of 
this lack would not, however, cause a 
shortage. Even if the per capita grain 
consumption of the bottom 25 percent 
of the population, who are known to 
be suffering from severe malnutrition, 
were raised to the level of the top 25 
percent, the current grain reserve and 
the prospective production of grain 
would easily meet the additional de
mand. 

There are many reasons to think the 
agricultural growth rate can be kept at 
2.5 to 2.6 percent per year over the next 
two decades. First, the amount of land 
in India that can be brought under irri
gation can still be doubled, from 52 mil
lion hectares to 112 million, or almost 
two-thirds of India's present cropped 
land surface. And for the 30 percent of 
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India's agricultural land that lies in a 
high-rainfall zone the problem is the in
efficient use of water, not an overall defi
ciency. In the remaining semiarid zones 
hope lies in drought-resistant crops, 
ridge cultivation, land sloping, the recy
cling of scarce water and animal hus
bandry. 

Second, the yields that have been real
ized on farmers' fields under a Nation
al Demonstration Program are many 
times the actual average yields. Even 
in Punjab, the Indian state where agri
culture is most advanced, the yield of 
wheat can be doubled. In other states it 
can be raised three to seven times. Rice 
yields in the monsoon season can be 
raised two to 13 times, rice yields in the 
dry season two to three and a half times, 
jowar (Indian millet) yields two to 11 
times, maize yields two to 10 times, 
groundnut yields three and a half to five 
and a half times and potato yields one 
and a half to five and a half times. 

Other agricultural frontiers lie in 
many directions: high-yield seed for 
noncereal crops, two- and three-crop 
systems, the recovery of damaged soil, 
the recycling of organic waste, biolog
ical fixation of nitrogen, genetic and 
chemical control of weeds and pests and 
the exploitation of cheaper and renew
able sources of energy such as biogas 
and sunlight. In most parts of the coun
try the productivity of animal husband
ry, fisheries, forestry and horticulture 
can also be raised many times. India 
now has an autonomous and well-orga
nized agricultural research and exten
sion system that can be trusted to de
liver the means to exploit the various 
possibilities. 

For India the gloomy prediction of a 
growing gap between food demand and 
food supply, a prediction that some in
ternational agencies publicize regularly, 
seems in fact to have no basis. Only in 
the event of two or three successive 
droughts that exhaust the nation's grain 
reserve would India have to draw on 
world reserves, and then only to a small 
extent. 

I n industry the outlook seems much 
bleaker in the light of four economic 

indicators. They are the rising ratio of 
investment to output, the low rate of re
turn on investment in the public sector, 
the low rates of capacity utilization in 
key sectors and the long gestation pe
riods for new capacity. All four, of 
course, are highly interrelated. 

In the Indian economy as a whole the 
ratio of added investment to increases in 
output has risen steadily from 3.6 in the 
First Plan to 6.2 in the first three years of 
the Fifth Plan. Surely some of the in
crease is due to the changing mix of out
put and techniques and some is due to 
droughts and to industrial recessions. A 
significant part, however, can be attrib-
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uted to sheer inefficiency. The increase 
explains why the ratio of investment to 
O.N.P. rose from 11 to 21 percent from 
the First Plan to the Fifth whereas the 
growth rate increased only marginally, 
from 3.6 to 4.8 percent. If the ratio of 
capital to output had remained at the 
First Plan level, the current rate of in
vestment would be generating a growth 
rate close to 6 percent. 

The low rate of return on investment 
in the public sector is demonstrated by 
the analysis of balance-sheet data by 
the Reserve Bank of India, which shows 
that in recent years (fiscal 1970 through 
1975) the private corporate sector has 
been averaging a profit rate of about 
11 percerit of net assets. In contrast, 
central-government companies have 
averaged 4.4 percent and state-govern
ment companies have averaged 2.2 per
cent. There are some valid reasons why 
the return on public-sector investment 
should be somewhat lower than the 
return on private investment. Adminis
tered prices for certain commodities and 
services have often been held below 
costs as a matter of policy, to keep in
puts cheap for other industries. This has 
been the case for irrigation water, elec
tricity, coal, steel, fertilizer and even pe
troleum products. Again, however, the 
main reason for low returns on public 
investment seems to be inefficiency. In
stead of generating large surpluses the 
public sector has become a drag on re
sources. People have to be taxed at high
er rates year after year to finance the 
mounting losses and new public invest
ment in public enterprises. 

The rate of capacity utilization in 
India has recorded a zigzag course. 
From 1970 through 1978 it averaged 
78 percent in all industries. In three key 
sectors, however (basic metals incl ud
ing steel, nonelectrical machinery and 
transport equipment, which are domi
nated by public enterprises), it was 65 to 
68 percent. And in electricity genera
tion, which is almost entirely in the pub
lic sector, it was only 44 percent. Figurrs 
for the single fiscal year 1977 show the 
same pattern. In 17 sectors where pub
lic and private ownership coexist capac
ity utilization was 80 percent in private 
units and 65 percent in public units. And 
in 18 sectors where the government op
erates the e.ntire capacity the utilization 
was only 64 percent. 

Finally, the long lag in the construc
tion of new industrial capacity in im
portant sectors causes the escalation of 
capital costs. In the steel sector, for ex
ample, two major projects originally 
scheduled for completion in December, 
1976, are now expected to be complet
ed four to six years late. The cost is ex
pected to rise from 7.46 billion rupees 
to 23 billion. In the railway sector the 
completion of two important gauge
conversion projects has been delayed by 
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In every Important way, there Is _ ....... , 
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The great Leicas of the past are still eagerly sought 
after. Not only for their unique appreciative value, 
but for their ability to create great photographs. 
This quality in craftsmanship bridges the generations 
even today At the same time, Leica lenses have 
formed an equal and complimentary legend of 
unsurpassed quality: The Leica® R3 MOT, the Leica 
of today; with its automation, its whisper-quiet 
steplessly variable shutter and dual-metering system 
and its fast near-silent full-motor drive, will see 
proud service into the next century. 
Leica, you see, did more than invent the 35mm still 
camera. It perfected. it. Check the adjacent column 
for dealer nearest you. Or write for more information. 

CD _ .  Leitz means precision. Worldwide. 
E. Leitz, Inc" Rockleigh. N.J. 07647 

3280 

PRADOLUX RT 300. . 
The Lelca of sUde projectors. 
Now, cover a wall with bright 
sharp Leica optical quality. Rugged, 
high performance construction 
is compatible with round trays. 
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Garden Camera 
CALCO LATORS 

Hewlett Packard 
HP 67 .......................................... $2 98.50 

HP 97 . . ............................... 584.50 

HP 31E ................ 3 9.50 

HP 32E.. .. ... 51.9 5 

HP 33E .. 6 9.9 5 

HP 37E ................. .. .... 57.9 5 

HP 38E ................. .. ...... 8 9.9 5 

HP 33C ............... .. ...... 97.50 

HP 34C ............ 124.50 
HP 38C ........................... .. ..... 124.50 

HP 41C ............................. ............ 24 9.50 

Accessories ......................................... Call 

Texas Instruments 
Tl57 .............................................. 47.9 5 

TI 58C ............................................ 8 9.50 

TI 5 9  ............ ...... .. .208.50 

PC 100C ................................. .. .... 144.00 

TI M8A ........ .. ...................... .. ...... 52.50 

Canon 
Pl0·D .......................... ........ ........ 68.7 5 

Pl0l·D .................................. ........ 9 9.95 

Palmtronic lC-4 .......... 1 B.50 

Palmtronic Le·s ................. .... 24.50 

"Credit Card" LC·6 .............. .. .. 24.50 

LC Quartz.. ....................... .. .44.50 

• VISA' 
r------, 
I Cell for low prlc.. I 
I on Hlkon, MlnoUs, I Olympu. end ,II 

Prlc •• aubJect to 
chIng. without notlc. 

Sp •• d your order 
TOLL FREE! 

I Mljor Brlnd I 
I Clmerll I 
�------. 

Call 1 (800) 223-0595 
Or Send polllgi end hlndllng 10 

GARDE" CAMERA 
345 Se.enlh Avonue, N.Y., N.Y. 10001 

New York, AII.kI • Hlwlli CIII: 

Tel: (212) 888-1420 Opln WeekdlY. 8:3<H1:00 
OPEN SUNDAYS 11).4 p.m. Closed SllurdlYs 

Historic NASA photos are now available at
tractively framed and ready to hang. Also 
beautiful pictures of space phenomena and 
colorful new examples of microphotography 
combine science and technology to illuminate 
the stark beauty and philosophical subtlety of 
other worlds. An aesthetic and interesting 
decor for home or office. A great gift idea. 
Satisfaction Guaranteed. "VOYAGER /VIK
ING ISATELLITE pictures available." Send 
$1.00 for NEW 40 image color folder. 
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"Space Art" 
178 "C" Avenue, Coronado, CA 92118 

three to four years and four electrifica
tion projects by four to five years. Two 
major port projects have been complet
ed six years late. The construction of a 
number of power-generation and -trans
mission projects is currently running six 
to 20 months late. The total cost of 28 
major irrigation projects has gone up 
more than three times, from 15 billion 
rupees to 49 billion, because of lags in 
construction. 

These facts suggest a severe manmade 
managerial crisis that is keeping 

down India's overall industrial growth. 
For example, in fiscal 1979 industrial 
growth could have been 7 to 8 percent if 
the supplies of fuel, power and transport 
had been sufficient to allow fuller utili
zation of capacity. That is in fact the 
industrial growth rate recorded by India 
in the Second Plan and Third Plan peri
ods. It is the minimum the nation needs 
for the baianced development of all sec
tors. It is also the rate the nation could 
maintain over the next few decades un
der better management. 

The stagnation due to bottlenecks in 
the supply of fuel, power and transport 
is compounded by a growing crisis in 
industrial relations. More than 20 mil
lion man-days of work have been lost 
each year for the past three years owing 
to industrial disputes. (The record, how
ever, was 40 million days in 1974.) And 
incidents of industrial violence and sab
otage have continued to increase. 

For some of these problems there are 
obvious answers. In the coal and pow
er sectors competitive dualism can be 
tried: a part of the capacity in these 
sectors can be operated privately under 
management contract. 

To promote industrial peace national 
guidelines for wage contracts must be 
established. They should link increases 
in wages to increases in objective in
dexes of performance in every industry 
and to increases in cost-of-living in
dexes as determined by expert bodies. 
Whenever collective bargaining fails, ar
bitration must then be compulsory. The 
arbitration judgments should conform 
to the national guidelines, and they 
should be quickly delivered and rigor
ously enforced. 

The greatest single constraint on in
dustrial growth in India is bureaucratic 
overcontrol. Critical materials are ra
tioned, credit is rationed, foreign ex
change is rationed, all large investments 
are licensed after prolonged processing, 
labor laws are overprotective, taxes are 
numerous and complex and tax rates are 
high, all key prices are centrally admin
istered, capacity expansion (and even 
full capacity use) is restricted, hundreds 
of items are reserved for small units or 
fixed allocations of capacity are made 
between large and small units, invest
ments by large business houses are se-

verely limited, foreign collaborations 
are licensed and there are restrictions on 
the siting of industries. Corps of gener
alist civil servants, still trained in the 
British literary-historical-gentlemanly 
tradition, administer these supposedly 
socialist controls, and armies of inspec
tors collect kickbacks to allow the pro
ducers to produce. That Indian en
trepreneurs manage to run their part 
of the industrial production system at 
all under these circumstances is truly 
wondrous. 

Some of the regulations are of course 
socially necessary, but many are utterly 
dysfunctional and should be dismantled 
or simplified on the basis of the recom
mendations made by a commission ap
pointed for that purpose. Indian policy
makers must realize sooner or later that 
the 30-year-old control system has de
livered neither high growth nor red uc
tion in poverty or in distributive inequi
ty. A more relaxed system should there
fore be given a trial. At the same time 
public-sector management can be im
proved simply by transferring it from 
the generalist civil servants to autono
mous corporations run by professional 
managers and technocrats. At least 15 
of the 142 central-government corpora
tions have managed to remain autono
mous and professional, and they have 
a good record of performance. They op
erate in the fields of international avia
tion, heavy electrical machinery, oil and 
gas, fertilizer, state trading and agricul
tural finance. 

To be sure, supply bottlenecks, labor 
problems and poor management are 

not the entire story. The deficiency of 
purchasing power has also limited the 
economic growth of the country. Recent 
consumer-survey data show that the 
poor half of the Indian population ac
counts for only 19 percent of aggregate 
consumer expenditure. The nonpoor 
half controls the remaining 81 percent. 
The contrast is even more striking in 
food and clothing. The poor half spends 
more than two-thirds of its budget 'on 
food, yet its share in the total expendi
ture on food is only one-third of the to
tal. In the case of clothing its share in the 
total expenditure is as low as 9 percent. 
With such a skewed distribution of pur
chasing power the emergence of food 
'surpluses in the midst of mass malnutri
tion and of slow growth in the textile 
and certain other consumer industries is 
not surprising. The simple truth is that 
the poor half of the Indian population 
has enormous unsatisfied needs but is 
hardly in the market. 

This leads to the subject of direct an
tipoverty policies. After a long period 
of trial and error India today has the 
knowledge and the field experience ac
quired in about half a dozen success
ful approaches to the reduction of rural 
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Do 79% of America's 
top corporate officers 
have access to 
information you dotit? 
Not really. It's just that 79% of the 
people who are running 1,300 of 
America's top corporations read 
F O R B E S  Magazi n e  re g u l a r l y .  * 

That's 23% higher than the next best competitor. 
Although FORBES is known for being well written and 

lively, these people don't just read FORBES for kicks. It's 
their first choice because it gives them the hard facts and 
expert analysis they find essential to successful decision 
making. 

One prominent industrialist told FORBES that a single 
article in the magazine saved him $250,000! 

The chairman of the board of a giant corporation was 
happy to tell us that he liked to use FORBES as a "cata
log" to hunt for profitable acquisitions. 

Men like these are well aware that a businessman can 
only be as successful as the quality of information he has to 
work with. More than anything else, it's the reliability of 
FORBES that puts us on top. 

Every issue of FORBES takes a hard-nosed look at 
companies -large, small, national and international. Man
agement is given the once-over, and our editors probe to 
the truth behind public relations handouts and "creative" 
accounting. The results? 

You learn what makes management at 
Teledyne different from management at 
Cuisinart or Safeway Stores for ex
ample, why it takes an account
ant to run some companies, 

"According to a recent 
study by Erdos & Morgan 
of corporate readership. 

Offer good in U.S. only. 

a marketing man to run others. 
You're the first to see the virtues in no-load mutual 

funds ... the first to spot the growth possibilities at a 
McDonald's ... and the first to predict the billion dollar 
export boom in agriculture. 

FORBES SPECIAL TRIAL OFFER 
Now you can get information like this and save money 

too! As a new subscriber, you get 12 issues of FORBES for 
only $12.75-a savings of 47% off the cover price. All you 
do is mail the coupon below. Do it today and you soon may 
wonder how you ever managed your business or finances 
without FORBES! 

SPECIAL BONUS! 
In addition to saving almost 47% on your subscription, 

you'll also receive as a free bonus FORBES executive fact 
kit - six reports of important personal and business value

I. The Up-and-Comers-enterprise at six small companies. 

2. Why pick on the As:countant? - or do figures and ethics 
mix? 

3. How to pick a Stock -ten tried and tested yardsticks for 
investment success. 

4. Free market economics -or the virtues of "unplanning". 

5. What to look for in tax-exempt bonds. 

6. 60-year chart of business and financial trends. 

Our Guarantee: If FORBES doesn't help you in your 
business, we'll happily refund the cost of any unmailed 
copies of your subscription. 

Forbes: CAPITALIST TOOL 

r--------------------� 
I To: Forbes Magazine, 60 Fifth Avenue. New York, N. Y. 1O0ll 
I 
I 
I 

o Send me 12 issues of Forbes for only $12.75 
(Save $11.25 off the cover price.) 
SAVE EVEN MORE! 

o Send me 78 issues (3 years) of Forbes for only $54 
o Payment enclosed 0 Bill me 

0354 

Name _____________ __ 

Address ___________ _ 

City ____________ _ 

State Zip ____ _ 

Special Bonus: 
Forbes Executive Fact Kit-6 valuable reports for personal 
and business use - yours as a gift when you subscribe. 

�--------------------� 
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An 
American 

Littoral 
Society 

Book 

Eight Articles by: 
BOB BOYLE . EUGENIE CLARK 
HAL LYMAN . GEORGE REIGER 

AND OTHERS 

What the sea means to fishermen , 
marine biologists ,  and writers . . .  
afterword by N elson Bryant , outdoor 
editor of The New York Times .  $3 .00 
postpaid. Proceeds benefit conserva
tion proj ects of the American Littoral 
Society . Please use order form below. 

AMERICAN LITIORAL SOCIETY 
Sandy Hook, Highlands , N . J .  07732 
Please send me __ copies of FISH 

STORIES @ $3 .00 each postpaid. I 

enclose $ total.  

Name __________ _ 

I 
I 
I 
I 
I 
I 

Address __________ I 
City I 

I State Zip ___ I 
L _____________ J 

New Generation Boris™ 

Chess 2 . 5  
teaches beginners-challenges masters 

THE MODULAR GAME SYSTEM 

VASTLY SUPERIOR 
to al l preceding chess microcomputers 

regardless of price 

$329 95 Modular Game System 
• with Chess 2.5 Module 

Delivered 
OPTIONAL RECHARGEABLE BATIERY PACK 

FOR PORTABILlTY-$40 
INFORMATION and/or ORDERS 

(Visa/Mastercharge) 
Tol l  Free (800) 645-2648 

Mon. thru Fri. 8am-4 :30pm (Eastern) 
(in NY State and outside continental U.S. 

cal l  (51 6) 872-3333) 

send $1 for brochure/NY residents add tax. 
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I N S T I T U T I O N A. L 
COM P U T E R 
DEV E LO P M E N T 
COR P . 

7 1 -A W. Merrick Rd. 
Dept. SA-9 
Valley Stream, NY 1 1 580 

poverty and unemployment on a sub
stantial scale. The foremost of these is 
the recent program of accelerated irri
gation (2.5 million hectares per year) 
and the promotion of the use of fertil
izer. The program directly absorbs at 
least .44 million man-years of rural la
bor per year. (An irrigated and fertilized 
hectare requires an average of 1 22 man
days of labor per year, or 48 days more 
than a dry hectare.) It will be neces
sary, however, to ensure that small and 
economically marginal farms get their 
due share of new canal water, pump 
sets and fertilizer. 

The second promising program is 
the Employment Guarantee Scheme 
(E.G.S.) of the state of Maharashtra, 
which is generating 160 to 180 million 
man-days of employment (or 533,000 
to 600,000 man-years of 300 days each) 
for the poorest rural people at a mini
mum wage. More than four-fifths of 
the E.G.S. budget is now spent on irri
gation, conservation and afforestation. 
The E.G.S. approach should be extend
ed to all parts of the country, and par
ticularly to the high-poverty belts, as 
soon as possible. The high-poverty belts 
occupy the central states, the western 
arid lands and the Himalayan periphery 
in the north. Only under the philosophy 
of E.G.S. does the state accept the mor
al, legal, technical, financial and organi
zational responsibility to provide guar
anteed employment at poverty-line in
come to the poor within a definite period 
of time. The current unemployment in 
India could all be absorbed at a direct 
cost of 3 0  billion rupees per year, which 
is less than a fourth of the present annu
al plan outlay. 

For promoting self-employment the 
Antyodaya (Redemption of the Last 
and the Lowest) approach of the state 
of Rajasthan is the most promising. 
Within two years under this scheme 
1 60,000 of the poorest families have ac
quired income-yielding assets such as 
pumps, dairy animals, sheep, bullock 
carts, camel carts, looms and sewing 
machines. 

A fourth approach with promise is 
the scheme of the Small Farmer Devel
opment Agency, under which six mil
lion farmers with holdings of less than 
two hectares have received loans pref
erentially. In many districts where the 
scheme is well administered hundreds 
of thousands of farmers have risen to 
the poverty line. If the scheme were ex
panded to cover four million additional 
farmers every year, the entire marginal 
farm sector would be covered in only 
a decade. 

A fifth approach is the Food-for
Work Program (F.W.P.), which gener
ates employment by paying for it partly 
or even entirely in grain. A conservative 
norm for the program would be one 
man-year of labor for each ton of grain 

paid out, and in a year of normal climate 
four million tons could be disbursed 
(twice the level of disbursement in fiscal 
1979), creating employment for four 
million people. In drought years the dis
bursements could be increased further. 
The Food-for-Work Program is the best 
way to absorb the rural labor surplus, 
create or restore rural assets and im
prove the food intake of the poorest. In
directly it sets an effective floor to the 
rural wage rate. 

A sixth approach is Operation Flood. 
The flood is a flood of milk. Cattle are 
artificially inseminated to produce bet
ter breeds. Their milk is bought by the 
government at an established price. The 
milk is chilled, bottled and sold in the 
cities. The dairy scheme Flood II, a 
proved success in the states of Gujarat 
and Rajasthan, is now programmed to 
have covered four million milk-produc
ing families by fiscal 1978 and 10 mil
lion by fiscal 1985. The covered fami
lies, with a minimal land base, have been 
able to rise to the poverty line within 
three years. 

These six schemes together have the 
potential to generate about five million 
man-years of new employment every 
year, in addition to the employment that 
other labor-intensive programs may cre
ate. Employment on that order could 
absorb almost the entire annual addition 
to the rural labor force. Eventually the 
programs could cover the bulk of the 
poor. Whether the programs will in fact 
be properly extended depends on the de
gree to which the poor are effectively 
politicized and unionized. 

The overall prospects for India's ec
onomic development remain un

known. The resources and the knowl
edge to eradicate deprivation exist. The 
failure to use them is purely managerial. 
The Indian political system has simply 
not produced a leadership that is knowl
edgeable and sincere enough to break 
the syndrome of slow growth and grow
ing poverty. A revolution is unlikely in 
India, and if one does come about, it 
will probably bring to power a feudal, 
noncommunist dictatorial junta even 
more ignorant and insincere than the 
elected representatives. Like many Afri
can, Asian and Latin-American dictator
ships, an Indian dictatorship might per
haps jack up the growth rate, but pover
ty will keep growing too. The Indian 
problem of poverty is just too vast to be 
solved by the average dim-lit dictator. 

Economics-"the dismal science"
can project for India either the estab
lished trend of slow growth and growing 
poverty or the many possible scenarios 
of rapid growth and the eradication of 
poverty. Which scenario in fact materi
alizes will depend on the shifts in leader
ship that may occur. These are in the lap 
of the gods. 
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Allegheny Ludlum technology 
helps put computer power withiri reach. 
Not long ago , information man

agement by computer was a productiv
ity advantage only for the large and 
the few - among nations as well as 
businesses.  

Today, computers are even doing 
household chores .  

Credit for part of  this progress 
belongs to the Kennedy Company - a 
California-based subsidiary of Allegheny 
Ludlum's Magnetics and Electronics unit . 
The firm employs new technologies to 
make data processing capabilities more 
widely affordable . 

Kennedy leads in design and 
production of tape, disk and cartridge 
recorders for data storage and acquisi-

tion , in the fast-growing market for 
mini- and medium- size computers . 

Highly regarded for performance 
and durability, Kennedy recorders are 
used worldwide in a remarkable variety 
of ways .  They were among the first used 
in telephone and Telex toll-ticketing, 
usage analysis, and switching control .  
They help cut paperwork , monitor jet 
aircraft noise , manage feedlots ,  record 
weather phenomena, and safeguard 
our allies . 

Within Allegheny Ludlum Indus
tries ,  computer components are but one 
aspect of our increasing involvement 
with products that help organizations 
large and small to improve the quality of 
their work . 

With access to global markets 
and resources, with superior systems 
managed by talented men and women, 
Allegheny Ludlum supplies products 
and services that set standards for the 
world. For we know there's a world of 
work to be done . And a world of reward 
for those who do it better. 

Allegheny Ludlum 
Industries 

At work on the world's unfinished business. 
Allegheny Ludlum 
Two Oliver Plaza 
Pittsburgh , PA. 15222 
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What if you chose H P  products to 

For exa m p l e :  
The H P-85 com p uter 
can now double as an 
110 control ler, with 
interfa cing power 
d i s proportionate to 
its modest price . 

Since its introduction earlier this year, 
the HP -85 has proved itself as an 
easy-to-use, fully integrated compu
ter, with keyboard, display, CPU, 
magnetic tape data storage, and ther
mal printer in one package small 
enough to fit on a comer of your desk 
or lab bench. Add to that BASIC lan
guage, 16K bytes of memory (expand
able to 32K bytes) , and full graphics 
capability, and you begin to see just 
how versatile the HP-85 is . And at 20 
pounds (9 kilograms) it can be moved 
around without strain . 

Now, an input-output ROM and 
Hewlett-Packard Interface Bus 
(HP-IB) card are available which vir
tually double the HP-85's versatility, 
turning it into a low-cost controller for 
just about any HP-IB - compatible in
strument. Other interface protocols 
are also available, including RS-232C, 
GP-IO (parallel), and BCD. 

More than 120 HP-IB - compatible, 
"designed-for-systems" instru
ments are available from HP, as 
well as optional peripherals to en
hance the HP -85' s performance: a 
high-speed, full-width line printer, a 
full-sized plotter, and flexible disc 
drives for data storage . 

The I/O ROM provides straight
forward 110 commands and state
ments to configure, control, pass data 
to and from, and check the status of 
devices in the system. With the I/O 
ROM's input and output capabilities, 
a programmer need key in only a few 
standard BASIC commands . 

1 80 

The HP-IB is the cornerstone in build
ing computed measurement systems 
you can spend your time using rather 
than connecting and testing. It incor
porates 10 years of interfacing experi
ence from which the IEEE-488 inter
face standard was derived. As many 

as 14 instruments can be intercon
nected and controlled by the HP-85 
via a simple, one-bus system. 

Price of the HP-85 system including 
I/O ROM, ROM drawer, and HP-IB 
card, starts at $3985* .  
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enha nce your productivity? 

For exa mp le : a system that can b e  precisely configured to acquire, 
analyze , and present your crucial data - automatically. 

With conventional measuring in
struments, getting answers to com
plex measurement questions requires 
three separate operations: making the 
measurement to obtain data, analyz
ing the data, and synthesizing it 
to achieve the answers . This takes 
time and considerable technique, 
and occupies skilled people in 
repetitive tasks. 

Now, through a single process which 
we term computed measurement, HP 
instruments make the measurements, 
perform the analyses, synthesize the 
data, and deliver fast, precise, direct 
answers. In many instances, they 
provide answers previously unob
tainable or economically unfeasible. 

A case in point is HP's new 
computer-based data acquisition and 
control system, the HP 3054. It brings 
capability and economy to applica
tions in electronic testing , process con
trol development, transducer mea
surements, production testing, R&D, 
and signal analysis .  

In its fullest configuration, the HP 
3054 comprises a data acquisition and 
control unit and two voltmeters inter
faced via HP-IB to one of several HP 
computers, depending on the nature 
of the application. 

For instance, a product test applica
tion where variables are known and 
measurements are made against de
sign standards usually requires 
different computer characteristics 
than a measurement application 
where evaluation is made without 

benefit of a known model, or a pro
cess control application where mea
surements serve primarily to regulate 
a sequence of events. 

HP 3054 system computers include 
the HP-85 as described on the oppo
site page, or one of several desktop 
computers in the HP 9800 series, or a 
large mainframe computer. Powerful 
system software includes instrument 
driver routines, data analysis and 
presentation programs, instrument 
verification routines, and applica
tions programs. 

Prices for the HP 3054 system range 
upward from $9000* depending on 
the number of options and the com
puter selected. 

For more information , mail the 
coupon to Hewlett-Packard, 1503 
Page Mill Road, Palo Alto, CA 
94304 . Or call the HP regi onal 
office nearest you : East (201) 265-
5000, West (213) 970-7500, Mid
west (312) 255-9800, South (404) 
955-1500, Canada (416) 678-9430. 

These a re only two of many thousand product reasons for c hoosing H P. 

H EW LE T T  
PAC KA R D  

Mail to: Hewlett-Packard, 15al Page Mill Road, Palo Alto, CA 94304 
Please send me further information on 

) HP-85 110 controller 

( ) HP 3954 data acquisition and control system 

Name _______________ _ 

Company ______________ _ 

Address ______________ _ 
City _______ State __ Zip ___ _ 

* Domestic U.S. prices only. 00045 

1 8 1  
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The Economic Development 
of Tanzania 

One of the poorest countries in the world, this African nation 

has set out to become a modern industrial state that preserves 

the traditional values of {{ujamaa ": society as extended family 

by Robert B. Mabele, William M. Lyakurwa, Beno]. Ndulu and Samuel M. Wangwe 

I
n the new nation of Tanzania on the 

east coast of equatorial Africa some 
18 million of the world's poorest 

people have set out to compress 10,000 
years of history into a lifetime. From 
the social order of the extended-kin
ship clan and a precarious subsistence 
by pastoral and hand-tool agricultural 
technology they are on their way to full 
self-governing citizenship in a nation 
state and to command of the tools of 
industrial technology. There is no prece
dent or model for their enterprise. What 
is more, the people of Tanzania look 
beyond easily measured increase in the 
productivity of their labor and improve
ment in their standard of living. As their 
goal is articulated by their leadership 
they seek to realize, in the full physical 
well-being ensured by industrial tech
nology, the values inculcated by their 
traditional way of life. These are the val
ues of mutual respect and loyalty and 
of "cooperation in production and shar
ing in distribution." In the vocabulary of 
political science this means no exploita
tion of man by man, public ownership 
of the major means of production and 
distribution and the equalizing of eco
nomic rewards. American and Europe
an observers have called this "social
ism." Tanzanians call it by the Swahili 
word ujamaa: society as the extended 
family, the ideal of "familyhood." 

The conventional indicators show 
that in the two decades since its found
ing in 196 1 Tanzania has made progress. 
Increase in the output of agriculture and 
industry has kept ahead of the increase 
in population, bringing an increase in 
consumption per capita. These indica
tors show their significance in the de
cline of infant mortality, the lengthening 
of life expectancy and the rise in litera
cy. Continuation of these trends seems 
to be ensured by the stability of the 
country's government under the presi
dency of Julius K. Nyerere, one of the 
most respected leaders of the new Afri-
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ca. A well-structured hierarchy of state 
banks and state development and oper
ating companies, together with foreign
owned and domestic private enterprises, 
carries forward the work of technology 
transfer. In the not distant future Tanza
nia proposes to arrive at self-sustained 
economic growth and realization of 
the second value asserted by the nation
al watchwords ujamaa na kujitegemea: 
self -reliance. 

Deaders who remember the classroom 
ft wall map displaying the pink-col
ored lands on which the sun never set 
will recognize Tanzania as the former 
British territory of Tanganyika, united 
today with the large offshore island of 
Zanzibar. The country embraces some 
of the fairest landscapes of Africa, be
tween the Great Lakes-Victoria, Tan
ganyika and Nyasa-of the Great Rift 
Valley and the Indian Ocean. The di
versity of terrain from the palm-shaded 
beaches to the Serengeti Plain at 5,000-
foot altitude, habitat of the greatest con
centration of wildlife on the earth, al
lows both temperate-zone and tropical 
agriculture within 10 degrees north and 
south of the Equator. Rainfall and ac-

cessibility to water has determined in 
the main the distribution of population. 
The people inhabit the periphery of the 
country, the seacoast and the lakeshores 
and the rainy highlands in the south and 
in the north around glacier-capped Kili
manjaro, the highest mountain in Afri
ca. More than 70 percent of the people 
live on their tribal lands in thatched 
houses they build for themselves fol
lowing diverse designs from region to 
region in order to take advantage of lo
cal materials and to achieve maximum 
comfort in the local climate. The dura
bility of the tribal institution is apparent 
in the rich differentiation in culture, so
cial organization and language that dis
tinguishes the tribal communities. Most 
of the languages are based on the great 
Bantu language of East Africa, how
ever, and most of the people today are 
literate in Swahili, the country's lingua 
franca and official language. 

Swahili, an expressive language fully 
responsive to the experience of life in 
this century, is itself Bantu enriched 
with grafts from Arabic and European 
languages that evoke alOng past. To this 
part of the world travelers have been 
coming since earliest times, brought by 

STRING OF VOLCANOES along one of tbe major brancbes of tbe Great Rift Valley in 
nortbern Tanzania, seen in tbe computer-enbanced false-color Landsat image on tbe opposite 
page, bas bad a profound influence on tbe ecology of tbe surrounding countryside, wbicb sup
ports an extraordinary abundance of large wild animals. Tbe tbree biggest lakes in tbis image 
are Lake Natron to tbe nortb (top), Lake Manyara to tbe soutb and Lake Eyasi to tbe soutb
west. Tbe brigbt red region at tbe lower center encompasses tbe vegetation-covered Ngorongo
ro Crater Higblands, tbe site of several extinct volcanoes, some of wbicb bave collapsed to 
form calderas. Tbe largest caldera of the group, Ngorongoro Crater, is the one witb a lake in it 
near the southern end; it is about 16 kilometers across and some 700 meters deep. Elepbants, 
lions, rbinoceroses, wildebeests and zebras live on the floor of tbe caldera. The dark peak at the 

nortbern end of tbe bigblands, just soutb of Lake Natron, is Oldoinyo Lengai, the only recent
ly active volcano in the region. On the left is the Serengeti Plain, an expanse of rolling grasslands 
famous for its vast herds of migratory wildlife. Tbe exceptional fertility of the soil in the Seren
geti is renewed by occasional ash falls from volcanic eruptions in the higblands. Olduvai Gorge, 
one of several sites in the area wbere the fossilized remains of early bominids bave been dis
covered, is on the western flank of the Ngorongoro Crater Higblands, just south of tbe center 
of tbis satellite image. Tbe region as a whole is tbe center of tbe Tanzanian tourist industry. 
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the consistent monsoons, which blow 
southward in the season from Decem
ber to February and northward from 
April to September. The Phoenicians, 
the ancient Greeks and the Chinese, it 
is said, paid visits here. Archaeological 
digs show that as long ago as the first 
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century immigrants from Arabia and 
Persia began to establish settlements on 
the coast all the way from the Horn of 
Africa to the Limpopo River, which to
day marks the boundary between ma
jority-ruled Africa and minority-domi
nated South Africa. The immigrants 

freely intermingled and intermarried 
with the indigenous African peoples. 
The jealously independent Afro-Arab 
settlements, as they became, engaged in 
trade with one another and with tribes in 
the interior and with the outside world 
to the north, trade in such indigenous 
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MAP OF TANZANIA shows the 17 mainland administrative re
gions, the islands of Pemba, Zanzibar and Mafia, the major rivers, 
the Great Lakes (Victoria, Tanganyika and Nyasa), the ports of Tan
ga, Dar es Salaam and Mtwara and the principal inland cities. Dar 

es Salaam, whose population was 851,522 in 1979, is the country's 
capital and chief industrial and financial center. By 1990 the capital 
will have been shifted to Dodoma. The blue rectangle on the map 
marks the area shown in the satellite image on the preceding page. 
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commodities as ivory, gold, spices and 
slaves. For a brief period in the 17th 
century the Portuguese controlled the 
settlements from what is now Tanza
nia southward. They were displaced by 
forces from the Arab state of Oman. 
The Omani dominated the coast for 
nearly two centuries. 

The first challenge to Arab domina
tion came from European missionaries 
in the 1870's, who ventured into the 
interior to establish mission posts and 
schools. (Their success is reflected in 
the prevalence of Christian first names 
among families in the interior, in con
trast with the Islamic first names and 
sometimes family names from the sea
coast and lakeshore areas of Tanzania.) 
In the scramble of imperialism that 
closed the 19th century Kaiser Wilhelm 
II assembled Tanganyika, Burundi and 
Rwanda into German East Africa. The 
Germans worked hard to make their 
empire a success; they built the first rail
roads in the country and succeeded in 
getting the first produce from Europe
an-style plantations into the world mar
ket. They started with cotton and tobac
co and later introduced the cultivation 
of rubber, coffee and sisal. Initially by 
force and then by taxation they coerced 
the people into seeking employment on 
their plantations. By the same methods 
the Germans induced the cultivation of 
Volkskulturs, lesser "people's crops," by 

the people on their own land. 
Taking over from the Germans after 

World War I, the British brought Tan
ganyika (minus Burundi and Rwanda, 
which were tied into the Belgian Congo 
on the west) together with their Kenya 
and Uganda territories under a Joint 
East African High Commission. In such 
development as was encouraged by this 
setup-further road and railroad build
ing, research services in agriculture and 
veterinary sciences, a joint airline and 
so on-Tanganyika was the Cinderella. 
Kenya, with a greater settler popula
tion, drew the significantly larger share 
of benefits, with Uganda coming in sec
ond. After the three countries got inde
pendence they tried to maintain their ec
onomic association, but the East Afri
can Community proved short-lived. 

T
anzania owes little, except in the 
negative sense, to its legacy from 

imperialism. The plantations never en
gaged more than a tiny percentage of the 
potential labor force; most of the people 
continued untouched in subsistence ag
riculture. Although the cash crops still 
provided the new nation's principal for
eign-exchange earnings, they did so by 
dint of increased production and ship
ment against a constant decline in world 
agricultural-commodity prices and a 
constant increase in the price of man
ufactured goods from the developed 
countries. At independence the indus-

LIFE EXPECTANCY 
TANZANIA 48\ 

(YEARS) 
U.S. 73\ 

INFANT DEATH RATE 
1521 

(PER 1,000 LIVE BIRTHS) 
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GNP PER CAPITA 
] 230 

(DOLLARS) 9,700 1 

INCOME SPREAD 1: 9 1 
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STRUCTURE OF ECONOMY 841 61 lOJ 
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AGRICULTURE INDUSTRY SERVICES 

FIVE INDICATORS of development in Tanzania are contrasted with the U.S. statistic. The 
life expectancy in Tanzania was 48 years in 1977; it was 37 years in 1960. The infant-mortality 
rate was 152 per 1,000 in 1977; it was 190 per 1,000 in 1960. The G.N.P. per capita was esti
mated to be $230 in 1977, which is less than 3 percent of the U.S. figure. The richest twentieth 
of all Tanzanian households have nine times the post-tax income of the poorest twentieth. In 
the U.S. the richest twentieth have 20 times the pretax income of the poorest twentieth. The 
Tanzanian labor force is 84 percent agricultural, 10 percent service and 6 percent industrial. 
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POPULATION PYRAMID of Tanzania (color) breaks down the population of 1978 by age 
and sex. The comparable population pyramid for the U.S. is shown in black. The total popula
tion of Tanzania was 17,528,000 (8,596,000 men and 8,932,000 women), which is an increase 
of 42 percent over the population in 1967 of 12,313,000. The geographical distribution of Tan
zanians is uneven: two-thirds of the people inhabit a tenth of the land. Most people live in Zan
zibar and in the districts of Kilimanjaro and Mwanza. The regions of Tabora and Ruvuma 
and the district of Nachingwea are virtually uninhabited. The population density varies from 
134.2 people per square kilometer in Zanzibar to 4.6 people per square kilometer in Tabora. 
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trial sector had a still smaller role in 
the economy. It consisted of no more 
than 220 establishments employing 10 
or more people and having as much as 
$40,000 in capital. They processed com
modities for export (sisal decorticating 
and cotton ginning) or manufactured 
minor consumer goods for the town
dwelling elite in Dar es Salaam, Tanga, 
Arusha and Mwanza. Less than 4 per
cent of the gross national product was 
generated by these enterprises, and they 
employed a correspondingly small num
ber of people. The towns, as enclaves 
of colonial power, imported most of 
the goods they required, including even 
their food. Only a few of the indigenous 
people were literate (in English) and 
trained up to even the secondary skills 
that were of service to the colonials. 

The policy of ujamaa na kujitegemea 
did not spring full-blown as a program 
on December 9, 1961, when the coun
try achieved independence under the 
Tanganyika African National Union 
(T ANU) party and its leader Nyerere. 
That policy evolved by induction from 
experience in the first years of indepen
dence. It received its first concrete state
ment in the Arusha Declaration at the 
party conference held in that town in 
1967. First and foremost the policy is 
directed to rural development and gives 
agriculture a prior claim on the human 
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and material resources available for de
velopment. In agriculture as in the in
dustrial sector, however, the tempo of 
development has to be measured by out
put. The record is by no means phenom
enal. It nonetheless highlights the expe
rience in which policy evolved. 

Any consideration of the recorded 
output of the country's agriculture must 
be qualified beforehand by recognition 
that much of it goes unrecorded because 
it is consumed by the producers and nev
er reaches the market. For nonedible 
cash crops such as cotton the marketed 
output comes close to indicating total 
production. For food crops the market
ed output can be used only as an in
dicator by proxy of the total. It is to 
be expected that in response to price in
centives peasants will seek to increase 
the marketable surplus and therefore 
the total output of a given commodi
ty. Because the surpluses go to market 
through their appropriate crop authori
ties, however, the records in Tanzania 
can be depended on. 

The cash crops for export show the 
most consistently disappointing trend. 
Sisal, once the country's principal ex
port crop, declined by half over the dec
ade of the 1970's. Competition from 
fibers made of polypropylene brought 
world prices for sisal down to a small 
fraction of the high in the early 1950's. 
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Fluctuations in the output of tea and 
coffee similarly reflect oscillations in 
world prices. One factor that helps to 
explain the sluggish growth in the over
all tonnage of the marketable surplus is 
to be found, however, in the country's 
drive for self-sufficiency in food produc
tion and the effort to bridge the income 
gap between the cash-crop regions and 
the food-growing ones. In recent years 
the government has repeatedly raised 
the prices of food crops paid to their 
prod ucers. Peasants, responding to the 
incentives, have been switching from 
cash crops to food crops. The loss of 
foreign exchange, which has been in 
part illusory considering the depression 
of world commodity prices, has been 
offset in some measure by an improve
ment in peasant nutrition, if an increase 
in the marketable surplus of the food 
crops can indeed be taken as indicating 
an increase in total output. 

Although the policy of seeking self
£\. sufficiency in food production can 
thus be credited with some success, the 
extreme swings recorded from year to 
year in such essential crops as maize, 
rice and wheat call out for something 
more than economic incentive. Agricul
ture in Tanzania depends still on the 
hoe. Increase in productivity per hectare 
and per man-hour of course requires in-
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BAR GRAPHS OF IMPORTS to Tanzania from all countries except 
those in East Africa are shown for 1964 (top) and 1978 (bottom). The 
graphs indicate the success of the Tanzanian government's import
substitution campaign, which sought the importation of less consum
er goods and more machinery. Textile and apparel imports, which 
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constituted 16.7 percent of all imports in 1964, decreased to 4.6 per
cent in 1978. Although food, beverage and tobacco im ports went from 
6 percent to 6.3, the demand for these commodities rose much more 
than that over the 14-year period as the population and standard of 
living increased. Machinery imports went from 14.7 percent to 28.8. 
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puts from modern agricultural technol
ogy. It was soon recognized, however, 
that to make those 'inputs available on 
the land would require basic changes in 
the way the people of Tanzania arrange 
their lives. 

The siting of a house in a Tanzanian 
peasant community is not constrained 
by the availability of water or energy 
or sanitary services. Members of a clan 
will build their houses pretty much as 
they please over the territory staked out 
by the clan. Although the land is held in 
common, the product of each household 
is its own, subject to the claims of mutu
al help and identity with the extended
kinship family. 

In Europe and America, under social
ism as well as capitalism, the changes in 
folkways occasioned by the technologi
cal revolution in agriculture have been 
accomplished by phasing out the peas
ant and turning the farm into a factory 
or a business. This is inconsistent with 
the path Tanzania has chosen-as the 
government was to learn from its own 
experience. Immediately after indepen
dence it was thought agriculture could 
be modernized by creating capital-in
tensive new rural settlements. These set
tlements failed not only because they 
called for considerable investment but 
also because the new "settlers" never 
considered the settlement theirs. 

With the Arusha Declaration a new 
approach was undertaken. The peasants 
were to be encouraged, on their own ini
tiative, to live and work together in uja
maa villages. A considerable number of 
these villages (1,100 by 1972) did get 
organized, with workers of the T ANU 
party on hand to motivate and guide the 
effort. Some villages committed them
selves wholeheartedly to communal 
prod uction; in others, particularly those 
organized in response to pressure from 
the party and the government, the com
munal effort was minimal. The distribu
tion of the yield also differed from place 
to place; some villages followed the 
principle of "To each according to his 
ability," others the principle of "To each 
according to his needs." Those that put 
the greater effort into communal produc
tion got results that encouraged them 
to continue and in some instances to 
expand their production. On the other 
hand, many villages died. 

By 1972 it was apparent that the vil
lage movement was proceeding at much 
too slow a pace to bring about the trans
formation of rural Tanzania. Although 
the leadership was persuaded that the 
commitment to communal production 
had to remain voluntary, it determined 
that something more radical should be 
done to get people to at least live togeth
er. To the suggested minimum village of 
250 families it would be economically 
feasible to provide not only the capital 
inputs and extension services to agricul-
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ture but also such essential human serv
ices as medical dispensaries and schools. 

A
campaign of "villagization" was be
gun, and over the next several years 

a massive transfer of rural population 
was accomplished. (The World Bank, 
in its effort to do something about the 
world's 400 million poorest people, has 
recently been urging such action on oth
er countries.) Local leaders were of 
course urged to consult with the peas
ants about where and when they would 
move. Yet some overzealous leaders, 
wanting to complete the exercise in rec
ord time, made mistakes: moving people 
when they were busy with their farm 
work and disrupting production. Some 
villages, it is now realized, are too big 
and are threatened by such problems 
as overgrazing of their lands. Mistakes 
of this kind are being rectified. With 
more than two million peasants settled 
in 5,000 villages as early as 1974, how
ever, the effort must be reckoned as a 
successful first step toward the modern
ization of Tanzanian agriculture. 

Longer strides remain to be taken. 
Out of five million hectares of cultivat
ed land only 126,000 are irrigated. The 
rapid expansion of this form of agricul
ture-to exchange the present one-crop 
gamble with rainfall for the ensured and 
expanded yield of year-round cropping 
on irrigated land-has been set as a ma
jor goal of the 1980's. The ground-water 
resources for the purpose have already 
been surveyed and earmarked. Beyond 
lies the development of the country's 
river basins. They are sparsely inhabited 
today owing to infestation by insects 
and other vectors of sleeping sickness, 
malaria, onchocerciasis ( "river blind
ness") and schistosomiasis. Pending 
measures to control these scourges, riv
er-valley development has begun with 
the building of dams for the generation 
of hydroelectric power on the Pangani 

and Great Ruaha rivers and the plan
ning of installations on the Rufiji and 
Kagera rivers. Ultimately the waters im
pounded by these dams can be distribut
ed to greatly extend the cultivated and 
irrigated lands of the country. 

Fisheries on the Indian Ocean and the 
Great Lakes already contribute signifi
cant quantities of protein to the people's 
nutrition. Here again output can be in
creased by improvement in the technol
ogy of fishing, accompanied by the pro
vision of preservation and processing 
facilities to bring the expanded output 
to the table. 

The industrial development of Tanza
nia, no less than the agricultural, looks 
to the Arusha Declaration of 1967 as its 
benchmark. The new nation had framed 
a three-year plan (1962-64) and then a 
five-year plan (1965-69) to hasten its de
velopment, but these plans looked to in
flows of investment capital and econom
ic assistance from abroad that did not 
materialize. The Arusha Declaration 
embraced the need for self-reliance and 
aggressive, centralized direction of the 
development effort, based on public in
vestment in all major industries and 
public ownership of them. By 1974 the 
predominantly private (more than 90 
percent of value added in 1967) manu
facturing sector had become predomi
nantly public (more than 50 percent of a 
larger value added). Assets of the pri
vate enterprises were taken over not by 
confiscation but by compensation of the 
owners. More than 90 percent of the 
investment in new industrial enterprise 
has since been public. 

T
he industrial-development plan has 
sought (I) the substitution of domes

tically prod uced consumer goods for 
imported ones, (2) the support of these 
industries by the building of primary 
tool- and machine-manufacturing in
dustries and (3) the development of the 

country's own mineral resources as 
the foundation of its industrial system. 
Progress is reflected in the increasing 
share of the G.N.P. credited to industry, 
from 4 percent in 1962 to 10 percent in 
1977. The footwear, textile, food-proc
essing, beverage, tobacco and furniture 
industries are now satisfying increasing 
or at least constant percentages of in
creasing domestic demand. It has be
come possible to turn to the establish
ment of engineering and metalworking 
industries and workshops for the manu
facture of spare parts, farm implements, 
railroad freight cars and motor vehicles 
and the still more basic rolling of steel 
sheet and shapes for the metalworking 
industries and construction. 

This strategy has been pursued un
der the direction of the National Devel
opment Corporation, which acts as the 
general supervisory holding company of 
operating subsidiaries. Its success has 
been marked by the spinout of a new 
holding company, the National Chemi
cal Industries Corporation, charged to 
develop plastics, fuel alcohol, fertilizer 
and pesticides and intermediate indus
trial chemicals such as soda ash. 

Over the longer term the country 
counts on the development of its miner
aI resources. Tanzania is a big country, 
and it is endowed with a diversity of 
mineral wealth. In colonial days the 
mining of gold and diamonds yielded 
substantial returns to the colonial pow
ers. As late as 1966 the mining ind us
try earned significant foreign exchange, 
generating 2.9 percent of the G.N.P. 
Exhaustion of the gold and diamond 
deposits brought that figure down to .6 
percent in 1978. The mining industry in 
the future will come squarely into the 
center of the domestic economy, con
tributing iron ore, coal, nickel and phos
phates. Promising finds of natural gas 
will supply some of the required energy. 

The ultimate control of investment 

VILLAGE in the Monduli district of the Arusha region of northern 
Tanzania was settled in the mid-1970's as part of the government's 
program of "villagization." The walls of the houses consist of poles 
covered with clay and dirt The roof is thatch. The floor and the foun
dation are clay and mud covered with a thin layer of cow dung, which 

makes the surface smooth and hard. The Monduli village is inhabited 
by traditionally nomadic people. Today only the young men in thF 
village move from place to place as they guide the livestock to the 
seasonal grazing lands. The photograph was made in late 1979 by 
Alan G. Johnston of the University of North Carolina at Chapel Hill. 
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HO\\' TO BUll ,0 
A B OEING. 

The Boeing 767 is al
ready a favorite 

w ay to fly e v e n  
though i t  hasn't 
left the ground. 

How do we 
know that? 

A team of 
Boeing research
ers, Kit Narodick, 
Karyl Landes 
and Dick Willy 
put the airplane 
to its ultimate 
consumer tests. 

Actual-size 
passenger cabin cross sections were 
set up, and extensive studies were 
conducted among experienced pas-

sengers. They sat in actual 
seats and experienced an 

imaginary flight. Their 
opinions were re
corded. Then they 
were asked to compare 

the 767 to other twin
aisle airplanes. 

More than 7,000 people 
in New York, San Fran
cisco, Hong Kong, Mel
bourne and lots of points 
in between were sur
veyed. 

Kit, Karyl and Dick 
took every precaution to keep the 
research objective and without bias. 
They wanted the truth and nothing 
but the truth about a totally new 

THEBOEINGFA AlILY 
Getting people together. 

concept in wide-body air travel. 
Compared to competitive wide

body airplanes, the 767 wound up the 
odds-on favorite. The reasons: 1) 
better seating arrangements on the 
767; 2) the 767 felt roomier, more 
comfortable. 

This research team is just one 
of several hundred groups that 
worked on the development and 
engineering of this new generation 
jetliner. As a matter of fact, more 
than 2,500 people were involved in 
the project before the first sale was 
made. 

So stand by, world. The 767 has 
met the test of our most severe 
critics - the passengers. And the 
verdict is: one super airplane. 
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strategy lies with the nationalized bank
ing system and the central bank of Tan
zania. Once the government has deter
mined the lines of development and the 
rate, this bank sees to it that the nec
essary domestic credit and foreign ex
change are made available. In the Third 
Five-Year Plan ( 1976-8 1) more than a 
fourth of the investment capital mobi
lized has been going into the manufac
turing ind ustries. 

The foreign exchange required to pur
chase the technical inputs to the coun
try's ambitious development plans must 
be secured on disadvantageous trad
ing terms with the industrial countries. 
In 1978 exports principally of coffee 
and cotton into their soft world mar
kets equaled 12 percent of the G.N .P., 
whereas imports principally of produc
ers' and capital goods at their inflexibly 
administered prices came to 27 percent 
of the G.N.P. The foreign-exchange def
icit of $243 million was the first incurred 
in some years of frugal management. 

The real goal of development, of 
course, is the well-being and fulfillment 
of people. To this end Tanzania has 
been devoting a substantial percentage 
of public expenditure to education and 
health services. Starting again from the 
Arusha Declaration, the program of 
"education for self-reliance" had re
versed the elitist imbalance in the 
schools that had emphasized secondary 
education for the few. By 1977, 91 per
cent of the children of school age were 
in school. A mass campaign had mean
while increased effective literacy in the 
adult population from 33 percent in 
1967 to 73 percent in 1978. It has now 
become possible to restore secondary 
education with an expanded and diversi
fied curriculum in vocational subjects. 
Students who prove academically eligi
ble for admission to a university must 
spend two years in a job following grad
uation from secondary school. 

In the same egalitarian spirit the coun-

try's system of medical care has been 
transformed into a true health-care sys
tem. From preoccupation with the cur
ing of the ills of the few who could pay 
for its services in the cities it has been 
turned to the provision of preventive 
services for the entire population. The 
training of paramedical personnel and 
the building of rural dispensaries and 
health centers have taken up the major 
share of medical expenditures since the 
Arusha Declaration. Mass campaigns 
of instruction in hygiene and nutrition 
have been launched, and wells are be
ing drilled to provide safe drinking wa
ter within a kilometer of every dwelling 
place in the country. As the first hopeful 
return from these efforts infant mortali
ty has been reduced from 190 per 1,000 
live births in 1960 to 152 in 1977, and 
life expectancy has been increased from 
37 years to 48. 

F
or all its hope and progress Tanza

nia remains a poor country. The gov
ernment has sought to secure for every
one a share in the hard-won gains of de
velopment by promoting equity in the 
distribution of incomes. At the time of 
political independence, as in other for
mer colonial countries, the disparity be
tween the richest and the poorest was 
extreme: between the top and the bot
tom 5 percent income groups the dif
ferential was 50 to one. By 1975 that 
gap had been reduced to nine to one. 
This has been accomplished with a num
ber of measures: by setting ceilings on 
top salaries, by forbidding government 
officials to accept income from any oth
er source, by progressive taxation, by 
leveling up the lower minimum-wage 
levels, and so on. 

Nevertheless, a potentially divisive 
disparity in incomes persists between 
the urban and the rural population. A 
farm household has a standard of living 
just over half that of an average wage 
earner's household. While the percent-

age gap has remained constant the dis
parity in absolute income has been wid
ening. It has resisted change even by the 
other powerful income-redistribution 
measures the government has brought 
into play, such as price controls that 
differentiate between luxuries and nec
essities in the market basket. The di
vergence between town and country is 
moderated for the present, however, by 
the strengths of kinship. Most of those 
who work in the towns are the sons and 
daughters of peasant families living in 
the countryside. Their families expect 
them, with their better education, to 
earn more in cash terms although not 
necessarily in real terms as values are 
reckoned by the people. What is more, 
the sons and daughters contribute to a 
considerable redistribution of cash in
come from town to country. 

T
anzania will celebrate 20 years as 
an independent nation in December, 

198 1-a short span in the time frame of 
the development of nations. Although 
it remains a poor country, faced with 
enormous problems in expanding its 
productive base, it has gone a long way 
toward curing the defects left by imperi
alism in the structure of its economy and 
toward securing its political sovereignty 
in economic independence. In this brief 
period, furthermore, the country has 
made a significant break with conven
tional doctrines of development; it has 
resolutely undertaken to design and im
plement change by building on values 
and institutions familiar to its people. 
The economic development of Tanza
nia raises new issues in political econo
my. The textbooks of economics have 
little to say about distribution. Eq ui
ty is a central principle, however, in 
the transformation of Tanzania into a 
self-sustaining industrial economy be
cause this nation cherishes its tradition
al values in the spirit of ujamaa na ku
jitegemea. 

DAR ES SALAAM (the name means "haven of peace" in Arabic) is 
the commercial and financial center of Tanzania and one of the larg
est ports on the east coast of Africa. In 1976 about 4.4 million tons 
of cargo moved through the port. The harbor is congested because it 

handles goods not only for Tanzania but also for other countries such 
as Zambia, which is connected to Dar es Salaam by the modern Tao 
zara railway, built by the Chinese. The railroad terminal is on the 
far side of the harbor. The photograph was also made by Johnston. 
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The Economic Development 
of Mexico 

A number of indica tors make it easy to mistake Mexico for a developed 

country. Actually its development is highly unbalanced, with most 

of its population impoverished, poorly educated and underemployed 

W
orld statistics place Mexico in 
the van of the nations en
trained in the worldwide rev

olution from the age-old agricultural 
way of life to modern industrial civiliza
tion. Starting from the nationalization 
of its petroleum resources and industry 
in 1938-a political overturn that has 
proved correspondingly important for 
the nations of the Middle East during 
the past decade-Mexico has seen an 
inflation-discounted economic growth 
rate of never less than 5 percent per 
year. The cumulative growth of its pro
duction in this period has generated a 
nearly hundredfold increase in industri
al output per capita, in spite of a more 
than 100 percent increase in population. 
With an income per capita of $2,100, 
Mexico might be mistaken for a devel
oped nation. Yet because the benefits of 
economic growth have been so inequi
tably distributed, Mexico exhibits some 
of the sharpest indexes of underdevelop
ment. Nearly half of the population sub
sists at the margin of nutrition or below 
it; nearly half of its children have no 
schooling; the disparity in income be
tween the richest and the poorest ap
proaches 40 times. 

Mexico is accordingly stretched by 
social tensions that seriously stress the 
unique mechanism of revolutionary 
mythology, political pragmatism and 
economic oligopoly that has maintained 
the nation's stability from its anticolo
nial revolution of 1910-17 down to the 
present. The recent recognition of hith
erto unsuspected petroleum reserves has 
temporarily slackened those tensions. 
The contest between forces of the left 
and forces of the right over the direction 
the development of Mexico should take 
remains nonetheless still to be resolved. 

The government of Mexico has been 
controlled by a single party (the Party of 
Institutionalized Revolution, or P.R.I.) 
for 52 years. This state party's candi
dates for the presidency and the gover
norships of the federal entities of the 
United States of Mexico (31 states and 
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the Federal District, which is the site of 
the nation's capital) always triumph. 

P.R.1. is not the only party participat
ing in the government. The opposition, 
however, occupies only secondary posi
tions and is unable to assume the leader
ship of a majority of the electorate. Its 
efforts are limited to leveling criticism 
at and bringing pressure on the govern
ment. Still, these efforts often play a part 
in the reformulation of government pol
icies. The mechanism resembles a relief 
valve benefiting the state, although it is 
more than that. 

The fact that the system works is part 
of its originality. The system operates 
within a society where regions and so
cial strata are notably out of balance. A 
complementary feature of the system is 
the existence of a pervasive political cul
ture. Society speaks the official language 
and participates in the national myths 
fostered by the state. A sort of logic of 
power, combining myth and reality, is 
constantly renewed by community and 
state leaders, whose concern is to go be
yond political form and myth and to 
serve national unity or survival as fun
damental premises. 

The state dominates this logic of pow
er, and the opposition is forced to accept 
it in view of the populace's conditioned 
interpretation of reality. It is also signifi
cant that the state has been able to elimi
nate the old alternatives of church and 
oligarchy that persist in other parts of 
Latin America. The state has been able 
to establish a system of government in 

which the military lacks the political 
power that the military has in many oth
er Latin-American nations. 

In dealing with a series of crises such 
as labor unrest in 1958 and student un
rest in 1968 the state has created a mech
an ism with which it can maintain con
trol by a coordinated use of symbols, 
repressive action and concessions to op
posing groups, which include labor, the 
middle and intellectual strata of soci
ety and the minority parties. All of this 
has been controlled by a strong execu
tive branch whose power is concentrat
ed in the presidency. In addition the state 
owns the country's energy resources and 
participates in a high proportion of do
mestic investments. In such a country it 
is difficult to consider economic devel
opment independently from the state. 

One other important consideration is 
Mexico's relations with the U.S., 

with which it shares a boundary of al
most 1,300 miles. Mexico both quarrels 
with and accommodates to the inhabi
tants and leaders of the U.S. Lying be
hind this process is tqe fact that Mexico 
lost more than half of its territory to the 
U.S. more than a century ago, the view 
in Mexico that the U.S. has made oth
er interventionist or threatening moves, 
and a sense of national pride. As a result 
both the people and the government of 
Mexico have kept the problem of na
tional survival foremost in their memo
ry and concerns. National survival, the 
magnitude of Mexico's popular move-

CENTRAL HIGHLANDS, which constitute only about 15 percent of the total area of Mexi
co, contain approximately half of the country's total cropland and more than half of the total 
population. In the enhanced false-color Landsat image on the opposite page crops can be seen 
under cultivation in the central-highland valleys northwest of Mexico City. The principal crop 
here is corn, grown mainly under rain-fed conditions during the rainy season, which lasts rough
ly from July through October; other crops such as wheat, vegetables, strawberries and potatoes 
are grown during the winter months when irrigation is available. Mexico City itself is the bluish 
area at the bottom right. It is the only large city in the world without either direct access to the 
sea or an important river passing through it. It is also the fastest-growing metropolis in the 
world; by the year 2000, according to United Nations projections, it will be the world's larg
est metropolis, with a population of almost 32 million, or nearly a fourth of the national total. 
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ments and the nature of the involvement 
in those movements of a middle class 
that sprang from the wealthiest Spanish 
colony in the New World contribute to 
the explanation of a complex historical 
process. 

Mexico's area of 1,972,544 square 
kilometers (761,600 square miles) has 
a population of 70 million. The country 
ranks 13th in the world in territory and 
11 th in population. Its population is the 
second largest in Latin America (after 

PACIFIC OCEAN 

Brazil's) and the first among the Span
ish-speaking countries of the world. 

Between 1900 and 1950 the popula
tion of Mexico almost doubled. It al
most doubled again between 1950 and 
1970. If the historical trend continues, 
Mexico will have more than 132 million 
inhabitants in the year 2000. Mexico 
City, the capital, which today has a pop
ulation of about 14 million, will have to 
house 35 million people. 

An intensive program of family plan-

ning that was started by the govern
ment in 1972 envisions a decline in the 
rate of population growth amounting to 
.5 percent this year and from 1.1 to 2.2 
percent between 1985 and 2000. If this 
prediction proves to be correct, the pop
ulation will rise to only 100 million by 
the year 2000. Demographers believe 
the growth rate has declined, but they 
cannot affirm that the projection will 
materialize. 

The controversial matter of popula-

UNITED STATES OF MEXICO consists of 31 states and the Feder
al District, which is the site of the capital, Mexico City. The hlue 
rectangle that includes Mexico City indicates the area shown in the 

Landsat photograph on the preceding page. Mexico's history has 
heen much colored by the proximity of the U.S., with which the coun
try shares a boundary almost 1,300 miles long. Mexico encompasses 
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tion growth should not be left there. 
Although the high rate of growth has 
caused problems of unemployment, in
sufficient services and a high rate of de
pendency (3.5 dependents for each em
ployed person), it also represents part 
of the nation's strength. Many people 
believe that, as in other countries, the 
growth of the economy, the distribution 
of income and the increase in standards 
of living will be the most important de
terminants of a decline in the birth rate. 

GULF OF MEXICO 

BAYOF 
CAMPECHE 

1,972,544 square kilometers (761,600 square 
miles). The country has no major river, and 
in many regions water is chronically scarce. 

In any event Mexico's population den
sity of 31.3 inhabitants per square kil
ometer (in 1976) is far below that of 
countries with a much higher standard 
of living, such as France (96.7), West 
Germany (247.4) and Japan (302.9). In
deed, some years ago the director of the 
Commission for Studies of the Nation
al Territory declared: "Mexico's poten
tial resources can support a population 
of 300 million." 

Among the indicators of development 
in Mexico, uneven though it has been, 
are a decline in the mortality rate from 
23.2 per 1,000 inhabitants in 1940 to 
7.3 in 1976, a decline in the rate of in
fant mortality from 125.7 per 1,000 live 
births to 49 over the same period and a 
rise in life expectancy (from 40 to 63 
years for men). The ratio of urban to 
rural population has shifted greatly: the 
urban population (defined as people liv
ing in communities of 2,500 or more in
habitants) has grown from 35.1 percent 
of the total in 1940 to 64.9 percent in 
1978. This indicator is strongly associat
ed with literacy, health and nutrition. 

As for the rural areas, cultivated land 
is minimal in proportion to what could 
be cultivated. (In Latin America 11 per
cent of the arable land is cultivated, 
compared with 88 percent in Europe 
and 83 percent in Asia.) Mexico has 
about 24 million hectares of agricul
tural land and could cultivate 3.3 mil
lion additional hectares over the next 
five years. It is also feasible to increase 
agricultural productivity considerably. 
Mexico has before it the example of the 
U.S., which cultivates 51 percent of its 
usable land and is the world's leading 
producer of grain. 

The structure of capital and labor in 
Mexico is similar to that in other 

Latin-American countries in many re
spects. It is distinguished, however, by 
one significant feature. The old landed 
oligarchy lost a major share of its prop
erties and power as a large group of 
small landowners was built up after the 
revolution of 1910-17. In other Latin
American countries the landed oligar
chy controlled the capitalization of the 
countryside and the cities as well as a 
good proportion of the industrial and 
financial growth. In Mexico this old oli
garchy lost its dominant role. 

The rural bourgeoisie that began to 
develop after the revolution grew out of 
a social structure in which at first indus
trial capital and later financial capital 
maintained a leading role in the econo
my. These two forms of capital were 
allied with or supported by the govern
ment. The rural bourgeoisie depended 
on markets for goods and capital that 
were controlled by the state and by 
foreign enterprise, including banks and 
largely monopolistic companies. 

These relations altered the course of 
the country's economic and political de
velopment. One reason was that instead 

of the rural sector's capital generating 
the capital of the industrial and financial 
sectors, as was the case in many other 
countries, the latter sectors generated 
capital for the rural sector, with the as
sistance of the state and later of multina
tional corporations. Moreover, the state 
in association with industrial and mer
cantile capital undertook the develop
ment of the internal market in such a 
way as to create a class of salaried work
ers who also cultivated their own land 
during part of the year. By increasing 
the supply of foodstuffs these workers 
brought down the real cost of industrial 
production without increasing the cost 
of agricultural output. 

This mechanism or model was not the 
result of pure economic rationale. It was 
the indirect result of an agrarian revolu
tion that involved the largest group of 
peasants in all Latin America. The de
mand of the peasants that their need for 
land be satisfied preceded the beginning 
of the new type of development of capi
talism. 

Seventy years ago 1 percent of the 
population held 97 percent of the land 
and 96 percent of the population held 
only 2 percent of the land. When the 
revolution succeeded, the peasant lead
ers and the government found that they 
needed to distribute land to the armed 
peasants. The distribution of the land 
reached a peak during the presidency of 
Lazaro Cardenas (1934-40). Between 
1915 and 1940 more than 1.7 million 
peasants were given land; 800,000 of 
them received it during the Cardenas 
administration. Even today the politi
cal and economic influence of the work
er-owners of the countryside remains 
considerable, and it provides in much 
of the Mexican countryside a more 
commercial, bourgeois and civil atmo
sphere than is found in many other Lat
in-American countries. 

Because many peasants remain with
out land and many landowners are poor 
the Mexican countryside supplies large 
numbers of workers to the industrial 
and urban enterprises of Mexico and to 
the international labor market, particu
larly the U.S. In the period from 1910 to 
1970 the proportion of the economical
ly active population engaged in agricul
ture declined from 72 percent to 41. In 
absolute terms, however, the number of 
agricultural workers in Mexico has in
creased by more than 1.5 million since 
the revolution. 

The landless peasants, and those who 
simply left their piece of land, were 
drawn to the cities during the period of 
rapid industrialization in World War II. 
They became integrated into the indus
trial work force, rising at first rapidly 
from 14 percent of the economically ac
tive population in 1940 to 18 percent in 
1950 and then more slowly to 19 percent 
in 1960 and 24 percent in 1970. Starting 
in the 1950's, however, they began to 
join the disadvantaged population of the 
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same way as the comparisous made iu the preceding articles on China, India and Tanzania. 
The "equity" data compare the income ratios of the top 5 and bottom 10 percent of the popula
tion in Mexico and the U.S. Many Mexican indicators have improved. Forty years ago life 
expectancy was 40 years for men and the infant-mortality rate was 125.7 per 1,000 live births. 
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cities. Mexico does not differ from oth
er countries of Latin America in this 
respect. 

Mexico is also like other Latin-Amer
ican countries in terms of the returns to 
capital and labor. The wages of work
ers amounted to only 15 percent of the 
gross product from manufacturing in 
1979 (30 percent if wages, salaries and 
benefits of both white- and blue-collar 
workers are included). More than two
thirds of income goes to the corporation 
and less than one-third to the employ
ees. Capital and labor in Mexico main
tain the same characteristics found in 
the less developed countries and in the 
countries that are peripheral to the cap
italist world. 

Without awareness of it the Mexican 
state is neo-Keynesian. Since the 

great depression of the 1930's the gov
ernment has become part of a multifa
ceted financial system. It began to ac
quire companies, some by expropria
tion, and to establish others in a variety 
of sectors of production and services. 
Public corporations, and the public sec
tor in general, contributed 43 percent 
of total investment between 1940 and 
1954, 31 percent between 1955 and 1961, 
40 percent between 1962 and 1970 and 
44 percent between 1971 and 1978. The 
forms of the state's participation in the 
economy cannot be understood with
out considering the character of the 
country's popular history, which is that 
the development of the economy was 
increasingly dominated by monopolies 
and oligopolies. 

Public investment is part of the state's 
power. It entails a capacity to generate 
jobs, goods and services and an ability to 
negotiate with other states, particularly 
the U.S. The state-owned companies, 
through the investments and outlays of 
the public sector, help to implement a 
policy of concessions and negotiations 
with the large private foreign and do
mestic companies, with smaller compa
nies and with popular and political orga
nizations. The public companies func
tion as a stabilizing force, as a means of 
stimulating the economy during reces
sions and as a complement to the gov
ernment's systems of stimulation and 
control. 

The power of the Mexican state is, 
however, limited. It operates in a coun
try that is dependent on a single market 
(the U.S.) for almost two-thirds (and 
sometimes more) of its imports and ex
ports. In 1979 some 64 percent of Mexi
co's imports came from the U.S. and 69 
percent of the exports went there. Al
though Mexico has diversified itsecono
my and has achieved a relative autono
my, several factors tend to reinforce the 
pattern of a country that is peripheral to 
the capitalist world and dependent on it. 
They include the growth of Mexico's ex
ternal debt, the magnitude of foreign in
vestments, the size of monopolistic and 
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Physician� did you miss any of these 
significant developments in medical science? 

• The isolation of coxsackievirus B4 
from the damaged pancreatic cells of a 
10-year-old boy who died of diabetic 
ketoacidosis adds to the growing evi
dence that implicates viruses in some 
forms of insulin-dependent diabetes 
mellitus (IDDM). 

• Campylobacter fetus subsp. jejuni 
causes at least as much acute gastroen
teritis as does Shigella or Salmonella; the 
culturing and antimicrobial therapy for 
C. fetus subsp. jejuni differs from that 
for the other two bacteria. 

• Miconazole shows great promise in 
patients with disseminated and me
ningeal coccidioidomycosis who do not 
respond to or cannot tolerate ampho
tericin B. 

• Pittsburgh pneumonia agent (PPA) 
and atypical Legionella-like organisms 
(ALLO) are particularly dangerous in 
immunosuppressed patients. 

• Lithium batteries for pacemakers 
have,made mercury-zinc cells virtually 
obsolete; they can power a unit for 8 to 
20 years. Microcircuitry has revolu
tionized the therapeutic and diagnostic 
potential of these devices. 

I 
F THESE ITEMS are familiar you must be 
a prodigiously energetic or prodi
giously lucky reader. With 2,000 or 

more journals published each year, in
formation that significantly affects pa-

Branches of the right and left coronary ar
teries supply blood to the AV node and in
traventricular conduction system. 

SCIENTIFIC AMERICAN Medicine is lucidly il
lustrated with drawings and photographs. 
Some examples are seen here and on the 
facing page. 

tient management all too easily slips by. 
Textbooks are out-of-date before they 
are published. 

SCIENTIFIC AMERICAN Medicine is the busy 
clinician's answer to this problem. 

Because its authors update SCIENTIFIC 
AMERICAN Medicine every month, it is al
ways current. Because the new informa
tion appears in a single source, it is there 
when you need it. 

This 2,000-page, innovative union of 
publishing and electronic technology is 
the work of leading scholar-practi
tioners from Harvard and Stanford. 
The editors are Edward Rubenstein, 
M.D., F.A.C.P., and Daniel Federman, 
M.D., F.A.C.P. 

Each month as authors update their 
contributions, revisions are entered on 
the magnetic tape on which the text and 
index are stored. The tape drives high
speed phototypesetting equipment so 
that subscribers receive about eight new 
chapters and a new index every four 
weeks; a bulletin highlights new devel
opments. 

New material replaces old material in 
the living text, so that the information is 
there - up-to-date, at your fingertips. 

A CME program of eight patient man
agement problems offered over a 12-
month period is available at no extra 
cost. As an organization accredited for 
continuing medical education, the Stan
ford University School of Medicine des
i g n a t e s  t h i s  c o n t i n u i n g  m e d i c a l  
education activity a s  meeting the criteria 
for 32 credit hours in Category I for 
Educational Materials for the Physician's 
Recognition Award of the American 
Medical Association, provided it has 
been completed according to instruc
tions. This program is approved by the 
American Academy of Family Physicians 
for 32 Elective Hours of CME credit. 

Trial Offer 

We invite you to try SCIENTIFIC AMERICAN 
Medicine - for two months at no cost. 
Send us the coupon and you will receive 
the two-volume text and two monthly 
updates. You may also take a CME test 
for credit. At the end of 60 days, if you 
decide to continue the subscription, we 
will bill you for $185 for the full 12 

'months (renewal is $160); otherwise 
just return the volumes to us. 

Please mail the coupon today and let 
us take the hassle out of keeping up. 

Histopathologic changes in psoriasis. 

Extensive psoriasis (top) cleared completely 
(bottom) after four weeks of treatment with 
anthralin. 
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multinational companies and the close 
ties between government officials and 
the business community. 

Between 1940 and 1970 foreign in
vestment in manufacturing was multi
plied 65 times, increasing from 7 per
cent of all foreign investment to 74 per
cent. In a fair number of cases foreign 
investors contributed high percents of 
total investments: 67 percent in chemi
cal products, 79 percent in electrical 
machinery, 84 percent in rubber and 
so on. Some 85 percent of all foreign 
companies were owned or controlled 
by multinational firms in 1979; in 1978 
of 4,359 foreign companies 79 percent 
were North American. In 1971 multina
tional corporations covered 93 percent 
of the payments for imports of technol
ogy; 80 percent of the technology em
ployed is still foreign. 

This is not a case of a general depen
dence of one country on another but 
rather of the dependence of a country 
and its government on foreign- and do
mestic-owned corporations. The state's 
social objectives are sought in an econ
omy where capital is concentrated in 
the hands of a few. The achievement of 
those objectives is subject to the pres
sures created by foreign and Mexican 
monopolistic capital. About 1.7 percent 
of the industrial enterprises create 42.3 
percent of the employment and generate 
53.7 percent of the industrial output. 
In 1970, more than 50 years after the 
agrarian reform, 11 percent of the land-

35 AND OLDER I 
w 

I (!) 25-34 
< 

15-24 I 
I I I I I I I 

90 80 70 60 50 40 30 20 

owners held 60 percent of the land for 
agricultural use. The oligopolization of 
the economy is a pervasive character
istic and constitutes an uninterrupted 
trend, particularly in the most dynamic 
sectors of the economy. Beyond all of 
this is the existence of corporate finan
cial groups that are active in a variety of 
areas of production and finance and are 
associated not only economically but 
also politically and in the fields of infor
mation and diplomacy. 

The power of such interests does not 
fail to influence in a significant way 

the decisions and the economic struc
ture of the state itself. For example, it is 
estimated that between 1953 and 1972 
Petroleos Mexicanos (Pemex), the state
owned oil industry, effected transfers 
worth 11.3 billion pesos to private com
panies, largely in the form of subcon
tracts. Government subsidies to private 
companies in the form of electric energy 
amounted to 26 billion pesos over the 
same period. Between 1970 and 1978 
the federal government's subsidies to 
commerce, importers and exporters and 
organized industrialists totaled 54.1 bil
lion pesos. Many of these subsidies were 
intended to counteract the effects of 
inflation on consumers without affect
ing the substantial profits of the corpo
rations. 

The chief returns to shareholders, in
cluding capital gains and dividends, 
amount to 100, 200 and even 300 per-
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cent per year. Multinational corpora
tions occasionally obtain slightly lower 
but safer profits on their investments in 
Mexico than they do in other Latin
American countries. Between 1962 and 
1975 foreign investment increased to 
401 from a base of 100 and remittances 
from Mexico based on foreign invest
ment rose from 100 to 582. Although 
foreign investment declined from the 
equivalent of $85.7 million in the first 
quarter of 1975 to $49.1 million in the 
same quarter of 1977, profits increased 
from $171.9 million to $237.5 million. 
Large profit remittances and payments 
in service of the external debt contribut
ed powerfully to the rise in Mexico's 
balance-of-payments deficit from $217 
million in the first quarter of 1975 to 
$574 million in the first quarter of 1977. 
By 1970 the servicing of the external 
debt was absorbing 60 percent of new 
indebtedness. Between 1970 and 1976 
the external debt increased by more 
than 400 percent. 

The concessions, subsidies, tax ex
emptions and transfers in kind from the 
public to the private sector impose on 
the state a large share of the costs of 
inflation. (The largest part of the cost of 
inflation is paid by fixed-income groups, 
particularly by the poorest, most disad
vantaged and most exploited workers.) 
Government subsidies also limit the 
state's role in the conduct of public and 
private corporate relations because they 
increase the state's growing indebted
ness. As a result the state's national'and 
global directive functions are weakened, 
and the state is limited to an auxiliary 
role in the accumulation of wealth. 

The government's attempts to impose 
laws to control foreign investment and 
to establish a progressive system of tax
ation (which among other things would 
have taxed the income on capital) have 
been frustrated. With all its political and 
economic stability, which is greater than 
that in many developed countries. the 
Mexican state still only fulfills the func
tions assigned to it on the outskirts of the 
capitalist world by capitalism. One re
sult is an extremely unbalanced growth. 

Regarded as a whole, Mexico has 
achieved a remarkable development, 
particularly since the nationalization of 
the petroleum industry in 1938. The first 
steps had been taken earlier. Between 
1925 and 1939 the G.N.P. grew at a rate 
of 1.5 percent per year. Then the annual 
growth rates increased rapidly, averag
ing 5.8 percent between 1940 and 1954, 
5.9 percent between 1955 and 1961,7.6 
percent between 1962 and 1970 and 
5.4 percent between 1971 and 1977. 
This year the rate is expected to be be
tween 7.5 and 8 percent. 

The growth rates of the per capita 
G.N.P. are also high. They have been 
sustained over a fairly long period: 2.9 
percent between 1949 and 1954,2.7 per
cent between 1955 and 1961,4 percent 
between 1962 and 1970 and 2 percent 
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between 1971 and 1977. In 1980 a per 
capita growth rate of from 4.3 to 4.8 
percent is foreseen. 

From 1939 to 1978 the gross invest
ment per inhabitant increased from 21 
(in 1960 pesos) to 7,163. The volume 
of industrial production increased from 
3.2 in 1940 to 273.9 in 1972 on an index 
with 1960 as lOO. Installed electric-en
ergy capacity increased from 629,000 
kilowatts in 1937 to almost l3 million 
in 1976. The highway system was 9,929 
kilometers in 1940 and 200,060 in 1977. 

In addition to the increase in life ex
pectancy and in the urban population 
another indicator is strongly correlated 
with the standard of living: literacy. Be
tween 1930 and 1979 literacy increased 
from 33 percent of the population to 84 
percent. The number of people receiv
ing primary, secondary and university 
education has increased at a far high
er rate than the population as a whole. 
In 1979-80 more than 15 million stu
dents were in the elementary school cy
cle, almost four million in the second
ary school cycle and almost 800,000 in 
higher education. 

Mexico's income per capita (above 
$2,100 this year) is matched by such 
indicators as the number of physicians 
per inhabitant, the percentage of the 
population that has electric light and 
the number of nutritional calories con
sumed. Indicators detailing changes in 
the middle-income strata reveal consid
erable growth. 

Nevertheless, the speed of develop
ment, its absolute and relative fig

ures and the position the country oc
cupies among other nations in Latin 
America and the world cannot conceal 
the fact that development has been more 
unbalanced in Mexico than it has in 
many other countries and that the im
balance is growing. For example, in 
1958 the income of the richest 5 percent 
of families was 22 times greater than 
that of the poorest 10 percent; in 1970 
it was 39 times greater. In 1977 the 
po�rest 10 percent received 1 percent 

1940 

35 PERCENT 
URBAN 

of the national income and the richest 5 
percent received 25 percent. Among all 
families 32 percent received the mini
mum income needed to satisfy the most 
elementary necessities, and 14.5 percent 
received less than the minimum. Even 
among those in the economically active 
population 40 percent received less than 
the minimum. This sector of the popula
tion is the one most strongly affected by 
unemployment, underemployment and 
exploitation. 

In 1979 the population excluded from 
the benefits of development was larger 
in absolute terms than it had been in 
1940. The illiterate amounted to 16 per
cent, 44 percent did not receive educa
tion and 20 percent did not wear shoes. 
There are also some relations that date 
back to the colonial era and now com
bine with the more recent forms of de
velopment and of monopolistic capital. 
The people speaking indigenous lan
guages (some three million Indians) suf
fer most from this kind of exploitation, 
created simultaneously by internal colo
nialism and dependent capitalism. The 
group is larger if certain mixed-race in
habitants who are treated as Indians are 
counted. 

Some 18 million underprivileged peo
ple in rural areas live in extreme misery; 
40 million Mexicans have a nutritional
ly inadequate diet, and 30 percent of the 
population consumes lO percent of the 
food produced while the 15 percent with 
the most buying power consumes 50 
percent. Only 35 percent of the popula
tion is covered by the social-security 
system. Medical care represents only 2 
percent of the G.N.P. The housing defi
cit is five million units. Forty percent of 
the heads of households never finished 
primary school. 

Side by side with the growth of facto
ries, technologies, centers of develop
ment and neighborhoods of the wealthy 
is the growth of shantytowns and the 
number of extremely poor, superex
ploited and unemployed people. The ex
ploitation of nature itself and the disor
ganized growth of the cities, where the 

1978 
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URBAN 

STRONG TREND TOWARD URBANIZATION is reflected in diagrams that show the per
cent of people who lived in rural (gray) and urban (color) areas of Mexico in 194() aud in 1978. 
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poor are crowded, the concentrations of 
automobiles are enormous and the de
velopment of public transportation and 
public services is meager-all of this re
flects an extremely unbalanced develop
ment that combines the oldest forms of 
exploitation and domination with the 
most modern. It is only the combination 
of these inequalities and their ordering 
into a unique economic, political and 
social system that explain the long
lasting stability of the country. Yet the 
stability is threatened at times by crises 
brought on by the same combination. 

Unrest among students and other seg
ments of the population in 1968 

was the clearest indication of a deep 
crisis in the social order. As in other Lat
in-American countries, guerrilla move
ments had begun to appear in Mexico, 
and some acts of sabotage and terrorism 
had occurred. An entire political and 
social foundation and a power struc
ture that had been built on two essen
tial elements were entering into a crisis. 
The elements were capital and labor en
gaged in industry, communications and 
transportation. 

Beginning in 1940 the state, which 
had evolved from popular coalitions 
that were originally revolutionary, had 
pursued a policy of controlling the labor 
organizations that belonged to the coali
tion. Constant attempts were made to 
reduce the strength, independence and 
demands of the unions of the railroad 
workers, the electrical workers, the min
ers, the petroleum-industry workers and 
above all the organized workers in man
ufacturing. The government gradually 
did achieve political and economic con
trol over the unions, but not entirely 
by repression. Acts of repression were 
countered by pay increases and conces
sions aimed at ensuring the stability of 
the country. This stability was attained 
above all after widespre.ad strikes in 
1958 and 1959, but even before then the 
state was able to improve its position of 
power in each confrontation, protecting 
and stimulating the process of capital 
growth even as it was granting wage in
creases and making other concessions 
to the workers. In this way the costs of 
the economic model were borne by the 
workers and the unorganized, disadvan
taged masses, which grew spectacularly. 

The tensions were accentuated when 
the hopes and demands of the recently 
evolved middle classes for more income 
and services (particularly educational) 
were threatened because the state was 
unwilling to touch big capital and un
able to further impoverish the disadvan
taged population. Thus was generated 
the most severe political and ideological 
crisis ever to affect the Mexican state. 

This crisis began in 1966, when the 
government was following an econom
ic policy that favored business inter
ests and adversely affected thc! middle 
classes. Public investments diminished 
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from 13.1 to 6 percent of the G.N.P. 
while the state-owned enterprises trans
ferred a growing amount of resources to 
the private sector. The government also 
levied extremely low taxes, far lower 
than those of any developed country. 

These policies gave rise to increasing
ly higher public deficits. At the same 
time inflation almost doubled while the 
prices of agricultural products for do
mestic consumption were frozen. The 
people most affected were the worker
owners of the countryside, particularly 
the poorest ones. 

A year after the change of govern
ment in 1970, when Luis Echeverria Al
varez became president, the policy was 
modified and the real income and ex
penses of the middle classes and the 
minimum-wage earners rose considera
bly. Since other factors were left un
changed, an unprecedentedly severe in
flation set in. The rise in the price index 
increased from 3.3 percent in 1970-72 
to 22 percent in 1976. External indebt
edness increased further. International 
inflation, speculation, hoarding, high 
profits with lower levels of production 
and demand, together with the grow
ing economic weakness of the state, in
creased the concentration of capital and 
income while decreasing consumption. 
Unemployment and underemployment 
rose to extreme levels. 

In 1976 inflation continued. Just be
fore the government changed, with the 
external debt reaching critical levels, a 
devaluation of the currency was hinted 
at, with a flight of capital resulting. On 
August 31, 1976, the peso was devalued 
almost 100 percent after having main
tained parity with the dollar for 20 
years. As was to be expected, the de
valuation enhanced the inequality of in
come distribution among Mexicans. It 
increased the cost of imported compo
nents of production to the detriment of 
small and medium-size firms and to the 
advantage of the monopolistic and mul
tinational corporations. 

The rediscovery of oil, that is, the rec
ognition that Mexico has far larger re
serves of petroleum than had previously 
been thought, renewed the strength of 
the government. It put forward a plan 
for the development of the economy 
with a larger emphasis on investments 
that would create jobs and more agricul
tural products for the domestic market. 
By last year it was apparent that the cri
sis would be resolved. Starting in 1978 
the growth rates of public and private 
investment rose to 19 and 13 percent 
respectively in real terms. In 1979 both 
increased by 18 percent. The trade bal
ance improved, mostly because of ex
ports of petroleum and manufactured 
goods, which rose by 16.5 percent. Em
ployment grew more than the popula
tion. The G.N.P., which in 1976 had in
creased by only 2.1 percent, rose by 7 
percent in 1978 and 8 percent in 1979. 

From 1978 to 1979, however, the av-

erage real wage decreased by 2.4 per
cent, currency in circulation increased 
by 35 percent and the consumer price 
index rose by 20 percent. There were 
other limitations to the country's recov
ery. Although organized labor began to 
obtain significant wage increases, most 
of the population still suffered from the 
high rate of inflation. Exports increased 
by 43 percent while imports rose by 48.5 
percent, mainly because more foods and 
capital goods were being imported. The 
negative balance of payments almost 
doubled ($2.3 billion in 1978, $4.2 bil
lion in 1979). 

Recovery accompanied by inflation 
created contradictory effects. The state's 
power was undeniably enhanced, as was 
its ability to grant concessions to the or
ganized sectors of society. Inflation also 
made evident, however, the need to pre
vent Mexico from becoming merely an 
oil-producing country, thereby making 
the nation more dependent and bolster
ing the profits of monopolistic and pri
vate capital. 

Today the crisis of the Mexican ec
onomic model continues within a 

broader crisis of capitalism both nation
ally and internationally. In Mexico the 
crisis seems to have been skillfully de
flected from its more serious tendencies 
toward disorder, although once again 
the cost is paid by the poorest sectors of 
the economy. 

In concrete terms a confrontation is 
taking place between two policies, nei
ther of which calls for an end to the 
capitalist-monopolist system, at least 
not at the moment. One policy proposes 
a democratic, liberal and national mod
el coupled with increasing intervention 
by the state. The other wants to keep the 
present system. 

The first policy encompasses forces 
that are powerful but deeply divided. 
They could reorganize the country only 
through the unified and increasingly 
democratic action of the mass of the 
population. It would also be necessary 
to fashion new policies whereby indus
trial workers and their unions would 
formulate measures of national scope 
that transcended the interests of labor. 

The revolutionary and more radical 
organized forces almost unanimously 
accept a policy of transition that does 
not attempt to impose socialism now. It 
seeks to broaden the social and demo
cratic basis of the political parties and 
the trade unions while using the coun
try's petroleum resources for a new poli
cy of social and industrial development. 
In the midst of a worldwide political 
and economic crisis affecting capitalism 
Mexico seems to be one of the stabler 
countries. Only an act of intervention, 
which presumably could only be fos
tered by jingoist groups in the U.S., can 
alter Mexico's course. Such a move 
would surely solidify the nationalist and 
revolutionary forces in Mexico. 
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The World Economy 
of the Year 2000 

The first input-output model of the world economy suggests how 

a system of in tern a tional economic relations that features a partial 

disarmament could narrow the gap between the rich and the poor 

T
he term "world economy" (WeIT
wirtschaft) first appeared in Ger
many on the eve of World War I, 

when Kaiser Wilhelm II was preparing 
to challenge the political and econom
ic domination of the British Empire. It 
was at about the same time that the Ger
man economist Bernhard Harms, with 
the backing of Germany's newly creat
ed steel and heavy-chemical industries, 
founded the Institute for World Eco
nomics in Kiel, the first large institution 
devoted to economic research on a glob
al scale. These two signs of impending 
change proved to be reliable. Over the 
next 60 years Germany would lose two 
wars, Britain would lose its empire and 
the notion of a world composed of self
sufficient, autonomous national econo
mies would recede into the realm of 
conventional abstractions. 

A dramatic demonstration of the de
gree of global interdependence that ex
ists today is provided by the current "oil 
crisis," whose direct and indirect effects 
are felt in the farthest corners of five 
continents. The world economy has be
come a tangible reality, and at the pres
ent time its dominant feature is the gap 
in income (and thus standard of living) 
between the poorer, less developed 
countries of the world and the richer, 
highly industrialized ones. In this article 
I shall discuss the prospects for acceler
ating the rate of growth of the less devel
oped countries of the world under some 
of the most frequently proposed scenar
ios for world economic development. 

In 1973, to provide a quantitative ba
sis for such an investigation, the United 
Nations, with special financial support 

by Wassily W. Leontief 

from the Netherlands, commissioned 
the construction of a general-purpose 
model of the world economy . .To trans
form the vast collection of microeco
nomic facts that describe the world 
economy into an organized system from 
which macroeconomic projections of 
future growth could be made the model 
was to rely on the method of input-out
put, or interindustry, analysis. The in
put-output method depicts the structure 
of an economy in terms of the flows 
among its producing and consuming 
sectors, real transfers of goods and serv
ices. Such transfers can be displayed in 
a statistical input-output table for the 
economy. This table in turn gives rise 
to a set of structural equations whose 
simultaneous solution provides a nu
merical picture of a possible future state 
of the economy. In order to generate 
such a projection from the input-output 
model it is necessary to make a certain 
number of assumptions about some of 
the factors that will determine the pace 
and the shape of the economy's future 
growth, that is, some of the variables 
in the set of equations must be fixed. 
Hence by trying different assumptions it 
is possible to project a series of alterna· 
tive paths for the development of the 
economy. In this way input-output anal
ysis provides a means of taking the 
quantitative measure of hopes and plans 
for the future. 

I n the nearly 50 years since the input
output method was first introduced 

its practical applications have prolifer
ated, and it has become a standard tool 
for investigating the economic structure 

TECHNOLOGICAL INNOVATION plays a key role in the economic developm ent of na
tions hy creating what are essentially new resources. An example is the reclaim ed arahle land 
visible as a pattern of hexagonally close-packed red dots in the false-color Landsat image on 
the opposite page, which shows a desert area near the Oases of Kufra in Libya. Dots are circu
lar fields of crops grown under center-pivot irrigation. Each dot is almost a mile in diam eter. 

of countries and of smaller systems such 
as states, cities and even corporations. 
The compilation of national input-out
put tables has become part of the official 
statistical program of all the developed 
countries and many of the less devel
oped ones. By 1973, when the construc
tion of the world model was begun, 
there were input-output tables for more 
than 60 countries, several of which (in
cluding the U.S., Japan and Norway) 
were publishing their own tables at regu
lar intervals. 

A national input-output table de
scribes the web of technologically deter
mined interindustry relations that con
stitute the economic fabric of a country. 
Naturally many of the threads of the 
fabric (the quantities of goods produced 
or the services provided) cross geo
graphic borders and are woven into the 
fabric of another country, but until re
cently such threads had always been left 
hanging loose. No attempt was made to 
tie the various national tables together, 
an omission that not only prevented the 
systematic application of the input-out
put method to investigating the struc
ture of international economic relations 
but also introduced an element of uncer
tainty into the study of national eco
nomics. This problem is solved in the 
input-output model of the world econo
my in a simple way: the world is visual
ized as consisting of 15 distinct geo
graphic regions, each one described by 
an individual input-output table, and 
these tables are then linked by a network 
of interregional commodity flows. 

Even though the overall design of this 
multiregional model-the first input
output model of the world economy-is 
simple, constructing it was complex. To 
begin with, the results of information
gathering efforts throughout the world 
had to be combined to create a detailed 
picture of the input-output structure of 
each regional economy in 1970 (the 
model's designated base year). The re-
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sulting arrays then had to be arranged in 
a single vast data bank and stored in a 
computer. (Some national input-output 
tables are so large that they cannot be 
printed out.) Finally, complex comput
er programs had to be written to imple
ment the model, that is, the structural 
information contained in the data bank 
had to be transformed into an appropri
ate system of equations and then the 
e quations had to be solved simulta
neously in o

-
rder to obtain projections of 

future development. 
In 1978 a set of detailed projections 

made using the multiregional input-out
put model appeared under the title The 
Future a/the World Economy. These pro
jections, all of which begin with the base 
year 1970, provide comprehensive de
scriptions of the state of each of the 15 
regions in the world model and the rela
tions among them for the benchmark 
years 1980, 1990 and 2000. The division 
of the world into 15 geographic regions 
with a reasonable degree of economic 
homogeneity was achieved by first rank-

ing all the countries of the world in de
creasing order of their average annual 
per capita income and then grouping 
those that seemed to be at about the 
same stage of economic development 
and to have a comparable endowment 
of natural resources .  

For the purpose of presenting and in
terpreting the results of global economic 
projections carried out in regional detail 
it was convenient to further group the 15 
regions into three main categories: the 
developed regions, the resource-rich less 
developed regions and the resource
poor less developed regions. In 1970 the 
developed regions of the world, includ
ing (in decreasing order of their average 
annual per capita income) North Amer
ica, Oceania (mainly Australia and New 
Zealand), Western Europe, Japan, the 
U.S.S.R.,  Eastern Europe (other than 
the U.S.S.R.) ,  South Africa and Medi
terranean Europe, had a total pop ula
tion of 1 . 1 0 8  billion and an average per 
capita income of $2, 5 3 4. The resource
rich less developed regions, including 

low-income Latin America and the oil
producing states of the M iddle East 
and tropical Africa, had a total popu
lation of 358 million and an average 
income of $278. The resource-poor less 
developed regions, including medium
income Latin America, arid Africa, the 
centrally planned nations of Asia and 
low-income Asia, had a total population 
of 2 . 154 billion and an average income 
of $ 186 [see illustration below]. 

What are the objective possibilities of 
closing the gap between the income that 
can be expected in a developed country 
and the income that can be expected in a 
less developed country poor in natural 
resources? Can such growth be achieved 
under the current policies regulating 
credit and trade balances among na
tions? Could a radical revision of those 
policies serve to accelerate the growth 
of the poorer less developed nations? 
And what effect could an internation
al agreement to limit military spending 
have on the income gap? The multire
gional input-output model, whose pro-

WORLD MAP shows how the nations of the world can be divided 
into three economic categories: developed (dark color), resource-rich 
less developed (gray) and resource-poor less developed (light color). 
For the purpose of projecting future economic developm ent the in
put-output model of the world economy analyzes 15 homogeneous 

regions that make up these categories. In 1970, the model's base 
year, the eight regions classified as developed, with 31 percent of 
the world population, had an average annual per capita income of 
$2,534. Three resource-rich less developed regions, with 10 percent 
of the population, had an average income of $278. Four resource-
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jections are grounded in the real data of 
the world economy, provides a reliable 
means of exploring these questions (and 
many others). To understand how the 
projections are made it is necessary to 
consider the structure and workings of 
the model in more detail, and so I shall 
explain how input-output analysis is ap
plied to an economic system. 

The input-output method analyzes an 
economy in terms of its production 

and consumption of goods and services. 
The total output of each of the goods 
and services produced and consumed in 
a particular national economy is divided 
among the "final users," such as con
sumers and governments (which con
sume commodities directly), and the 
various producing sectors of the econo
my (which consume commodities indi
rectly, as inputs to their respective in
dustrial or agricultural processes). The 
total dollar value of all the goods and 
services delivered to final users is· the 
gross national product. The magnitude 

. '.� 

'" -'. 
o· 

" '. 

• :t 

poor less developed regions, with S9 percent 
of population, had average income of $186. 
In the model- each region is described by an 
Input-output table, and tables are linked by 
a network of interregional commodity flows. 

PUSSYCAT AT 300' WITH THE QUESTAR 700 
It is sound practice to keep a fair amount of distance between you and this 
photogenic fellow, and with a Questar 700 you can get his "good side" at any 
range. Ralph and Doris Davis, who have given us such great photographs of 
the moon, and last year did our detailed studies of the heads at Mount 
Rushmore, recently took some beautiful shots of the tigers at Busch 
Gardens in Tampa, including the one above. They told us it was pure delight 
to watch the antics of these magnificent beasts on their moat-protected 
island. It was particularly astonishing to see them playing in the water, 
where they would duck each others' heads under, just like a bunch of 
youngsters horsing around in the old swimming hole. 

The reproduction above is a portion of an enlargement from 35 mm. Plus X. 
Distance 300 feet. Speed 1/125 second. One thing is certain: the Questar 700 
is no pussycat when it comes to going after that sharp detail you've set your 
sights on. It's a tiges! 

Why don't you try the Questar 700 for photographs at distances you can't 
reach otherwise-with its resolving power not possible with other telephoto 
lenses, focused with a single tum of the focusing ring from infinity to 10 feet, 
and with guaranteed optical perfection and flatness of field from film edge to 
film edge, a performance that no other lens can match. 

The Questar 700, shown at left, 
adapts to all SLR cameras. 
Literature free on request. 
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MATRIX OF INTERINDUSTRY FLOWS 
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� Industry number 4 5 

Livestock and livestock products _____________ 11,316 870 188 

Agricultural crops -------------------------- 10,088 1,129 52 

Forestry and fishery products ________________ 1 1  

Agricultural, forestry and fishery services ______ 1.222 1,289 49 106 

Iron and ferroalloy ores mining _______________ 24 

Nonferrous metal ores mining _______________ 3 

Coal mining _______________________________ 4 

Cnx::le petroleum and flatural gas ____________ 
Stone and clay mining and quarrying _________ 88 6 

10 Chemical and fertilizer mineral mining ________ 46 

11 Maintenance and repair construction _________ 224 304 55 33 

12 Ordnance and accessories -----------------
13 Food and kindred products __________________ 5,324 46 26 

14 Tobacco manufacturers _____________________ 
15 Broad and narrow fabrics, yarn and thread mills 1 0  

16 Miscellaneous textile goods and floor coverings 13 54 52 43 

17 Apparel -----------------------------------
18 Miscellaneous fabricated textile products ______ 19 23 13 

19 Lumber and wood products except containers _ 3 

20 Wood containers ___________________________ 121 17 

INPUT-OUTPUT FLOW TABLE, which provides the statistical 
basis for input-output analysis, depicts all the real transfers of goods 
and services within a particular economy over a given period of time. 
As is shown in the diagram at the top, the bulk of a flow table is taken 
up by the "matrix of interindustry flows," in which the entries in each 
row describe the way the output of tbe sector corresponding to that 
row is distributed to all the producing sectors of the economy (includ
ing that sector itself). For example, in the flow table whose four cor
ners are shown at the bottom the interindustry structure of the U.S. 
economy is described in terms of the flows among 79 producing sec
tors. (In this table, whicb was compiled for 1972, all entries repre
sent millions of fixed 1972 dollars, and asterisks indicate transac
tions valued at less tban $500,000.) Section at the upper right of a 
flow table lists the deliveries of the output of each sector to final us
ers, or those that consume commodities directly instead of as inputs 
to the production of other commodities. In the U.S. table these "final 
deliveries" go to satisfy such demands as personal consumption, gov
ernment purchases, exports and imports (which, since they reduce 
tbe aggrt!gate domestic demand for a commodity to be satisfied by 
domestic production, must be entered in the table as negative values). 
Just as the distribution of the output of any sector can be read across 
the corresponding row of tbe flow table, so tbe combination of inputs 
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3,361 
1,775 
2,466 
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1,454 111 -259 4 

4,580 4,783 -830 -982 

848 105 -1,152 -533 
125 19 -2 14 

102 -619 -25 

199 32 -414 -7 
125 496 -1 48 
53 1 -2,783 

5 90 -179 -2 
3 79 -96 -2 

6 2,079 
457 80 325 -81 5,742 

73,276 2,862 -4,857 310 
6,087 839 -71 

839 432 -895 26 
1,513 608 158 -586 16 
22,563 260 -2,638 131 

2,775 103 -134 145 
384 5 850 -2,073 30 
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1,381 
7,920 
-725 

205 
-542 
-190 

690 

-2,709 
-135 

33 
9,422 
6,539 
73,820 

6,854 

260 
1,708 
20,388 

2,938 

-777 
12 
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43,339 
35,080 

1,971 

3,588 
1,233 

2,276 
5,439 
16,730 
2,911 
492 
38,417 

6,938 
120,622 

9,231 

17,210 
6,099 
30,165 

5,762 

21,847 
458 

1,182,766 

717,663 

110,981 

354,122 

738,072 181,931 72,794 -76,199 102,126 150,693 1,182,766 ________ _ 
that a sector requires for the production of its particular commodity 
or service can be read down the corresponding column. Tbe section 
at the lower left of a flow table lists those inputs that are not account
ed for by interindustry flows. In the U.S. table these inputs include 
wages, taxes and rents, and they can be summed to obtain the "value 
added" to the commodity produced by a sector. The deliveries made 
to final users can be summed to obtain the final demand for each 
commodity, a quantity whose dollar value represents the contribu. 
tion of the corresponding sector to the gross national product of the 
economy. In input-output analysis the total final demand for the out. 
put of each sector, which appears in the next to last column of the U.S. 
flow table, accounts not only for allocations to current private and 
public forms of consumption but also for additions made to the stocks 
of various components of fixed and working capital such as equip
ment and buildings. An input-output table of this type is balanced in 
tbe sense that the total output of each sector (which appears in the 
last column of the U.S. table) is equal to the sum of all its interindus
try and final-use deliveries and also to the sum of all its interindustry 
inputs and its value added (which appears in the bottom row). The 
"balancing entries" that appear in the section at tbe lower right of a 
flow table depict the equilibrium between income and spending in the 
economy whose interindustry transactions are described by the table. 
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of the interindustry transactions in an 
economy obviously plays a large part in 
determining the levels of income and 
consumption within the economy. One 
important advantage of input-output 
analysis is that these transactions are 
brought into the model of the economy 
through the system of linear equations 
(eq uations with variables to the first 
power only) that serve to describe it. 

In a system of input-output equations 
the variables represent unknown quanti
ties that describe a particular state of the 
economy and the coefficients reflect the 
interdependence of the various produc
ing sectors of the economy. These struc
tural coefficients must be determined 
empirically, and they are generally de
rived from the numerical matrix-the 
inp ut-output table-that describes the 
flow of goods and services within the 
economy over a given period of time. 
Each row in an input-output table shows 
the deliveries made by the sector associ
ated with that row to all the different 
sectors in the economy (including itself) 
and to all the final users [see illustration 
on opposite page]. 

In the basic format of an input-out
put table the list of major producing 
sectors of an economy appears twice, 
once along the top of the matrix and 
again along the left-hand side, creating a 
square array of interindustry flows that 
is the bulk of the table. In other words, 
the figure that appears in row i, columnj 
of this part of the table represents the 
part of Sector i's total output that is de
livered as input to Sector j. The deliver
ies to final users, which include private 
households, government, exports, im
ports and investments in new productive 
capacity (that is, additions to the exist
ing supplies of machinery, buildings and 
materials), are entered in the last col
umns of the matrix. And the last rows 
present the inputs that are not accounted 
for by intersectoral flows, including the 
cost of labor, interest payments, rents, 
taxes and so on. For each sector these 
last inputs can be summed to obtain the 
"value added" by that sector to the raw 
materials, energy and all other interme
diate inputs rece ived or purchased from 
the other sectors of the economy. Simi
larly, the last deliveries for each sector, 
or those parts of its output that go to 
final users, can be viewed as components 
of the "final demand" for the commodi
ty the sector prod uces. 

(All the commodity transfers shown 
in an input-output table involve physi
cal quantities such as bushels of grain or 
tons of steel. In most cases, because of 
the absence of information about such 
physical quantities, the various inputs 
and outputs in the table are described in 
terms of their "fixed dollar" value. The 
advantage of expressing flows in this 
way can be seen by comparing two in
put-output tables for the same economy 
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A ward- winning 
tips from Kodak 

Send for Kodak's free science fair 
kit. It can help put you in the blue rib
bon circle. Because it shows how to use 
photography for standout projects. Learn 
how to photograph before-and-after se
quences, growth progress, backgrounds, 
close-ups, and much more. 
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343 State Street, Rochester, NY 14650. 
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in different years. Suppose an examina
tion of the tables reveals that the cost of 
the copper required to produce $1 mil
lion worth of television sets increased 
from $10,000 to $15,000 in the time that 
elapsed between the construction of the 
two tables. This change might be due at 
least in part to changes in the price of 
television sets or changes in the price of 
copper or both. If in both tables both the 
inputs and the outputs are measured in 
fixed prices, however, then the change in 
the cost of the required copper repre
sents a real change in the input-output 
balance of the television-producing sec
tor, one that arises from a real change in 
the technology.) 

An input-output matrix of the type 
described above is called a flow table, 
and it is not hard to see that such a table 
is balanced in the sense that the total 
output of each sector is accounted for 
by the sum of all its interindustry and 
final-use deliveries and by the sum of all 
its interindustry inputs and its value 
added. And summing either the final de
mand for each sector's output or the val
ue added to each sector's inputs over 
all the sectors yields the G.N.P. (It is 
important to note that imports, which 
reduce the aggregate demand for a com
modity to be satisfied by domestic pro
duction, must be entered as negative 
quantities if the table is to balance.) 

Hence in the schematic picture of an 

I E 
� 

economy presented by the input-out
put flow table the allocation of all the 
goods and services generated by the 
economy (including the distribution of 
all the primary resources such as oil, 
ores and labor) is revealed when the ta
ble is examined row by row. The funda
mental technological relations that con
trol the transfer of goods and services 
within the economy, on the other hand, 
become apparent when the table is ex
amined column by column. These struc
tural relations are even more clearly 
revealed if the information in the flow 
table is recast by dividing the output de
livered from one sector to another by 
the total output of the sector receiving 
the input. In this way a matrix of input 
coefficients is created in which the entry 
in row i. column j represents the part of 
the output of Sector i that is absorbed by 
Sector j for each unit of Sector j's total 
output. Thus the set of coefficients con
tained in each column of the new matrix 
is equivalent to the recipe followed by 
the sector associated with that column 
in the production of its particular com
modity. Indeed, multiplying the total 
output of the sector by each of these 
input coefficients in turn reproduces the 
corresponding column of the flow table: 
the set of input flows the sector had to 
receive from other sectors in order to 
produce the total output. 

The combination of the various in-
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Industry number 

Livestock and livestock products ______________________ _ 
Agricultural crops ___________________________________ . 
Forestry and fishery products _________________________ _ 
Agricultural, forestry and fishery services _______________ _ 
Iron and ferroatloy ores mining ________________________ _ 

6 Nonferrous metal ores mining ________________________ _ 

7 Coal mining ________________________________________ _ 
8 Crude petroleum and natural gas _____________________ _ 
9 Stone and clay mining and quarrying __________________ _ 

10 Chemical and fertilizer mineral mining _________________ _ 

11 Maintenance and repair construction __________________ _ 
12 Ordnance and accessories ___________________________ _ 
13 Food and kindred products ___________________________ _ 
14 Tobacco manufactures _______________________________ _ 
15 Broad and narrow fabrics, yarn and thread mills ________ _ 
16 Miscellaneous textile goods and floor coverings _________ _ 
17 Apparel ____________________________________________ _ 
18 Miscellaneous fabricated textile products _______________ _ 
19 Lumber and wood products except containers __________ _ 
20 Wood containers ____________________________________ _ 

'Ib!aI value added _________ ____ _ __ �_. __ _ 
� 01 � __________ •• _____ • 
tndlrect business taxes _____________ •• ___ .--_ 

ProperIy-Iype Income _ ... _______ •• __ _ _ __ 
T 'Ib!aI ____ _ .... 

0.26110 0.02481 

.23277 .03218 

.02821 .03673 

.00002 

.00001 .00251 

.00130 

.00517 .00867 

.12284 .00003 

.00001 .00001 

.00027 

.00030 .00154 

.00055 

.00013 .00009 

.00002 .00345 

.22066 .5!1872 
.Q4278 .()7285 
.01833 01997 
.1S857 MS89 
1.00000 1.00000 

0.05278 

.01444 

0.00467 .00294 

.02502 .02959 

.00034 

.01534 

.00003 

.02855 .00729 

.00005 .00011 

.02649 .01195 

.01142 .00367 

.00468 

.&4213 .-
.20020 .36031 
.02979 J1'JI'1I'I 
.41274 .10520 
1.00000 1.00000 

5 

0.01972 

.00268 

.00357 

.00511 

.02637 

.00008 

.00008 

.00203 

TECHNICAL-COEFFICIENT TABLE, derived from the input-output flow table for a par
ticular economy, reveals the economy's internal structure. As is shown by these sections of the 
1972 technical-coefficient table of the U.S. economy, each entry in this type of table is the ra
tio between an input to a particular sector and the total output that sector produces. Thus each 
column in the matrix displays the combination of inputs that the corresponding sector requires 
to be able to produce one unit of output, a recipe that is essentially governed by technology. 
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puts a particular sector needs in order 
to produce its total output is governed 
essentially by technical considerations, 
and so the matrix of input coefficients is 
called a structural, or technical-coeffi
cient, input-output table. It is the coeffi
cients in this structural matrix that give 
rise to the system of linear equations 
that are the core of the input-output 
model of the economy, the equations 
that describe the balanced relations be
tween the levels of output in all the pro
ductive sectors of the economy and the 
quantities of their respective products 
delivered to final users. 

In the condensed notation of matrix· 
algebra the system of equations can be 
expressed in the form x - Ax = Y. where 
A is the square interindustry section of 
the technical-coefficient matrix, x is the 
column vector, or one-dimensional ma
trix, that lists the total output of each of 
the producing sectors of the economy 
and y is the column vector that lists the 
part of each sector's total output deliv
ered to final users. Thus Ax describes 
the contributions made by the various 
sectors to fulfilling the intersectoral in
put requirements of the economy, and 
so the equation x - Ax = y conveys the 
fact that an economy's G.N.P. (y) de
pends on the difference between its total 
output (x) and its interindustry transac
tions (Ax). (A description of the matrix 
arithmetic by which the simple equa
tion x - Ax = y is converted into the 
large system of linear equations that de
scribe in detail the interrelations of the 
various sectors of the economy is pro
vided in the illustration on page 216.) 

The power of input-output analysis 
lies in the fact that the equation 
x - Ax = y. or rather the system of lin
ear equations it implies, can be applied 
in a variety of ways, depending on whiCh 
variables are fixed and which are consid
ered unknown quantities. For example, 
an economist, knowing the limited pro
duction capacity of the economic sys
tem described by A. might want to con
sider the vector x (or at least some of its 
entries) as being given and solve the 
equation for the vector y to project 
the maximum G.N.P. the system can 
achieve. Another analyst, seeking to de
termine the implications of.a change in 
government purchases or consumers' 
demand on the economy described by A. 
might assign values to y and solve the 
equation for x. in other words, project 
the amount of output from each sector 
needed to attain the desired G.N.P. 

Besides explaining the physical flows 
of inputs and outputs in a particular 
economy, the input-output system de
scribed above also serves to clarify the 
relation between prices and costs in the 
economy. A vector of technical coeffi
cients that describes, say, the amounts of 
ore, coke, flux, labor and other inputs 
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Attractive wood-grain 
unit adds to any decor 
and will T ime Control 
your entire home. 
Measures: 51,.4"x51f." 
x31/8" 

In the fall of 1978, an English company, 
BSR Electronics introduced a remarkable 
new product, the X·10 Space Controller. 
The X·10 allowed you to page up to 16 ap· 
pliances and lights throughout your house 
remotely from any location. It was an 
instant success and rightly so. But the 
most vital part of the system was still in 
development. Not any more - 'with Time 
Control -the system is complete. 

Now you can turn your lights or ap· 
pliances on and off anytime, even when 
you're on vacation. It can program your TV 
or radio to wake you and start your coffee 
all before you get out of bed every day. 
These are just a few of many things that 
Time Control does to increase your securi· 
ty and convenience. It can do much more! 

IT'S REALLY QUITE SIMPLE 
BSR's X·10 Space Controller is really 

quite simple. It's made up of a central 
transmitter and receivers, all of which are 
plugged into your 110 volt wall sockets. 
You press a number on the calculator·type 
keyboard of the central control and an 
electronic signal is transmitted through 
your existing house wiring to remote 
mOdules in which lamps and appliances 
are plugged. 

Simple plug·in 
modules. No wiring 
required. Operates 
over existing in
house wiring. 

Outside or overhead lights are controll· 
ed by installing a wall switch module that 
also receives commands from the central 
controller. Each remote module has a 
numbered thumb dial. The digital con· 
troller activates only those modules set to 
the desired number. You can control one or 
up to 16 modules with the system. Time 
Control adds the missing dimension to 
Space Control. 

NOW THERE IS TIME CONTROL 
Time Control consists of a computer 

memory and digital clock. You can now 
program the exact time you want a light or 
appliance to turn on or off. One mode 
allows you to even produce a random pat· 
tern automatically to make your home ap· 
pear occupied when you're away. 

SPACE AGE ROBOT 
Time Control is your own space age 

robot with four·in·one modes for up to 16 
separate functions in your home. Time 
Control will add conveniences and it may 
save you thousands of dollars when you're 
not at home. 
• Security Mode is used primarily when 
you're away either one day or the entire 
summer. Selected lights and appliances 

TIME 
CONTROL 
Now, a new computer development lets 
you control and time your entire home 
even when you're 1,000 miles away! 

are sequenced on and off to give that lived· 
in appearance. First, a light in one room 
and then another, a radio in a third, plus 
the den TV, all can be programmed to fool 
any would·be burglar "casing" your home. 
You just select the lights or appliances 
and the times you want each to be on. Time 
Control can be programmed in minutes us· 
ing the calculator type keyboard. One 
avoided robbery and Time Control pays for 
itself many fold. Think of the increased 
peace of mind. 

Easy to program Time Control keyboard times 
lamps, appliances and even outside or overhead 
lighls. 

• Daily Timer Select any one or all of 8 
modules to time daily, then set in any time 
you want each to turn on and then off. Pro· 
gram your TV or radio to come on to wake 
you each morning. Turn the outside lights 
on at 7:00 p.m. and off at 6:30 a.m. Timed to 
the exact minute of each day automatical· 
Iy. Turn your coffee pot on each morning 
and shower while your coffee is brewing. 
Your life may never be the same again. 
• Quartz Clock Digital Quartz accuracy in 
an attractive wood·grain finish. Attractive 
enough to add to the decor of any room. 
Accuracy unsurpassed by expensive 
chronometers costing $200 or more. With 
large easy to read green numbers. May be 
worth the price of the unit for this feature 
alone. 
• Panic Button This bonus feature allows 
you to turn on all of your lights from your 
bedside to frighten away peeping toms or 
intruders. Further peace of mind when 
you're away and your spouse is home 
alone. 

NO WIRES NEEDED 
One of the nice features of time control is 

that no wires are required. All appliances 
and lamp modules simply plug into your 
wall sockets. For outside or overhead light 
control, you merely change your existing 
light switch with BSR's wall switch module. 
Time Control takes it from there. 

BUILD YOUR OWN PERSONAL SYSTEM 
If you already have a BSR X·10 Space 

Controller, all you may need is the timer at 
$74.99. If not, we recommend a starter kit 
at $119.95 consisting of the timer, two 
lamp modules and one appliance module. 
You save $6. We sell all BSR X·10 Ac· 
cessories so you can add additional 
mOdules as you need them to Time Control 
your entire home. 

� 

WARRANTED FOR ONE FULL YEAR 
Time Control is an all solid state unit. It 

should provide you with many years of 
trouble·free service. If in the unlikely event 
anything should go wrong during one full 
year, it is factory warranted by a sizable 
company, BSR. 

HURRY! QUANTITIES ARE LIMITED 
When we were given the opportunity to 

introduce Time Control in this country, we 
jumped at the chance. We also knew quan· 
tites would be limited this year. BSR has 
set aside quantities of Time Controls for 
us. But there may not be enough. So to be 
assured of being one of the first to get your 
Time Control-Don't wait. order now! 

TO ORDER your Time Control 
Simply fill out the coupon and send it 
along with check or money order to the ad· 
dress below. For even faster service credit 
card customers can call: Toll Free 
1·800·527·7066; in Texas call collect: 
1·214·349·3120 
1- r:1E()UT r:1RRKET�r.i[-' I 10155·9 Plano Road. Dallas. TX 75238 

• YES! Send me __ Timer(s) only at $74.99. 
add $2.50 shipping, handling & insurance. 
• Save $6.00. Send me __ Time Control 

Kit(s) at $119.95 (includes 1 timer, 2 lamp, 
and 1 appliance module). Add $3.50 shipp· 
ing, handling & insurance. 
• Send me the following modules. Add $1.00 

shipping & handling. 

___ Lamp Modules at $15.99 

___ Appliance Modules at $15.99 

___ Wall Switch Module at $17.99 

Texas residents add 5% sales tax. 

Ask for other BSR X·10 Accessory Prices 
Name ____________ __ 

Address ____________ _ 

City ______________ _ 

State ___ Zip ________ _ 

o Check or money order enclosed. 

nCharge to: DMastercharge []Visa 

Accl. # ___________ _ 
Expires ___________ _ 

Signature __________ _ 

Order Toll Free: 1·800·527·7066 
In Texas Call: 1·214·349·3120 coliect 
L��980 ________ SA�..J 
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that are req uired to prod uce a ton of 
steel can be employed to set up an equa
tion describing the necessarily balanced 
relations between the prices of all these 
ingredients and the price of steel. More 
precisely, the price of steel must be 
equal to the combined costs of all the 
inputs plus the normal profit the steel 
industry must earn per unit of its output. 
Without going into further detail, it is 
important to point out that in parallel to 
the system of equations representing the 
balance and therefore the interdepen
dence among all the commodity flows in 
an economy a "dual" system of price
cost equations can be formulated, de
scribing the balance between the costs 
and the prices of all the goods and serv
ices produced and consumed through
out the economy. The same large, 
square matrix of technical coefficients 
appears in both systems of equations, 
although it enters into the two in some
what different ways. 

tors devoted to "Utilities," "Construc
tion," "Transportation," "Communica
tions" and other service activities such 
as medical care, education, repairs and 
trade. And inputs of nine minerals, in
cluding five mctals and four types of 
fuel, are also treated. 

The multiregional inp ut-output mod
el of the world economy consists of 
15 technical-coefficient tables of the 
type I have described here. Each re
gion is visualized as a set of 48  sec
tors of economic activity that include 
four different agricultural sectors (in
cluding "Livestock products," "Grain," 
"High-protein crops" and "Roots") and 
22 manufacturing sectors (including 
"Food processing," "Textiles," "Fertiliz
er" and various types of machinery and 
equipment). There are individ ual sec-

Long before the construction of a 
world model was undertaken input-out
put analysis had been extended into ar
eas generally considered to be outside 
the network of conventional economic 
transactions. For cxample, to reach out 
into the area of environmental protec
tion it is 

'
only necessary to include in the 

basic structural matrix of an economy 
additional rows of technical coefficients 
describing either appropriate pollution
abatement technologies or pollutants 
(say the amount of particulate matter 
released into the air by a blast furnace 
per ton of pig iron produced or the 
amount of dirty water released into a 
river by a steel plant per ton of steel 
produced). Included in the description 
of the economic activities of each of 
the 15 regions in the world model are 
five types of pollution-abatement activi
ty and the emission of eight major types 
of pollutants. 

In addition to describing the flows of 
current inputs to each sector of a partic
ular region the world model describes 
the degree to which each sector relies on 
existing "stocks" of buildings, machin
ery, auxil iary equipment, raw materials 
and finished and partly finished prod
ucts. Economic growth involves a rise 

Industry number 

Livestock and livestock products ________________________ 1 .45776 

2 Agricultural crops ______________________________________ .36926 

3 Forestry and fishery products ___________________________ .00203 

4 Agricultural, forestry and fishery services ________________ .05760 

5 Iron and ferroalloy ores mining _________________________ .00063 

6 Nonferrous metal ores mining _____________________ _____ .00090 

7 Coal mining ___________________________________________ .00251 

8 Crude petroleum and natural gas _________ ._____________ .01624 

9 Stone and clay mining and quarrying ___________________ .00194 

10 Chemical and fertilizer mineral mining ___________________ .00118 

11 Maintenance and repair construction ____________________ .02547 

12 Ordnance and accessories ____________________________ .00003 

13 Food and kindred products _____________________________ .22235 

14 Tobacco manufactures _________________________________ .00010 

15 Broad and narrow fabrics, yarn and thread mills _________ .00230 

16 Miscellaneous textile goods and floor coverings __________ .00262 

17 Apparel _______________________________________________ .00049 

18 Miscellaneous fabricated textile products ____________ ____ .00087 

19 Lumber and wood products except containers ___________ .00463 

20 Wood containers ______________________________________ .00t72 

0.04320 

1 .04669 

.00065 

.04167 

.00061 

.00134 

.00226 

.02317 

.00400 

.00284 

.02522 

.00003 

.01087 

.00007 

.00252 

.00300 

.00034 

.00101 

.00479 

.00375 

3 4 

0.Ot 794 0.t 0723 

.Ot 665 .06t82 

t .00493 .00363 

.02585 1 . 03749 

.00123 .00070 

.00140 .001 11 

.00160 .00244 

.01686 .01950 

.00067 .00185 

.00041 .00093 

.00875 .02886 

.00003 .00007 

. 03972 .03916 

.00012 .00021 

.01588 .00764 

.02839 .01329 

.00101 .00085 

.01 100 .00409 

.00523 .00778 

.00026 .00488 

0.00131 

.001 19 

.00067 

.00122 

1 .02225 

.01340 

.01091 

.01784 

.00651 

.00049 

.05205 

.00003 

.00357 

.00017 

.00172 

.00117 

.00048 

.00072 

.00726 

.00011 

INVERSE COEFFICIENT TABLE, derived from the technical-coefficient table for a partic
ular economy, shows the direct and indirect relations among the various producing sectors of 
the economy. Each column of the matrix lists the increases in the total output of the various 
sectors of the economy that would be required to deliver to final users an additional unit of the 
output of the sector associated with that column. The interdependence of all the sectors of a 
developed modern economy is so great that each sector contributes if not directly then indirect
ly to the production of every commodity delivered to final users. Hence, as is shown in this sec
tion of the 1972 inverse coefficient table of the U.S. economy, inverse table has no zero entries. 
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in prod uctive capacities in the form of 
appropriately proportioned additions to 
the various components of these types 
of fixed and working capital, and an 
input-output model such as the multi
regional world model that reflects the 
structural rclations between stocks and 
flows is said to be dynamic rather than 
static. 

In a dynamic input-output model the 
technical structure of newly created 
productive capacities is specified in an 
auxiliary matrix called a capital-coeffi
cient table, whose entries represent the 
additional stocks of capital goods that 
(at a given state of the technology) each 
sector of the economy would have to 
acquire in order to increase the produc
tive capacity of its plant by one unit of 
output [see illustration on page 220] . To 
take these capital coefficients into ac
count a set of input-output equations 
more complex than those described 
above is constructed. It will not be nec
essary to describe the nature of this sys
tem of equations here. It is important to 
note, however, that since the multire
gional model of the world economy is a 
dynamic one, the introduction of new 
technology into industrial processes reg
isters in it as changes in both capital co
efficients and input coefficients, and so 
technological changes are reflected in 
the equations from which projections 
are computed. 

In the system of input-output equa
tions derived from the capital and input 
coefficients for the world model there 
are only two types of variables: those 
representing sectoral outputs and those 
representing the final demands for 
goods and services. Obviously there are 
many other factors that determine the 
state of the world economy at any given 
time, and such factors do enter into the 
world model, through a subsidiary set of 
equations that serve to compute the fi
nal demand for each commodity in the 
economy. Overall more than 200 varia
bles enter into these equations, ranging 
from the traditional macroeconomic ag
gregates and demographic quantities to 
geological variables that describe the 
condition of the land and the reserves of 
natural resources in the 15 regions of the 
world model. In this way a detailed rep
resentation of the world economic sys
tem is ensured . 

To create a structural input-output ta
ble for the world economy the 15 

sets of coefficients describing the techni
cal structure of the different regions in 
the world model are arranged (in de
creasing order of the per capita income 
of their respective regions) along the di
agonal of a large, empty matrix [see il
lustration on page 222] . Each of these 
individual building blocks consists of 
175 rows and 275 columns: the square 
technical-coefficient matrix for each re-
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"ADOPT" A COMMUNITY. 
All it takes is a l ittle love and 30 pennies a day_ 

Please. Give a helping hand (not a handout) to an 
impoverished community of determined people. They 
are struggling to save their own children and they need 
your help. Help you can afford to give by becoming 
a Project Partner. 

Through nearly 50 years' experience, Save the 
Chi ldren has found that the best way to improve l ife 
for chi ldren is to enable their own people to give them 
better, total care. That's why we work through community 
projects that give people in desperate need a chance 
to bui ld a better l ife for themselves and their chi ldren. 
That's why your small monthly Partnership contributions 
will accomplish so much. And that's why we urge you 
to become a Project Partner now. 

Be a Project Partner 
and give a courageous community 
the ability to care for its children. 

Your contributions of nine dQllars a month - just 30 
pen nies a day - wil l  be combined with those of other 
Partners to enable struggling vil lages to carry out 
c&mmunity improvement projects that benefit al l  their 
children. With better food and nutrition, pure water, 
adequate medical care, schools, even income- producing 
activities. And every dollar you contribute will generate 
many more dollars' worth of volunteered labor and 
materials within the community. 

In return, you' l l  receive the personal satisfaction of 
knowing how you r  money has helped hardworking 

people help themselves. Through Partnership 
Reports, you can fol low the progress being made in  
the area you are assisting. Letters from children who 
represent their communities will g ive you a child's
eye view of the changes they see in their l ives. 

Please. Won't you help a courageous community 
and its chi ldren? Become a Project Partner. Fi l l  out 
the coupon and return it today with your first 
contribution. The children, their fami l ies and 
communities thank you .  

rl&;;th�Chiid;;';:------7A-:;' 
50 Wilton Road, Westport, Connecticut 06880 
Attn: David L. Guyer, President 
D YES. I want to be a PROJECT PARTNER . . . 

D WHERE TH E NEED IS MOST URGENT 
D In Appalachia D in Guatemala 
D In Cameroon D in Indochina where 

D on the Eastern Cherokee refugees build new lives 
reservation D in Nepal 

Name ______________________________________ ___ 

Address ______________________________________ _ 
City ___________ State ___ Zip, ___ _ 

Enclosed Is my first payment: 
o Monthly, $9 0 Semi·annually, $54 
o Quarterly, $27 0 Annually, $ 1 08 

o Instead of becoming a Project Partner 
at this time, I am enclosing 
a contribution of $ ________ _ 

o Please send me more information 
about Project Partner. 
All CONTRIBUTIONS ARE U.S.  
INCOME TAX DEDUCTI�lE. 
Save the Children is indeed proud of 
its effective use of funds. Based on 
last year's audit, an exceptionally 
large percentage (80.3%) of each 
dollar spent was used for program 
services and aid to Children and their 
communities. Annual report and finan
cial summary available on request. 
CI 1980 SAVE THE CHILDREN FEDERATION !NC 

2 1 5 

© 1980 SCIENTIFIC AMERICAN, INC



HP 41 C . .  , . $229.99 
HP 97 . . . . . .  569.99 
HP 67 . . . . . .  288.99 
HP 92 . . . . . .  395.99 
HP 38C . . . . .  1 1 4.99 
HP 38E . . . . . .  93.99 
HP 37 E . . . . . .  58.99 
HP 34C • • . • •  1 1 4.99 
HP 33C . . . . . .  91 .99 
HP 33E . . . • . .  67.99 
HP 32E . . . . . .  52.99 
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n 35SP . . . . . . . . 19.99 $205.99 n Iq TIllIS . . . 199.99 
HUGE OlSCOUrm ON COMMERC1AI. DESKTOP CALCUlATORS 

SIMON RAMO 
ON 

ECONOMIC 
DEVELOPMENT 

Read AMERICA'S TECHNOLOGY 
SLIp, an i m portant n ew book by 
America's lead i n g  scienti st-and
entrepreneur. Ramo analyzes the 
essential i ssues affecti ng develop
ment-the role of govern ment, deci
sion-maki n g ,  prod uctivity, energy, 
and m uch more-i n  th i s  vital 
synthesis of scientif ic and pol icy-
making real i ties.  $15 .95 
Available at your bookstore or write to 
John Storojev, Dept. 1-7091. 
ill JOHN WILEY & SONS, INC. � 605 Third Avenue, New York, N Y  10158 
In Canada: 22 Worcester Road. Rexdale. Ontario 
Prices subject to change without notice. 092 1-7091 
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gion is made rectangular b y  the addi
tion of the coefficients corresponding 
to supplementary variables. The dimen
sions of the larger matrix are somewhat 
more than 1 5  times 175 by 275, how
ever, so that space is provided for two 
additional blocks of trade coefficients, 
which depict the flow of goods and serv
ices among the various regions in the 
model. This complex linkage mechan
ism describes not only the exports and 
imports of some 40 classes of goods and 
services but also capital flows, aid trans
fers and foreign interest payments, and 
the precise character of the coefficients 
in the linkage mechanism is based on 
the introduction of imaginary world 
"trade pools" into the analysis of inter
regional exchanges. 

More precisely, in a world input-out
put model although the prod uction and 
consumption of those goods and serv
ices that are not involved in interregion
al trading must be balanced within each 

x 

[::] 
[::] 

Ax 

[ 8" a'2 a'3 ] [::] a., a2. 823 
a" a32 833 [ ' , , " u" .,H" ., ] 821 X, +822 Xz+823 X3 

831 x, +832 X2+833 X3 [ " - '" ., -'" .,-. , , ' , ] 
X 2 - 8 2 1 X , -8 22 xZ-aZl X3 
X3 - 8 31 X , -8 J2 X2-a33 X3 

X,(I - a,,) -a'2 x.- a ' 3 X3 = Y, 
X2(I- a 21) -a'2 x.-a'3 X3 = Y. 
X3(1 -a 3') -a3' X2-a33 X3 = Y3 

Y 

[;:] 
[::] 
[::] 

SYSTEM OF EQUATIONS (gray block) from 
which projections of future economic devel
opment can be made are constructed from 
the empirically determined interindustry ma
trix of technical coefficients (colored block) 
for the economy under consideration. The ma
trix equation x - Ax = y expresses tbe nec
essarily balanced relations among the levels 
of output of all the productive sectors of the 
economy (listed in the column vector x) and 
the quantities of their respective products de
livered to final users (listed in the column vec
tor y). This balance depends on the technical
coefficient matrix for the economy A, or more 
precisely on the vector Ax, which describes 
the goods and services absorbed in the pro
duction of the outputs listed in x. Substitut
ing the appropriate matrixes into the equa
tion x -Ax = y (here those that symbolical
ly describe a three-sector economy) and car
rying out the required matrix arithmetic gives 
rise to a system of linear input-output equa
tions. Since there are more variables than 
equations in the system, some of the varia
bles must be fixed before the equations can 
be solved simultaneously. By fixing differ
ent variables and by changing the magnitude 
of fixed variables it is possible to apply the 
equations to generate a variety of projections 
concerning the development of the economy. 

region, j ust as they are in a national in
p ut-output model, the production and 
consumption of commodities that are 
transferred from region to region have 
to be balanced only for the world as a 
whole . Thus a set of equations that ex
press the existence of such a worldwide 
input-output balance for each of the in
terregionally traded commodities must 
be tied into the internal commodity-bal
ance equations of the 15  regions of the 
world model. The coefficients for these 
trade equations are derived by treating 
the quantity of each particular type of 
commodity exported from a given re
gion as a predetermined share of the ag
gregate world exports of that commod
ity and the quantity imported into the 
region as a fixed proportion of the total 
amount consumed in that region, as if 
all the exports of each interregionally 
traded commodity were delivered to 
a single worldwide trading pool from 
which imports were then drawn. 

The coefficients for the equations that 
secure the balance between the pro
duction and the consumption of goods 
throughout the worldwide system are 
arranged in two blocks on the world in
put-output matrix, one running along 
the right-hand side and the other run
ning along the bottom. (The large areas 
of empty space off the main diagonal of 
the matrix that are not accounted for by 
these two sets of coefficients can be con
sidered to be filled with zeros.) The en
tries in the block to the right of the main 
diagonal are export coefficients, specify
ing the shares assigned to the different 
exporting regions by the imaginary in
ternational pools through which the 
trade in each particular commodity 
flows. The entries in the block below the 
main diagonal are import coefficients, 
specifying the regional import demands 
for each commodity calculated as a 
fixed percentage of each region's total 
domestic requirement for that commod
ity. (It is interesting to note that the proc
ess of "import substitution," which of
ten plays an important part in dis
cussions of ind ustrialization, can be 
described concisely as a reduction in 
the magnitude of appropriate import co
efficients. )  

The introduction of imaginary world
trade pools into the world input-out

put model precludes analysis of the bi
lateral, or region-to-region, transfers 
that actually link the 15 regions in it, 
but this limitation should not be viewed 
as a weakness of the model. Analyzing 
trade balances and the international di
vision of labor that sustains them pre
sents problems that are best excluded 
from the workings of the model. Em
ploying trade pools to describe the in
terregional flows of goods and services 
allows the world input-output model to 
be compatible with c urrent theory with-
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Imagine a jet engine 
that cuts one hour off the 

L.A. to New York run. 
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\\e did. 
Then we cut up to 40010 off 

The Garrett engineer looked 
up from his calculator and said : 
Gentlemen, set your watches 
back one hour. We knew what 
had happened. The TFE731 
Turbofan had been born, an 
engine up to 400/0 more effi 
cient than any in its class . 
Making possible a whole new 
generation of business jets 
capable of non -stop transconti
nental flight. A precious 
hour in descent, re- fueling and 
take-off had been saved. 

Everyone was excited, 
but not surprised. Once again, 
we'd simply lived up to our 
reputation as a leader in energy 
efficient engines and systems. 
For The Garrett Corporation, 
it was business as usual. 

We earned our wings in 
aerospace, then built ourselves 
into an industrial giant by 
keeping our feet on the ground 
and our hands on a technology 
base brimming with possibil 
ities. What makes us unique is 
how we apply that technology. 

the · fuel bill. 
It 's called good old -fashioned 

teamwork. Our engineers never 
work alone on some remote 
piece of the puzzle. From begin
ning to end, they work together. 
Feeling responsible for the entire 
project, they develop a talent 
for innovation that is second to 
none. The result has been some 
of the most timely, efficient, 
and practical solutions to 
today's problems.  

It's a working structure 
based on a corporate philos
ophy : Imagination is m ankind's 
most valuable resource. It's a 
resource we've learned to maxi
mize

' 
and others have learned 

to tap. 
Like the Department of 

Energy. They've asked us to 
develop a lightweight flywheel 
electric car that's capable of 
weaving through up to 100 miles 
of city traffic between recharges. 
It 's the kind of challenge 
we love . 

For the nuclear power 
industry, we've created a hermet
ically-sealed

' 
zero stem leakage 

valve that is destined to help 
make nuclear power generation 
even safer. 

Garrett 

Garrett is also making 
nuclear power more cost 
effective with an uranium 
enrichment centrifuge that 
uses only 5% of the electrical 
energy required for enrich
ment by the conventional 
gaseous diffusion process. 

You'll also find us in every
thing from office buildings to 
petroleum fields, primary 
metal industries to trucking. 
Everywhere doing much the 
same thing - making engines 
and systems work harder. 
We'd like to do that for you. 

If you're wondering how to 
make your enterprise do more 
with less, we suggest you get in 
touch with the people who 
are doing just that . For more 
information,write our President , 
Jack Teske at The Garrett 
Corporation, Dept. 1, P.O.  Box 
92248, Los Angeles, CA 90009. 
If you're flying out from 
New York, we'd be glad to 
spend that extra hour with you. 

The aerospace company with its feet on the ground. 
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out relying unduly on the practical ap
plicability of such theory. 

As one might expect, applying input
output analysis to the world economy 
presents practical problems as well as 
theoretical ones. Assembling the thou
sands of numbers needed to implement 
the model was a formidable task. In 
putting together the world input-out
put model the bulk of the information 
about the technical structure of modern 
manufacturing, mining, transport, serv
ice industries and agriculture-the set of 
input coefficients for a world structural 

Metal cans 

Metal barrels, drums and pails 

Metal san itation and plumbing products 

Nonelectrical heating equipment 

Fabricated structural· metal products 

Screw-machine products and stamping 

Coating and plat ing 

Miscel laneous fabricated· metal products 

Engines and turbines 

General industrial machines and equipment 

Machine-shop products 

Farm machinery 

Construction machinery 

Mining machinery 

Oil-field machinery 

Material-handl ing machinery except trucks 

Industrial trucks and tractors 

Metalworking machinery 

Special- industry machinery 

Automobiles 

Trucks, buses, etc . 

Aircraft and parts 

Ship- and boatbui ld ing and repairs 

Locomotives and rai l ·  and streetcars 

Cycles, trai lers, etc . 

E lectric measuring instruments 

Electric motors and generators 

Industrial controls, etc. 

Electric lamps and fixtures 

Electronic components and accessories 

Miscellaneous electrical machinery 

Service· industry machi nery 

HousehOld appliances 

Radio, television and communication equipment 

ScientifiC instruments, etc . 

Medical , surgical and dental instruments 

Watches, clocks and parts 

matrix-was derived from the existing 
tables for the developed countries, in 
particular the u.s. table for 1 967  and 
the version of that table updated to 
1 970. The usefulness of the tables for 
most of the less developed countries was 
greatly diminished by incompatibilities 
in both the schemes for classifying eco
nomic activities and the conventions for 
the measurement of various types of 
transactions. On the other hand, nation
al-income accounts, foreign-trade sta
tistics and demographic statistics com
piled by the UN and its affiliated organi-

o 
o 
o 

(ij 
2 
:; (f) u a. 
.� e ..: () 

o 
0.010305 
o 
o 
0.004004 
0.036121 
0.005974 
o 
0.321 164 
o 
o 
0.008339 
0.002851 
0.001907 
0.000381 
0.008089 
0.064838 
0.036630 
0.001048 
o 
o 
0.003954 
0.003985 
0.000397 
0.001 573 
0.000128 
0.0001 83 
0.000232 
0.026472 
0.008185 
0.008345 
0.001059 
o 
o 

CAPITAL-COEFFICIENT TABLE is employed in conjunction with technical-coefficient 
table to create a dynamic model of a particular economy, that is, a set of input-output equations 
that reflect not only tbe absorption of current inputs of labor, energy and various services and 
materials but also tbe creation of additional productive capacities througb the acquisition of 
machinery, buildings and otber capital goods. With the same basic format as an inpnt-output 
table, a capital-coefficient matrix displays in eacb column the stocks of capital goods tbat the 
sector of tbe economy associated with that column must obtain (from the other sectors includ
ing itself) in order to increase tbe productive capacity of its plant by one unit. For example, the 
section of tbe 1972 capital-coefficient table for tbe U.S. economy shown here depicts some of 
the investments tbat would be required to increase tbe productive capacity of the agricultural
crops sector. Tbe level of tbe investment flows specified in a capital-coefficient table for a par
ticular economy can be tied into the economy's network of input-output flows specified in 
the technical-coefficient table by means of an appropriate system of input-output equations. 
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zations turned out to be treasure troves 
of systematically organized data, with
out which it would have been impossible 
to complete a base-year description of 
the world economy. 

In the long run the most important 
aspect of economic development is 
probably the incorporation of technical 
knowledge into industrial and agricul
tural processes. For the developed coun
tries this growth takes the form of the 
introduction of new technologies and 
even new commodities; for the less de
veloped countries it generally involves 
the adoption or adaptation of technolo
gies already incorporated in the indus
trial recipes of the more advanced coun
tries. These transformations are reflect
ed in the input-output structure of an 
economy by the continual replacement 
of old input and capital coefficients by 
new ones. In fact, since such technologi
cal transfer is closely associated with the 
economic advance of less developed re
gions (as measured by rises in their per 
capita income), in preparing a structural 
data base for implementing the world 
model it was also necessary to assemble 
series of what might be called structural 
templates :  arrays of capital and input 
coefficients incorporating an increasing
ly advanced technology. 

In the course of computing a projec
tion, as the computer programs for im
plementing the world model advanced 
in their calculations from the base year 
1 970 to 1 9 80, 1 990 and finally 2000, the 
templates in these series were inserted 
one after the other into the world in
put-output matrix. A similar procedure 
was applied to estimate the prospective 
changes (for the most part decreases) in 
the magnitude of labor input coefficients 
resulting from the introduction of im
proved technology and also the prospec
tive changes (for the most part increas
es) in the input and capital coefficients 
describing mining and other extrac
tive industries reflecting future shifts 
to less accessible reserves of primary 
resources. Gradual changes in export 
shares and import coefficients were also 
registered in the model and played an 
important part in projecting the future 
flows of interregional trade. (In discuss
ing changes in technical structure it is 
important to avoid confusing two relat
ed but essentially different notions: tech
nology in the sense of technical knowl
edge and technology in the sense of such 
knowledge incorporated into working 
industrial processes. The development 
of the first type of technology necessari
ly precedes that of the second.) 

The multiregional inp ut-output mod
el-the complex data bank and the 

set of linear equations describing the 
world economic system together with 
the computer programs devised to make 
use of them-is not a special-purpose 
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WHAT'S BETTER 
THAN SPEED READING? 

SPEED LEARNING 
( S P E E D  P L U S  C O M P R E H E N S I O N )  

Speed Learni ng is  replacing speed reading because it's easy to learn . . .  lasts a l i feti me . . .  applies to 
everything you read . . .  and is the only ful ly accredited course with the option of college credits. 

Do you have too much to read and too 
little time to read it? Do you mentally 
pronounce each word as you read? Do 
you frequently have to go back and re
read words or whole paragraphs you just 
finished reading? Do you have trouble 
concentrating? Do you quickly forget 
most of what you read? 

If you answer "yes" to any of these 
questions - then here at last is the prac
tical help you've been wait ing for. 
Whether you read for business or plea
sure, school or college, you will build excep
tional skills from this major breakthrough 
in effective reading, created by Dr. Russell 
Stauffer at the University of Delaware. 

Not just "speed reading" - but speed 
reading-thinking-u nderstanding

remembering-and-Iearning 
The new Speed Lea rning Program 

shows you step-by-proven-step how to 
increase your reading skill and speed, so 
you understand more, remember more 
and use more of everything you read. 
The typical remark made by the 75,000 
slow readers who completed the Speed 
Learning Progra m was :  "Why didn't  
someone teach me this a long time ago?" 
They were no longer held back by the 
lack of skills and poor reading habits . 
They could read almost as fast as they 
could think. 

What makes Speed Learning so successful? 
The new Speed Learning Program does 

not offer you a rehash of the usual eye
exercises, timing devices, costly gadgets 
you've probably heard about in connec
tion with speed reading courses or even 
tried and found ineffective. 

In just a few spare minutes a day of 
easy reading and exciting listening, you 
discover an entirely new way to read and 
think - a radical departure from any-

EARN COLLEGE & 
CONTINUING EDUCATION CREDITS 
FOR SPEED LEARNING 

CO L L E G E  C R E DITS 

You may obtai n  2 full semester hour credirs for illl course completion, wherever you reside. Cred its lQ) offered through Whittier College (Ca l i forn ia ) ,  

Deta i l s  i ncluded i n  your program. 

PROF ESSIONAL SOC I E T I E S  

Speed Learning is offered international ly  t o  m embers of 

professional associations such as: American Chem ical 

Society, Foundation for Accounting Education.  I nstitute 

of E l ectrical and EII!ctronics Engineers and dozens 

more. Consu l t  your Education D i rector for information.  

BUSIN ESS. I N DUST R Y ,  GOV E R N M E N T  

M a n y  companies and government agencies offer Speed 

Learn ing as a wholl y-paid or tuit ion reim bu rsement pro

gram. Consult your Tra i n i ng or Personnel  D irector for 

details.  

thing you have ever seen or heard about. 
Research shows that reading is 95% 
thinking and only 5% eye movement. Yet 
most of today's speed reading programs 
spend their time teaching you rapid eye 
movement (5% of the problem) and ig
nore the most important part (95 %) think
ing. In brief, Speed Learning gives you 
what speed reading can't. 

Imagine the new freedom you'll have 
when you learn how to dash through all 
types of reading material at least twice as 
fast as you do now, and with greater 
comprehension. Think of being able to 
get on top of the avalanche of newspa
pers, magazines and correspondence you 
have to read . . .  finishing a stimulating 
book and retaining facts and details more 
clearly and with greater accuracy than 
ever before. 

Listen-and-Iearn at you r own pace 
This is a practical, easy-to-learn pro

gram that will work for you - no matter 
how slow a reader you think you are 
now. The Speed Learning Program is sci
entifically planned to get you started 
quickly . . .  to help you in spare minutes 
a day. It brings you a " teacher- on
cassettes" who guides you, instructs, en
courages you, explain
ing material as you 

read . Interesting items taken from Time 
Magazine, B u siness Week, Wa ll S treet 
Journal, Family Circle, N. Y. Times and 
many others ,  make the program 
stimulating, easy and fun and so 
much more effective. 

Execu tives , s tudents ,  professional  
people, men and women in all walks of 
life from 15 to 70 have benefited from this 
program. Speed Learning is a fully accred
ited course . . .  costing only 1/5 the price 
of less effective speed reading classroom 
courses . Now you can examine the same, 
easy, practical and proven methods at 
home . . .  in spare time without 
risking a penny . 

Examine Speed Learning 
FREE for 10 days 

You will be thrilled at how quickly this 
program wil l  begin to develop new 
thinking and reading skills. After listen
ing to just one cassette and readir.g the 
preface you will quickly see how you can 
achieve increases in both the speed at 
which you read and in the amount you 
understand and remember. 

You must be delighted with what you 
see or you pay nothing. Examine this 
remarkable program for 10 days. If, at 
the end of that time you are not con
vinced that you would like to master 
Speed Learning, simply return the pro-

gram and owe nothing. 
See the coupon for low 
p r i c e  and c o n ve n i e n t  
credit terms. 

Note: Many companies and gov

ernment agencies have tuition 

assistance plans for employees 

prov id ing full or partial payment 

for college cred it programs. 

In most cases, the enti re cost of 

your Speed Learning Program 

is Tax Deductible. 

r - - -- - - - -

learn 113 Gai ther Dri ve. Mount Laurel. N.J. 08054 
I NCORPORATED 

- - - - -, 
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I understand that If after 10 days I am not delighted in every way, I may return the materia ls 
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tool but one that, when it is provided 
with sufficient data, can be applied to a 
wide variety of tasks. In what follows I 
shall describe three alternative projec
tions of world economic growth that 
have been carried out with the model. 
Each of these projections has a direct 
bearing on the future of the resource
poor less developed regions, which in 
1 970 accounted for 59 percent of the 
world's total population but produced 
only 1 5  percent of the total goods and 
services delivered to final users. 

The first projection describes the 
development of the world economy 
through the year 2000 on the assump
tion that international economic rela
tions will continue to be ruled by what 
might be called the old economic order. 
This is a conservative scenario in which 
it is assumed that the economic relations 
(in terms of trade, foreign aid and so on) 
between the developed and the less de
veloped regions will be governed in the 
future as they have been in the past by 

L 

financial and credit policies designed to 
maintain a strict balance-of-payments 
equilibrium for each region. More pre
cisely, the scenario assumes that the an
nual difference between the total value 
of the goods and services eXP9rted from 
a particular region and the total value of 
those imported into it will continue to 
be financed exclusively by commercial 
borrowing in conjunction with what are 
currently considered normal levels of 
private capital transfers and govern
mental assistance. In other words, ac
cording to this scenario, in the future the 
richer, capital-exporting regions will 
transfer to the poorer, capital- importing 
ones approximately the same fraction of 
their national income (in the form of 
credits and foreign investments) that 
they did in the past, or before the base 
year 1 970. Conversely, the poorer re
gions will have access to the same frac
tion of the worldwide pools of capital 
and aid provided by the richer regions 
that they did before 1 970. (Since 1 970 

l'tlm 
r�')1$ 

ffn :11.: 

� 
GLOBAL STRUCTURAL MATRIX, shown schematically, represents each region of the 
world model by a 17 5-by-27 5 matrix of technical, capital and other types of coefficients. These 
15 dynamic input-output matrixes, representing the eight developed regions of the world mod
el (dark color), the three resource-rich less developed regions (gray) and the four resource-poor 
less developed regions (light color), are arranged along the diagonal of the global matrix. The 
complex network of commodity flows that link these regions is represented by two blocks of 
trade coefficients (hatching), one appearing along the bottom of the global matrix and one along 
the rigbt-hand side. Model of the world economy derived from this matrix includes both "do
mestic" equations, whicb secure the balance of goods and services that flow exclusively within a re
gion, and global equations, which secure the balance of interregional imports and exports, cap
ital flows and payments. (In global matrix empty spaces can be considered filled with zeros.) 
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the resource-rich less developed regions 
have joined the developed ones in pro
viding such funds.)  

The projection based on these conser
vative assumptions takes the form of a 
20-page computer printout describing in 
detail the state of the individual regional 
economies in the world model as well as 
the relations among them. The results of 
the projection can nonetheless be sum
marized concisely. To begin with, under 
the old-economic-order scenario the av
erage per capita income in each of the 
three main groups of regions can be ex
pected to increase. On the other hand, 
the income gap between the developed 
regions and the resource-poor less de
veloped ones tends to grow thro ugh 
1 990. Indeed, in spite of the fact that 
the rate of growth of the developed re
gions decelerates from 1 990 to 2000, 
whereas the rate of growth of the less 
developed regions accelerates, by the 
year 2000 the difference in the incomes 
of the regions in the two groups is pro
jected to be somewhat greater than it 
was in 1 970, both in relative and in 
absolute terms [see illustration on page 
226]. In fact, under the stringent but not 
unrealistic conditions imposed by the 
old-economic-order scenario some of 
the less developed regions of the world 
would face an absolute decline in their 
standard of living. 

To what extent do these conclusions 
depend on the specific starting assump
tions concerning future rates of popu
lation growth? The computations de
scribed above were based on the predic
tion that the population growth for each 
of the countries in the 1 5  world regions 
will follow the middle path of the three 
alternative paths generally projected by 
UN demographers, but an identical set 
of computations were also carried out, 
each one starting from a different com
bination of predictions about popula
tion growth in the three groups of re
gions. The period of 30  years from 1 970 
to 2000 is not long enough to allow the 
demographic structure of even a single 
region to adjust fully to the most drastic 
shifts in birth or death rates. Neverthe
less, by studying the direction of the rel
atively small changes in developmental 
trajectories that can be distinguished in 
the resulting projections it is possible to 
make an assessment of the long-term 
economic repercussions of such shifts. 

This set of projections demonstrates 
that the global per capita income ob
tained by averaging across the 1 5  re
gions in the world model is highest when 
the projected rates of population growth 
for both the developed regions and the 
two groups of less developed regions 
are low. The intermediate population
growth rates that were employed in 
computing the first projection result in 
a lower global income, and shifting to 
high population-growth rates reduces 
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DREAM 
G 

The story goes that Henry Ford 
once hired an efficiency expert to 
evaluate his company. 

After a few weeks, the expert 
made his report . It was highly favor-
able except for one thing.  _ 

"I t's that man down the hall;' 
said the expert . "Every time I go by his 
office he's j ust sitting there with his 
feet on his desk.  He's wasting your 
money." 

"That man;' repl ied Mr. Ford, "once had an idea that saved us mil l ions of 
dollars . At the time, I believe his feet were planted right where they are now." 

At IBM, we have 46 people l ike that, and we don't worry about where they 
put their feet either. They are the IBM Fellows. 

They earned the title by having ideas that made a difference. Their job is to 
have more ideas like that, but under a very special condition. 

Its called freedom . 
Freedom from deadlines. Freedom from committees. Freedom from the 

usual l imits of corporate approval.  
For a term of at least 5 years, an IBM Fellow is free to pursue any advanced 

project of value to IBM, even if chances for success may seem remote. 
As a result, some of the great innovations of our t ime have come from 

IBM Fellows. 
We may not always understand what they're doing, much less how they do 

it .  But we do know this : 
The best way to inspire an IBM Fellow is to get out of the way. == = = - - " 

s = =��E: 
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the global income still further. More
over, if the rates of population growth in 
any two of the groups of regions are 
assumed to be constant, it can be shown 
that the same inverse relation between 
population growth and the global per 
capita income holds for the remaining 
group. 

In addition, combining the resource
rich and resource-poor less developed 
regions into a single classification and 
comparing their projected growth in per 
capita income to that of the developed 
regions reveals that a shift from a low 
population trajectory to a high one in 
either of the groups invariably brings 
about an increase in the income of the 
other group. In other words, a change in 
the rate of population growth that has 
adverse effects on the economy sustain
ing it turns out to be quite beneficial for 
the other economies of the world. A 
plausible explanation for this phenome
non can be obtained by examining the 
corresponding total income figures (as 
opposed to the per capita ones) for the 
regions of the world model. An acceler
ated rate of population growth within 
a given region depresses that region's 
per capita income level, but it tends to 
raise the region's aggregate G.N.P. and 
total volume of external trade. This in-

600 

500 

I- 400 
z w 
9 L1. L1. W 
0 u 300 I-::> a.. � 
0 .... S!! 
L1. 200 0 
I-Z W 
U a: w a.. 

100 

o 

creased trade level in turn benefits the 
region's trading partners and increases 
their per capita income. 

I n spite of the variations in the project
ed income levels arising from differ

ent assumptions about the world's fu
ture population growth, the conclusions 
that must be drawn from the preceding 
projections are clear. Under the condi
tions imposed by the old economic or
der, although most of the less developed 
regions should advance economically 
and some can even be expected to devel
op quickly over the next decades, the 
gap between the developed regions and 
the resource-poor less developed ones 
can hardly be expected to diminish sub
stantially by 2000. 

There are, however, alternatives to 
the course of world development dictat
ed by the old economic order. For the 
purposes of comparison the multire
gional input-output model was also ap
plied to prepare a projection concern
ing the future of the world economy un
der what might be called the new eco
nomic order. This is a highly optimistic 
scenario, which assumes that in the fu
ture the developed and resource-rich 
less developed regions will be willing to 
grant to the resource-poor less de-

-

veloped regions economic assistance in 
whatever amounts are required to re
duce the income gap between the devel
oped regions and the resource-poor less 
developed ones 50  percent by the year 
2000. Whether this plan is politically vi
able, of course, has yet to be determined, 
but the multiregional input-output mod
el can serve to calculate its economic 
implications. 

To project the future of the world 
economy under the new economic order 
it was necessary to compute the changes 
in outputs, investments, personal and 
public consumption and regional im
ports and exports (starting from 1 970 
levels) that would be required from all 
regions of the world model to secure 
prespecified income targets for the re
source-poor less developed regions by 
the year 2000. The attainment of these 
ambitious goals is made possible in this 
scenario by freeing the resource-poor 
less developed regions from the strict 
balance-of-payments requirements im
posed on them under the old economic 
order. In other words, the quantities of 
goods and services imported into the 
poorer regions are determined by their 
developmental needs, not by their abili
ty to pay for such imports. (In terms of 
the formal mathematical structure of 
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PROSPECTIVE CHANGES in technical coefficients relating to the 
production of automobiles in the U.S. between 1970 and the year 
2000 are shown by these bars. Such significant changes, which arise 
from the introduction of advanced technology into the industrial and 
agricultural proc!!Sses of an economy, play an important part in de
termining the economic growth of less developed regions. In order to 

make projections concerning future world economic development it 
was necessary to construct a series of arrays of capital, input and oth
er types of coefficients incorporating increasingly advanced technol
ogy. These were inserted info the global structural matrix as the com
puter programs for implementing the world model moved in their 
computations from base year 1970 to 1 980, 1990 and finally 2000. 
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PROJECTED GROWTH IN PER CAPITA INCOME for tbe developed regions, tbe less 
developed regions and the world as a wbole is sbown in tbis grapb. (Tbe vertical scale is loga
ritbmic, so tbat curves witb equal slopes represent equal perc entage rates of growtb.) Here tbe 
multiregional input-output model of tbe world economy was applied to tbe projection of future 
income levels under a set of conditions tbat can be called tbe old economic order. Tbis scenario 
for world developm ent assumes tbat economic relations between tbe developed and tbe less de
veloped regions will continue to be governed by current strict policies concerning credit and 
balance of paym ents. Tbe scenario also assum es tbat in tbe future tbe ricber, capital-exporting 
regions of tbe world will transfer to tbe poorer ones approximately tbe same fraction of tbeir 
national income (in tbe form of credits and foreign investm ents) tbat tbey did before 1970. 
Tbe solid lines sbow tbe projections for tbis scenario based on tbe interm ediate United Na
tions estimates of world population growtb, in wbicb between 1970 and 2000 tbe popUlation 
of tbe developed regions is expected to grow from 1.108 billion to 1.435 billion and tbe popu
lation of tbe less developed regions from 2.512 billion to 4.813 billion. Tbe set of projections 
demonstrates tbat witb tbis conservative scenario in tbe year 2000 tbe gap in income between 
tbe developed regions and tbe less developed regions sbould be som ewbat greater tban it was 
in 1970, botb in relative and in absolute terms. Tbe broken lines sbow tbe corresponding pro
jections based on the most extreme estimates of population growtb for tbe developed regions 
and tbe less developed regions, demonstrating tbat assumptions about future popUlation levels 
bave little effect on tbe outcom e of tbe old-economic-order scenario over tbis period of time. 
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. the world model this means that some 
of the model's input-output equations, 
namely those expressing the strict bal
ance-of-payments regulations, must be 
declared invalid and dropped from the 
system. On the other hand, fixing the 
future income levels of the resource
poor less developed regions reduces the 
number of unknown variables in the 
system. In fact, if no equations were 
dropped, the system would be overde
termined, that is, the number of equa
tions would exceed the number of 
remaining variables, and no solution 
would be possible . )  

To provide a quantitative measure of 
the amount of assistance the resource
poor less developed regions would have 
to rece ive year after year under the new 
economic order it was also assumed in 
the form ulation of this scenario that 
the import surpluses, or equivalently 
the balance-of-payments deficits, of 
those less developed regions would be 
financed each year by extraordinary 
credits granted by the developed and 
resource-rich less developed regions: 
credits carrying a nominal annual in
terest rate of 5 percent on accumulated 
debts. The projected volume of such ex
traordinary noncommercial borrowing 
(or lending, if it is viewed from the 
vantage of the developed and resource
rich less developed regions) provides 
a measure of the cost of implementing 
the new-economic-order scenario. 

The projection based on the new set of 
assumptions shows that since the devel
oped regions would be req uired to work 
overtime in order to be able to provide 
the huge amounts of economic aid that 
would be required under this scenario, 
their O . N . P .  would be somewhat larger 
in 2000 than it would be under the old 
economic order, but since a larger part 
of their total output would have to be 
exported, their per capita consumption 
of commodities would be slightly lower. 
(In general, the shift from the first sce
nario to the second has a smaller effect 
on the developed regions than it does on 
the less developed ones; after all, if one 
region has a total income of $ 1 billion 
and another has a total income of only 
$ 100 million, then a transfer of $50 mil
lion from the first to the second repre
sents a 50 percent gain for the poorer 
country but only a 5 percent loss for the 
richer one. )  

The projection also reveals that the 
massive developmental drive envi
sioned under the new economic order 
would call for the financing of an in
creasingly large part of the steadily 
growing imports of the resource-poor 
less developed regions by means of ex
traordinary loans. By the year 2000 the 
exports from these regions would pay 
for only 25 percent of their annual im
ports, and the other 75 percent would 
have to be obtained on credit. Indeed, by 
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TO: NATURE 1 5  East 26th Street,  New Yo rk ,  N . Y  1 00 1 0  SA- 2 

D Yes ,  I want to receive a personal  s u b s c r ipt ion 10 N at u re for  a year ,  
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o Visa o Master  Charge l, Ame r ican E xpress Exp Date 
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Address 
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Subscript ion orders must be accompa n i ed by personal  check or credit  card number 
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With half the tv homes in America watching public tv every week? You 
bet you would. 

With that half being the better half-better educated, higher 
income, more influential? And with two million of those homes caring 
so passionately about what they're watching that they regularly write 
$25 checks, $50 checks, even $100 checks to make sure what they're 
watching keeps co ming? You bet you would. 

You can't, of course. But you can reach this community of public tv 
fans through a powerful new advertising medium, The Dial. 

THE DIAL: Starting September 1, The Dial is being mailed each month 
THE PUBLIC to 650,000 public tv subscribers. 
TV GUIDE. It'll be a national metropolitan public tv guide. Our 

initial 650,000 circulation guarantee IS concentrated in four monster 
markets : New York, Chicago, Los Angeles and Washington, D.C. 

The next four markets should push The Dial over a million, and the 
total circulation of all present public tv program guides (2, 190,000) gives 
you a sense of the potential. But the point is not how man)S but who. 

WHEN A Today, many advertisers strive to smuggle their 
CONGRESSMAN IS LIKE messages into an elite club of opinion-makers
ANY OTHER MAN. legislators, corporate officers, college presidents 

and the like. But the magazines that theoretically "reach" these 
influential folk usually reach their secretaries or press aides instead. 
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Side-tracked onto the wrong desk, swirling in a maelstrom of 
printed matters, these lost magazines are perused, scissored, paper
clipped, stapled or shuttled into the outbox by parties u nknown. 

The Dial, on the other hand, goes directly into the The Great 
Person's home, climbs up onto the tv set and stays there. For one whole 
month. 

T.G.P. turns to it at a relaxed and reflective time, when there's 
nobody around except him and her and maybe the wee ones. 

Short of advertismg in a sex manual, it's hard to imagine a more 
intimate environment. 

HOW TO ADVERTISE We all benefit from candid criticism, so come on, 
TO PEOPLE WHO honestly, even if you're in advertising, don't you 
SHUll ADVERTISING. find many tv co mmercials strident, stupid, or worse? 

Public tv viewers do, and knowing that you won't be ambushed by 
Mr. Whipple is one of the serene satisfactions of watching public tv. 

But if you were to conclude, therefore, that The Dial's readers are 
anti-advertising, you'd be wrong. 

These are hardly co mmunists. They're bringing home large 
amounts of capitalist money, intending to do lots of capitalist things 
with it and relying on advertising to help them choose-provided, of 
course, that the advertising doesn't insult their intelligence . 

If your ad is good, it will work in The Dial, and work well. 
Iflt isn't good, shouldn't you be doing something about that? 

SHARE YOUR The Dial's readers will know that advertising generates 
CUSTOMERS' funds for public tv. So your ad in The Dial sends a clear 
PREJUDICES. signal that you share one of our readers' fondest prejudices. 

They want good tv. You want good tv. And both of you put your 
money where your mouths are. 

THE 
DIAL: 
The 
to 
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RATIO OF BALANCE OF PAYMENTS TO EXPORTS is projected for the developed re
gions (light color), the resource-rich less developed regions (black) a,nd the resource-poor less 
developed regions ( gray) under two sets of assumptions about future world economic relations: 
the old-economic-order scenario (solid lines) and the new-economic-order scenario (broken 
lines). The new-economic-order scenario assumes that in the future the developed and re
source-rich less developed regions of the world will be willing to allocate to developmental as
sistance whatever resources are required to reduce the income gap between the developed and 
the resource-poor less developed regions 50 percent by the year 2000. To make this goal attain
able it is also assumed that the resource-poor less developed regions will be allowed to expand 
their imports as much as is needed to maintain their specified income targets, so that they will 
be released from the strict balance-of-payments requirements imposed on them under the old 
economic order. The steep decline in the curve representing the resulting ratio of the balance 
of payments to exports for the resource-poor less developed regions provides a measure of 
the cost of implementing the new economic order for the other regions of the world model. 
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ARMS-LIMITATION SCENARIO assumes that in the year 2000 the total world expenditure 
for the maintenance of military establishments (colored line) will be 35 percent less than it is 
projected to be under the old-economic-order scenario (black line). As is shown here, it is also 
assumed that the bulk of the resources made available by the limitation of military spending 
(gray) will be allocated to increase civilian domestic consumption and investment in the regions 
where they originated, mainly the developed ones. The remaining resources (color) would be al
located to increase nonmilitary foreign aid, mainly to the resource-poor less developed regions. 
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2000 it would be necessary for the de
veloped regions to allocate 3 . 1  percent 
of their total G.N . P .  to support such an 
effort. (The current figure is less than 1 
percent.) On the whole this projection of 
the future development of the world 
economy under the new economic order 
suggests that the practical possibility 
of carrying out such an optimistic pro
gram must be seriously questioned. 

The last projection made with the 
multiregional input-output model of 

the world economy I shall discuss here is 
based on what might be called the arms
limitation scenario. The more than $450 
billion per  year currently spent on the 
maintenance of military establishments 
throughout the world (which is equiva
lent to $290 billion at the much lower 
1 970 prices) is the largest existing eco
nomic reserve that might be utilized to 
accelerate the growth of the resource
poor less developed regions. In addition 
some of the funds that would be made 
available by an international agree
ment to limit military spending could 
well serve to bring about marked im
provement in the economic position of 
the lower-income groups within the de
veloped regions. 

The arms-limitation scenario specifies 
a hypothetical reduction in future mili
tary spending to levels below those that 
can be expected under the old economic 
order. According to the old-economic
order scenario, in the future all the re
gions of the world model will devote to 
military purposes the same fraction of 
their respective regional incomes that 
they did in 1 970. Moreover, under this 
scenario a provision is made for the 
maintenance of parity in military spend
ing between the U.S.S.R. and the U.S. 
(For strategic reasons the amounts allo
cated to military needs by the U.S.S .R.  
and the U.S. tend always to be about 
equal. At present, however, the national 
income of the U.S.S.R. is only slightly 
more than half that of the U.S. ,  so that it 
devotes nearly twice as large a percent
age of its income to military spending. 
On the other hand, according to most 
projections, the Russian economy will 
grow somewhat faster than the U.S. 
economy up to the year 2000, so that as 
long as military parity is maintained the 
difference between those two percent
ages will gradually decrease.)  

For the purposes of the arms-limita
tion projection it was assumed that by 
the year 2000 the combined military ex
penditures of the U.S.S.R. and the U.S. 
will be reduced to two-thirds of the 
level they are projected to reach under 
the old-economic-order scenario. It was 
also assumed that all the other regions 
of the world model will cut their mili
tary spending 25 percent by the year 
1 990 and 40 percent by the year 2000. 
The arms-limitation scenario specifies 
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that the "savings" realized in each re
gion from the cuts will go first of all to 
the satisfaction of its own civilian needs 
but that by 1 990 the de�eloped regions 
will allocate 1 5  percent of the savings to 
developmental aid and that by 2000 
they will allocate 25 percent. The redis
tribution of these savings, which gives 
rise to changes in the levels of produc
tion, consumption and investment for 
each sector in the world model with cor
responding changes in the interregional 
commodity flows, is determined by the 
sets of technical and other structural 
parameters incorporated into the input
output model of the world economy. 

An idea of the advantages of the 
arms-limitation scenario for world eco
nomic development can be gained by 
comparing the aggregate results of the 
projection based on these assumptions 
with the projections describing the 
world economy under the old economic 
order and the new [see illustration at 
right]. To begin with, given the develop
mental assistance provided under the 
arms-limitation scenario both the per 
capita income and the per capita con
sumption of the resource-poor less de
veloped regions can be expected to in
crease far quicker than they would un
der the old economic order. (In the new
economic-order scenario such growth is 
of course fixed from outside the system.)  
In addition under the arms-limitation 
scenario, which provides for assistance 
to the resource-poor less developed re
gions in the form of direct aid, the pro
jected trade deficit of those regions is 
smaller than it would be under the old 
economic order and naturally much 
smaller than it would be under the new 
one. Finally, since the arms-limitation 
scenario specifies that part of the savings 
resulting from reduced military spend
ing must go to increasing civilian con
sumption and investment in the devel
oped regions, the projected levels of per 
capita income of those regions are high
er with this scenario than they are with 
either of the others. Therefore a com
parison of the three sets of projections 
made with the multiregional input-out
put model of the world economy clearly 
indicates that the reallocation of eco
nomic resources arising from the kind 
of international arms-limitation agree
ment that has been suggested repeated
ly,  both formally and informally by in
dividuals and organizations inside and 
outside the U N ,  is by far the most prom
ising of the three schemes for world eco
nomic development. 

Analysis of the kind that I have de
.£\. scribed here, dealing with the gen
eral prospects for development in the 
world economy, must of necessity draw 
pictures with only a few bold strokes, 
relying on aggregate figures such as av
erage per capita incomes or net balances 

of payments to describe the economies 
of regions with hundreds of millions of 
people. The economic projections for 
these large regions and the factual data 
on which they were based, however, 
comprise tens of thousands of numbers 
describing the structure and the specific 
states of the world system in detail. Thus 
the construction of a multiregional in
put-output model of the world economy 

to some extent rescues economists from 
their traditional dilemma of having to 
choose between seeing the forest or see
ing the trees. The model, which can de
scribe the entire forest in terms of the 
individ ual trees (or at least in terms 
of the specified structural relations be
tween small groves), serves as a valuable 
tool for tracing possible economic paths 
through the future. 
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PROJECTED ECONOMIC DEVELOPMENT of the developed regions of the world, the re
source-poor less developed regions and the resource-rich less developed regions is shown to the 
year 2000 under the old-economic-order scenario (solid black lines), the new-economic-order 
scenario (broken black lines) and the arms-limitation scenario (colored lines). For the resource
poor less developed regions the levels of per capita income and consumption (not shown) grow 
much faster under the arms-limitation scenario than under the old-economic-order scenario, 
hut not so fast as under new-economic-order scenario, where income targets are prespecified. 
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THE AMATEUR 
SCIENTIST 

Billows in the ionosphere are 
tracked with transistor radios 

by Jear! Walker 

This month I shall describe an in
expensive apparatus designed by 
Douglas A. Kohl of Osseo, Minn., 

for the detection of gravity waves trav
eling through the ionosphere: the ion
rich layers of the earth's upper atmo
sphere. Although the waves are not 
fully understood, they are thought to 
be generated by such phenomena as the 
jet stream, severe thunderstorms and 
bombardment by solar particles. (They 
should not be confused with the gravita
tional waves that figure in general rela
tivity and cosmology.) The waves travel 
more or less horizontally through the 
upper atmosphere, modifying the con
centration of molecules and atoms. 
Therefore they also modify the concen
tration of ions, creating a traveling dis
turbance that causes variations in the 
reflection of radio signals by the iono
sphere. Kohl monitors such variations 
and thereby detects the passage of the 
gravity waves. 

The ionosphere is transparent to ra
dio signals with frequencies higher than 
about three megahertz. The signals of 
the television and frequency-modula
tion (FM) radio bands have a higher 
frequency, and so they travel direct 
through the ionosphere. The signals of 
the amplitude-modulation (AM) radio 
bands have a lower frequency, and so 
they are reflected by the bottom of the 
ionosphere. For this reason gravity 
waves are normally detected by varia
tions in the reflection of such lower-fre
quency radio signals. 

Generating your own radio waves 
would be expensive and would also call 
for permission from the Federal Com
munications Commission. Kohl there
fore relies on the signal broadcast by 
a local AM radio station. He suggests 
choosing a station that is within 30 miles 
of you and operates at full power 24 
hours a day. Part of the signal broad
cast by the station travels direct to the 
detector and another part travels to the 
ionosphere and then to the detector. The 
first objective of the apparatus designed 
by Kohl is to eliminate the direct signal 
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so that only the signal from the iono
sphere is detected. 

The detector consists of a modified 
transistor radio with a ferrite-core an
tenna. The antenna is oriented until the 
reflected signal from the radio station is 
at its maximum. This optimum orienta
tion is usually both horizontal to and 
perpendicular to a line between the re
ceiver and the transmitting antenna. The 
orientation is necessary because the ra
dio signal is polarized: its electric and 
magnetic fields oscillate along particu
lar axes. When the electrons in the trans
mitting antenna oscillate, they radiate 
electromagnetic waves at the AM radio 
frequency. The wave traveling direct to 
the receiver has electric fields oscillating 
along a vertical axis and magnetic fields 
oscillating along a horizontal axis. Both 
sets of oscillations are perpendicular to 
the line along which the wave is travel
ing. This line is called a ray. The ferrite
core antenna of the radio responds to 
oscillations of the magnetic field, so that 
when it is receiving the incoming mag
netic fields of the radio wave most effi
ciently, it is parallel to them. Hence it 
is horizontal and perpendicular to the 
ray. (The standard automobile antenna 
responds to oscillations not of magnet
ic fields but of electric fields, so that 
it receives AM signals most efficiently 
when it is vertical, which of course it 
usually is.) 

Kohl eliminates the direct signal from 
the transmitter by moving the antenna 
of his radio until the signal from the 
station is at its minimum. The antenna 
could be horizontal and pointed in the 
direction of the transmitter, or it could 
be vertical. It receives little of the direct 
signal in either orientation, but it can 
still receive the radio signal reflected 
from the ionosphere because it is par
tially aligned with the magnetic fields in 
tha t signal. 

Many disturbances of the ions in the 
ionosphere arise in the lower part of 
the ionosphere; they include long-period 
waves, variations in the chemistry of the 
ions and variations in the concentration 

of the ions because of a meteor shower. 
Kohl wanted to detect the disturbances 
due to gravity waves that last for a few 
hours. The passage of a gravity wave 
through the reflective layer shifts the al
titude at which radio signals are reflect
ed and thereby changes the strength of 
the response in the receiving antenna. 
When the altitude of the point of reflec
tion increases, the response of a horizon
tal antenna increases because the mag
netic fields of the reflected signal are 
better aligned with the antenna; the re
sponse of a vertical antenna drops be
cause the fields are less well aligned. 

I shall first describe how to build a 
detector that will monitor the gravity 
wave. Then I shall describe how the sys
tem can be improved by adding more 
radio sets so that additional features of 
the gravity wave can be detected. Kohl 
says you should choose a portable AM 
transistor radio that has a ferrite-core 
antenna at least six inches long. The 
longer the antenna is, the better your 
results will be. 

If you intend to make measurements 
at night, the radio should also have a 
tuned radio-frequency stage so that it 
has enough selectivity to prevent inter
ference from long-distance radio sig
nals. Radio signals can be detected over 
much greater distances at night. When 
the sun sets, there is no longer sunlight 
to ionize atoms and molecules at the 
bottom of the ionosphere. As a result 
the number of ions decreases and the 
altitude at which the radio signal is re
flected rises. This additional altitude of 
reflection means that a powerful radio 
signal can travel farther along the curva
ture of the earth. 

Most portable AM transistor radios 
have the circuitry outlined in the top il
lustration on page 236. The circuit is 
first modified by cutting the connection 
at the place indicated on the diagram by 
an x and a y so that the automatic gain 
control can be converted to manual con
trol. The cut is made next to the volume 
control of the radio. An additional cir
cuit is inserted at that point to provide 
manual control for recording the sig
nal reflected from the ionosphere. The 
weak-sensitivity section of the inserted 
circuit is necessary to restore the radio's 
sensitivity to weak stations. If the radio 
has n-p-n transistors instead of the p-n-p 
ones assumed in the diagram, the bat
tery connection will be to the positive 
terminal rather than to the negative one. 
The polarity of the meter, the record
er and the "zero adjustment" I shall de
scribe will have to be reversed for this 
type of radio. 

The output signal from the manual 
gain control is amplified and filtered by 
the circuit shown in the bottom illus
tration on page 236. The low-pass filter 
eliminates the modulation of the voice 
and the music of the radio signal, since 

© 1980 SCIENTIFIC AMERICAN, INC



SCIBNCB/SCOPB 

Water levels in cooling systems of nuclear reactors may be monitored more reli
ably, especially during an emergency core shutdown, by an innovative metal
coated optical fiber developed by Hughes. The thin glass threa d, some 1000 of 
which would be placed around a reactor's core, is tipped with a sapphire retro
reflector. Unlike plastic-coated fibers, it can withstand the harsh reactor 
environment of temperatures as high as 3500C and pressures up to 1800 pounds 
per square inch. Compared to resistive level sensors now in use, the fiber is a 
model of simplicity. The sapphire tip, when dry, reflects light transmitted 
through the fiber; when wet, it reflects no light. Prototype sensors were 
developed under Nuclear Regulatory Commission sponsorship. 

Doctors can look into the human body more clearly, quickly, and far more safely 
than ever before by using a new x-ra y process called computed axial tomography. 
The process, considered by many in the medical profession to be as significant 
as the discovery of x-rays themselves, employs a sophisticated scanner to create 
x-ray pictures of one plane of the body. One benefit is that doctors have more 
detailed views of bones and organs. Also, because the scanner contains extreme
ly sensitive photodetectors, patients receive much smaller doses of radiation. 
Hughes photodiodes with high responsivity and very low noise levels are used in 
these instruments to detect scintillations produced by the x-rays. 

An experimental satellite earth station being built in Brazil will use a new 
communications power amplifier subsystem developed by Hughes. The subsystem 
will be used in conjunction with Brazil's domestic satellite system and the In
telsat IV-A system to transmit voice, television, and data signals. It consists 
of two 400-watt high-power amplifiers and an automatic switching and power com
bining unit to facilitate up to 700 watts of output power in the 5.9 to 6.4 GHz 
satellite uplink band. The unit was delivered recently to the Telebras organi
zation in Campinas, Sao Paulo. 

Career growth opportunities exist at all levels at Hughes Support Systems for a 
variety of engineers qualified by degree or extensive work experience. They 
include systems engineers and software and hardware design engineers for major 
simulation and test equipment programs. Also, field engineering posts through
out the U.S. and the world offer travel, autonomy, and responsibility for the 
life cycle of Hughes electronic systems. Phone collect (213) 670-1515, Ext. 
5444. Or send your resume to Professional Employment, Dept. SE, Hughes Aircraft 
Company, P.O. Box 90515, Los Angeles, CA 90009. Equal opportunity employer. 

A traveling-wave tube newly introduced for use in satellite earth terminal 
transmitters is capable of more than 250 watts of CW power in the 14.0 to 14.5 
GHz frequency range. The device is a metal-ceramic tube with PPM focusing and 
forced-air cooling. A modulating anode allows beam current to be turned on and 
off quickly during normal operating sequencing and under fault conditions. In
ternal programming assures a proper TWT/power supply interface and simplifies 
field maintenance. The TWT is designated Hughes Model 881H. 

Creating a new world with electronics r------------------, 
, , 

: HUGHES: 
, , L __________________ � 
HUGHES AIRCRAFT COMPANY CULVER CITY, CALIFORNIA 90230 
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you are interested only in the strength of 
the signal reflected from the ionosphere. 
The filter also eliminates any short-term 
clicks, pops and manmade interference 
caused by light switches, automobile ig
nitions and the like. 

The filter does pass the variations in 
the strength of the reflected signal that 
materialize over several minutes. These 
variations, which emerge at the point la
beled "Signal channel," are indicated on 
a strip-chart recorder connected to the 
other end of the low-pass filter. Kohl 
found that a recording speed of one inch 
per hour is sufficient, and so it is possible 
to use an inkless strip-chart recorder. 
The recorder should be rated at one mil
liampere of direct current. Since the re
corder is meant to have a slow response 
to the radio signal, a meter ("Fast-sig
nal meter") is installed ahead of the low
pass filter to indicate faster variations in 
the signal strength. This faster response 

/ 

enables the experimenter to adjust the 
gain controls as he is setting up the appa
ratus. The meter should also be rated at 
one milliampere of direct current. 

Besides keeping track of the periodic 
variations indicated on the strip-chart 
recorder Kohl also monitors the "noise" 
of the ionosphere with another circuit 
connected beyond the low-pass filter. 
This circuit measures the frequency (in 
times per minute) with which the signal 
reverses polarity. Each time the strength 
of the signal crosses a predetermined 
base line an impulse is sent to the count
rate circuit. For example, if the iono
sphere is relatively noisy, the signal 
strength may oscillate fairly rapidly 
around an average value several times 
per minute. This rapid variation will be 
counted. At quieter times the oscillation 
of the signal strength will be lower. The 
output of the count-rate circuit is sent 
through a filter and then through the 

Electric-field 
oscillation 

Roy of direct 
� slgnal 

/l_�agnet;C-f,eld 

��ormOI orientation e for ferrite-core antenna 

J;/ 
Antenna orientation:;, 
for nullifylnq direct viqnal 

The principles of Douglas A. Kohl's detection system 
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"noise channel" to another strip-chart 
recorder of the same type as the one 
recording the strength of the signal. 

Kohl employs the power-supply cir
cuit shown in the illustration on page 
238 to power all the circuits including 
the radio. Unless the radio has an un
usually high current requirement the 
heat-sink tabs on the voltage regulators 
(LM 340T-8 and LM 320T-8) will not 
need to be mounted on heat sinks. Kohl 
warns against eliminating the .1-micro
farad capacitors in this circuit. If they 
are left out, the rectifiers will interfere 
with the radio. 

Once you are ready to monitor the 
ionosphere you begin by tuning the ra
dio to a distant, weak station. (All the 
circuit modifications leave the audio 
part of the radio unaltered.) With the 
antenna horizontal adjust the weak-sen
sitivity control to maximize the sound 
from the station. That control is now set 
for the rest of the experiment. 

Tune the radio to the local station you 
have chosen for the experiment. Rotate 
the antenna about a vertical axis until 
the sound level is at a minimum. (You 
may have to rotate the radio too if the 
antenna is firmly attached to the case.) 
Adjust the gain until the needle on the 
fast-signal meter is at about half scale. 
Check the antenna to be certain it is at 
the optimum orientation for the mini
mum sound level. If it is, the needle 
on the fast-signal meter should be fluc
tuating slowly and the sound on the ra
dio should have varying amounts of dis
tortion. What you are listening to is 
the radio signal reflected from the iono
sphere. 

If the detector is surrounded by a 
good deal of metal, as it would be in an 
office building or an apartment house, 
you may have difficulty eliminating the 
direct signal from the transmitter. Try 
different locations until you find a suit
able one. You can determine the suit
ability of the location by watching the 
fast-signal meter. If the nullification of 
the direct signal is adequate, the nee
dle on the meter will fluctuate steadily. 
The low-pass filter smooths these rapid 
changes so that the strip-chart recorder 
on the signal-channel output responds 
to slower variations in signal strength. 
It takes about five minutes for the re
corder to trace out a change in the sig
nal strength. The noise channel requires 
no adjustment. 

A sinusoidal trace on the signal-chan
nel output implies that a gravity wave 
is passing through the region where the 
radio signal is being reflected. Accord
ing to Kohl, the pattern emerges out of 
small and seemingly random changes 
in the display on the recorder. The time 
between crests on the trace may be from 
five to 40 minutes, but usually it ranges 
from 15 to 25 minutes. 

One shortcoming of the basic receiver 
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More recorders 
ask fOr Fl1ii by 

name than any 
other brand. 

Recorders are very outspoken 
in their preference of tapes. 

Take video recorders. 
They insist on Fuji VHS and 

Beta videocassettes. Put in anything 
less and they may give you snow. 
Washed-out or shifted colors. Or all 
kinds of distortion. 

(1 
Unhappy audio recorders with-

�� 
out Fuji audiocassettes stubbornly 

\fG1)�.' 

. 

��"/ 

give you less music in return. Plus '" ,.. 
distortion on loud music. Noise dur-
ing soft passages. And limited . 

200 

frequency response. Problems our \ � .. �ti 
premium FX-I, FX-II and our low- �:r 
noise FL help you overcome. � 

Then comes new Fuji Metal 

� � 

Tape. Cassette recorders equipped for , "! 
metal are all in love with it. Not just

. 
� 

because it won't clog heads or jam. . 
But because of its inaudible noise. 
Greatly expanded dynamic-range. 
And smooth, ultra-wide response. 

So watch and listen. 
If you see or hear your recorder 

talk, ·you'll know what it's asking for. 
Fuji. The tape that makes it look and 
sound its best. 

[?(!JJcillOLJ&[P� 
One brand fits all. Better. 

Magnetic Tape Division. Fuji Photo Film U. S. A., Inc. 
350 Fifth Avenue. New York. New York 10001 (212) 736-3335 

�� � 
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system is that it responds to interference 
from many sources, such as fluorescent 
lamps and strokes of lightning. To elim
inate the interference Kohl sets up an
other detector system near the first one. 
The antennas of the two receivers are 
approximately parallel but the second 
antenna is tuned to a frequency that 
is different by about 100 kilohertz (but 
a frequency not used by a local radio 
station). The electrical signal in one an
tenna therefore does not stimulate a re
sponse in the other. 

The first receiver still responds to the 
signal reflected from the ionosphere and 
to interference from other sources. The 
second set responds only to the interfer
ence. The outputs from the two sets are 
run through a difference amplifier, for 
which the circuitry is given in the third 
illustration from the top on page 240. 
The amplifier provides only the differ
ence in the two signals from the receiv
ers. As a result the final output lacks 
the interference signal and contains 
only the signal reflected from, the ion
osphere. 

With two additional sets one can mea
sure the altitude at which the signal was 
reflected in the ionosphere. The sets are 
identical with the first two except that 
their antennas are vertical. In a horizon
tal antenna the reflected signal ind uces a 
response proportional to the sine of the 
angle between the horizontal and the ray 
coming from the ionosphere. The re
sponse in the vertical antenna is propor
tional to the cosine of the angle. The 
tangent of the angle can be calculated by 
finding the ratio of the response in the 
horizontal antenna to the response in the 
vertical antenna. (The receivers should 
be identical or the ratio will be off.) 

The ray being received left the trans
mitting antenna at roughly the same an
gle with respect to the horizontal. Calcu
late the altitude of the reflecting layer by 
estimating the horizontal distance to the 
transmitting antenna (on the assump
tion that between the detector and the 
transmitter the earth is flat). The altitude 
of the reflecting layer of the ionosphere 
is half the distance to the transmitter 
multiplied by the tangent of the angle. 

The altitude of the reflection depends 
on the frequency of the radio signal. The 
higher the frequency, the greater the al
titude at which the signal is reflected. 
One can monitor the gravity wave at 
two different altitudes in the ionosphere 
by tuning two basic receiver systems to 
two different frequencies. Each system 
has one radio receiver to monitor the 
reflected signal at the chosen frequency 
and another receiver for the purpose of 
eliminating the environmental interfer
ence. Kohl recommends working with 
the signals from two local radio stations 
that are in approximately the same di
rection from the apparatus. One receiv
er should operate at a frequency' near 
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1,500 kilohertz, the other at one close 
to 600. 

If the gravity-wave tracings are simi
lar on the two sets, the wave extends 
over a rather large vertical distance. 
Dissimilar tracings would imply that the 
gravity wave was propagating through a 
relatiyely narrow layer. To do the exper
iment thoroughly you need eight radios, 
four operating at each end of the AM 
band. Two of each four have horizontal 
antennas. One set is tuned to a local sta
tion and the other acts merely as a re
ceiver for the interference so that the 
interference can be eliminated. The oth
er two radios in each set of four serve in 
the same way except that their antennas 
are vertical. By finding a ratio of the 
responses from the vertical antennas to 
those from the horizontal antennas the 
experimenter can determine the altitude 
at which the radio signal was reflected. 
The same kind of calculation can be 
made at the other end of the AM band. 
You will find that radio signals at dif
ferent frequencies reflect at different al
titudes. 

The frequency dependence of the re
flection is related to the way a radio 
wave is reflected by the ionosphere. The 
radio signal is composed of oscillating 
electric and magnetic fields, which inter
act with the ions. The primary interac
tion is through the electric fields, and so 
I shall ignore the magnetic ones. I shall 
also consider the radio wave to be line
arly polarized, so that the electric fields 
oscillate along a single axis perpendicu
lar to the ray of the radio signal. When 
the radio wave sweeps past the free elec
trons at these altitudes, its electric fields 

create an electric force on the electrons, 
causing them to share the axis of oscilla
tion of the electric fields. (The motion of 
the heavier ions can be ignored; since 
their mass is larger, their oscillations are 
much smaller.) In the usual model of the 
interaction of radio waves and electrons 
the radio wave is said to be absorbed 
by the electrons and then reradiated by 
their oscillation. Unless the reradiated 
wave is reflected it travels in the same 
direction as the incident wave and ap
pears to be a continuation of that wave. 

The electrons' frequency of oscilla
tion is called the plasma frequency. If 
the frequency of the radio signal is high
er than the plasma frequency, the signal 
continues to travel through the ion lay
er. If the radio frequency is lower than 
that critical value, it penetrates only a 
few centimeters and then is reflected. 
The plasma frequency in the ionosphere 
is approximately three megahertz; its 
actual value depends on the concentra
tion of electrons. The greater the con
centration, the higher the plasma fre
quency. At the bottom of the ionosphere 
the concentration of electrons increases 
with altitude. Hence a radio signal prop
agates upward through the ionosphere 
until it reaches an electron concentra
tion large enough to reflect it. If the sig
nal does not encounter such a concen
tration, it simply propagates through the 
ionosphere and out into space. 

A radio signal at the low-frequency 
end of the AM band reflects from a rela
tively low point in the ionosphere. A sig
nal at the other end of the band must 
travel higher before it is reflected. Kohl 
employs this relation to sample the ef-

.1 }Af, 100 V 

I 

fects of gravity waves at the two alti
tudes of reflection. 

As I have mentioned, in one of Kohl's 
setups he nullifies the direct signal from 
the transmitting antenna by means of a 
vertical receiving antenna that does not 
respond to the horizontally oscillating 
magnetic fields in the linearly polarized 
signal. If the signal reflected from the 
ionosphere were likewise linearly polar
ized with its magnetic fields oscillating 
horizontally, it too would not generate a 
response in the antenna. Fortunately the 
polarization of the signal is altered by 
the reflection in such a way that it can 
generate a response. When electrons in 
the ionosphere are set in motion by the 
oscillating electric fields of the radio 
wave, they are also affected by a mag
netic force resulting from the presence 
of the earth's magnetic field. The mag
netic force comes into play only when 
the electrons have velocity, so that the 
force does not operate until the radio 
wave arrives. The magnetic force makes 
the charges circle the ray of the radio 
signal. 

The interaction of the electric fields 
of the radio wave, the earth's magnet
ic field and the motion of the electrons 
is usually handled mathematically by 
imagining that the radio wave consists 
of two waves traveling in the same di
rection. Neither wave has the linear po
larization of the wave from the trans
mitting antenna, but the two together 
mathematically give rise to it. The ad
vantage in splitting the wave into two 
parts is that the polarization of the re
flected wave is easier to explain. 

The two imaginary radio waves are 

+9 V 

To pin 7 of all 
741'5 and 3140 

�� ______ �� ______ � ________ To radios 
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Buy now and get FREE Solid State Software Libraries. 

TI Programmables lead the field 
in performance, quality and value. 
When you're choosing a program
mable calculator consider: Power. 
Thtal software support. Flexibility. 
And price/performance. You'll dis
cover a clear-cut answer. A TI Pro
grammable 58C or 59. 

The TI-59 has up to 960 program 
steps or up to 100 memories. Mag
netic card read/write capability lets 
you record your own custom pro
grams or those received from 
PPX ( P r o f e s s i o n a l  P r o g r a m  
Exchange). 

The TI-58C features up to 480 
program steps or 60 memories. And 
it has TI's Constant Memory ™ fea
ture that retains data and program 
information even when the calcula-

Choose from these. 

tor is turned off. 
And now free modules give you 
that added productivity you need. 
From August 15 to October 31 , 1980 
is your special opportunity to pur
chase one of the world's most ad
vanced programmable calculators. 
And get a minimum of $40 worth of 
free software modules with a TI-
58C. Or, when you buy a TI-59 , get 
a minimum of $80 worth of software 
modules and an $18 one-year mem
bership in PPX. This will allow you 
to select up to 3 programs (from 
over 2,500) written by professionals 
in your field. 

Visit your TI retailer for more in
formation , and let him help you se
lect the TI Programmable and free 
software that's right for you. 

lor; bought;"TI-58C, -;d -;;;;; m-;!re;;;;odule Here i;l 
111)' first choice and an alternate. o I've bought a TI-59, send me my two free modules and 
my membership (which entitles me to select three pro
grams from the source catalog at no charge). Here are my 
module choices and an alternate. 
1. 2. _____ _ 
3. �=_:_;;_;_;;:=:_==_: Send to: TI Library Offer, P.O. Box 1984, Lubbock, TX 79408. 
Return this coupon: (1) with customer information card 
(packed in box), (2) a dated coPY of proof of purchase, 
between Aug 15 and Oct 31, 1980 Items must be post
marked by Nov 7, 1980. 

Name 

Address 

City State Zip 

Calculator Serial Number (from back of unit) 
Please allow 30 days for delivery Offer void 

I �here prohibited Offer good in U.S. only. L!lr�therigllt.!!!Ubst�m!!!!.Ies. _ _  _ 
'U,S, suggested retail for all Li
braries is $40, except Farming, $55, and Pool Water Analysis, $45. 
"For use with TI-59 only 

SA 

Fifty Years of Innovation 

� 
Texas IflStro ments technology - bnnging affordable electronics to your fingertips. 

'us suggested retail price, TEXAS INSTRUMENTS 
© 1980 Texas Instruments Incorporated INCORPORATED 45735 

© 1980 SCIENTIFIC AMERICAN, INC



Signal
channel 
output 

TravelinCj 
ionospheric 
disturbance 

� 
I 
I 

Time (one-hour increments) ---------
How a traveling ionospheric disturbance is represented on a strip-chart recorder 

Noise- High 
channel noise 

Low 
noise output� _________ � � 

Zero 

I I I 
1 
1 
1 
I 
I 

lime (one- hour increments) --------
A trace from the noise channel 

From 
detector output 
of radiO 1 

�-�AAAJ\A-_ 
L-- 27 K 

27 K 

Output continue::. 
to rest of 

siqnal- channel 
and nOise-channel 

.-

__ C_ir_c..,u;t\ 

--. 
741 

�-'VW\IV'--�---1+ >----.1>---- IJ? 1 

r
Q21 iL From 

detector output 
of radio 2 

22M --' 

The circuitry of the difference amplifier for eliminating local interference 

Head - on view of InCident ray 

Linearly 
polarized 

/ \ 
/----l- "-

( ') \ \ I 
\ / 
" / '- /' 

Circularly 
polarized 

.......... __ ....... 

Head-on view 
of reflected ray -----1 

I "-
I "-

\ f. \ \ \ 
\ 1 

" I 
'- '/ 

'-_/ 

Elliptlcolly 
polarized 

A change of polarization of a radio wave as a result of ionospheric reflection 

240 

polarized not linearly but circularly. 
The axis of polarization of one wave 
rotates about the ray of the radio signal 
in one direction, and the axis of polari
zation of the other wave rotates about 
the ray in the opposite direction. Be
cause of the presence of the earth's field 
the two waves propagate through the 
ionosphere at different speeds. In the ter
minology of optics the ionosphere is bi
refringent. 

The two radio waves not only propa
gate through the ionosphere different
ly but also are reflected differently. In 
some cases one wave will be partially 
transmitted through the ionosphere and 
partially reflected. The other, having the 
opposite sense of circular polarization, 
may be completely reflected. The com
bination of the two reflections gives rise 
to an elliptically polarized wave: one 
whose electric fields rotate about the ray 
tracing out an ellipse rather than a cir
cle. (The bottom illustration at the left 
represents one possibility for the reflect
ed signal.) The point is that although 
a linearly polarized radio wave enters 
the ionosphere, an elliptically polarized 
wave is reflected. The magnetic fields 
of such a radio wave also trace out an 
ellipse and therefore will periodically 
be parallel to the antenna of the radio 
receiver. This is the phenomenon that 
causes the reflected signal tQ generate a 
response in the receiver. 

During the day the radio signals are 
reflected in a layer of the ionosphere 
known as the D layer. At an altitude of 
from 60 to 90 kilometers, this layer is 
characterized by gas densities that are 
high and electron concentrations that 
are low compared with the atmosphere 
at higher altitudes. When the sun sets, 
the electron concentrations decrease in 
this layer because the ultraviolet radia
tion needed to produce the ions is no 
longer present. 

At night the signals reflect from the E 
layer, which extends from about 90 to 
150 kilometers. The temperature rises 
with altitude throughout the E layer, 
starting at a minimum near 85 kilome
ters that is known as the mesopause. 
Above the E layer is the F layer, which 
extends to an altitude of about 500 kilo
meters. 

Periodic disturbances in the three lay
ers have long been observed. In 1960 
Colin O. Hines proposed that some of 
the disturbances could be accounted for 
by atmospheric waves. The waves are 
still not well understood, particularly 
with respect to their origin and ener
gy. They may be initiated by thunder
storms, strong winds deflected by moun
tains, tidal waves, earthquakes, the au
roral and equatorial electrojets, the jet 
stream and heating during auroral and 
polar substorms. At times the waves ap
pear to be ducted, that is, trapped into 
propagating horizontally between two 

© 1980 SCIENTIFIC AMERICAN, INC



DEWAR'S® 
PROFILE 

DAVID MANWARING 
BORN: Hendersonville, North Carolina, 
1946. 
HOME: Brooklyn, New York. 
PROFESSION: Theatrical artisan. 
REVIEW: His armor for Lynn 
Redgrave's "Saint Joan" is regarded 
as some of the most realistic 
costuming and props on Broadway. 
And it's typical Manwaring. 
QUOTE: "Theatre can no longer afford 
to cheat the imagination. The stage 
must compete with film and television; 
and my art must be more sophisticated 
... more authentic ... to be equally 
convincing." 
BIGGEST ACCOMPLISHMENT: The 
T-tall flocked-latex Incredible Hulk 
costume. "It looks real, moves right. 
and folds for shipping." 
FIRST HERO: The Creature from the 
Black L agoon. "The first great 
costume; you weren't entirely sure 
there was a man inside." 
DREAM: The right tools, enough time, 
and an impossible assignment. 
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Especially, straight up. "I like to sip it, 
slowly, after beating a deadline." 
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WE ASKED OUR MATHE MATICAL MODEL 
HOW 10 IMPROVE THE ENERGY COST 
EFFECTIVENESS OF A COMBUSTION HEATING SYSTEM. 
IT 10LD US: THINK BIG. 

COtv1BUsnON SYSTEMS SIZE 

THE ENERGY-SAVING 
POTENTIAL OF OVER
SIZED COMPONEN TS IS 
ONE OF THE SURPRISING 
IDEAS WE'VE UNCOV
ERED IN DEVELOPING 

DIGITAL MODELS TO 
SIMULATE ENERGY CON
VERSION SYSTEMS 
UNDER ACIUAL OPER
ATING CONDITIONS. 

Just as the idea that "smaller 
is better" was beginning to gain 
universal currency, a Honeywell 
research team was getting its 
first look at data which suggested the 
opposite conclusion. 

Our research results showed 
that, in a number of situations, 
high efficiency heating systems 
consume signi ficantly less energy 
when they are sized with a larger 
heat exchanger surface per unit 
of energy input. This indicates 
that energy efficiency problems are 

complex, requiring individual 
case engineering rather than pre
conceived generalizations. 

Engineering, however, has little 
to do with how our research 
efforts managed to stay one step 
ahead of conventional industry 
practice. The credit, in this case, goes 
to a research team headed by a 
physical chemist and a mathematician. 
With their unique combination of 
experience and skills, they developed 
a mathematical model which 
allows them actually to simulate 
and optimize the dynamics of 
a combustion heating system under 
field operating conditions. 

Although Honeywell engineer
ing is world-wide, the bulk of 
basic research and applied research 
is done in Minneapolis. The most 
recent Quality of Life Study con
ducted by Midwest Research 
Institute shows Minnesota to be one 
of the best places in the country 
to live and work considering 
cultural, social, economic, educa
tional and political factors. 

The Twin Cities is the home 

So, without having to rely on 
lengthy and expensive field 
experiments, we can evaluate current 
and new options available to any 
combustion heating system. And 
quickly get an accurate idea of 
what the cost/efficiency trade-offs are. 

This, and additional models for 
compression refrigeration equip
ment, gas-fired heat pumps, and 
process control systems, use inputs 
obtained from field measure
ments. And predictions based on 
data from these models have been 
verified by key experiments. 

The insights gained from 
mathematical models help Honeywell 
engineers develop control 
systems strategies to do a better 
job of energy management. 

In an imperfect world, the 
creation of mathematical models 
may be the key to identifying 
our most important problems. And 
solving them. 

If you are interested in learning 
more about Honeywell's research 
work in mathematical modeling, . 
you are invited to correspond with 
Dr. Ulrich Bonne. If you have an 
advanced degree and are inter
ested in a career in systems analysis, 
solid state electronics, sensors, 
or material sciences, please write 
to Dr. W. T. Sackett, Vice President. 
Both may be reached at this address: 
Honeywell Corporate Technology 
Center, 10701 Lyndale Avenue South, 
Minneapolis, MN 55420. 

Honeywell 

of many of America's advanced 
technology companies employing 
a great many scientists and 
engineers. This ideal research 
environment is further enhanced 
by Honeywell's ongoing program 
of affiliation with universities 
across the country: The University 
of California at Berkeley, MIT, 
Stanford, Carnegie Mellon, Illinois, 
Cornell, Waterloo of Ontario, 
Caltech, and Minnesota. 
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boundaries, one below the duct and one 
above it. Such waves may leak energy 
into the region above the duct and pro
mote traveling ionospheric disturbances 
at higher altitudes. 

The gravity waves detected by Kohl's 
apparatus are sometimes called internal 
gravity waves to distinguish them from 
acoustic gravity waves. The internal 
wave is considered to be a transverse 
one (the air oscillates perpendicular to 
the direction of travel of the wave) with 
a period of from 270 seconds to four 
hours. The acoustic wave is considered 
to be a longitudinal one (the air oscil
lates parallel to the direction of travel of 
the wave) with a period of less than 270 
seconds. Both kinds of wave can be gen
erated by large-scale disturbances in the 
atmosphere. 

The acoustic gravity wave is a com
pression wave like a sound wave. The 
internal gravity wave, on the other hand, 
requires a gradient in the atmospheric 
density in order to exist and therefore is 
not found in the air at ground level. At 
greater altitudes the decrease in densi
ty is sufficient to support such a wave. 
When a parcel of air is displaced, ei
ther its buoyancy or its weight acts to re-

turn it to its initial height. If the par
cel is displaced downward, buoyancy 
pushes it back upward. If it is displaced 
upward, its weight pulls it back down
ward. Through this mechanism a distur
bance in the atmosphere can make the 
parcels of air oscillate around their eq ui
librium height and so can support a 
wavelike phenomenon moving through 
the air. 

However the wave is initiated and sus
tained, one of its effects is on the concen
trations of the electrons that are respon
sible for reflecting AM radio signals. 
Therefore the waves can be detected 
and monitored with Kohl's apparatus. 
You may be able to demonstrate hori
zontal propagation of the waves if you 
and a friend at a distance operate similar 
detection systems. Although the corre
lation of gravity waves with events such 
as large thunderstorms and solar flares 
is difficult, you may want to try. Kohl's 
apparatus can also be applied in the 
study of other ionization phenomena 
such as the irregular and transient ioni
zation known as sporadic E, which is 
thought to result from the interaction of 
the earth's magnetic field with winds in 
the E layer. 
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A mateur 
Jelescope 

MoJdng 
Edited by Albert G.lngalls 
Foreword by Harlow Shapley 
This three-book set is the 
authoritative reference library 
of the enthralling hobby of 
amateur telescope making. 
Through these books thou
sands have discovered a fasci
nating mechanical art com
bined with a great science. 
BOOK ONE begins at the 
beginning, teaches the basics 
of glass grinding and how to 
complete the first telescope. 
(510 pages, 300 illustrations.) 

BOOK TWO leads on into ad
vanced methods of amateur 
optical work and describes 
new projects for the tele
scope maker. (650 pages, 
361 illustrations.) 

BOOK THREE opens up 
further fields of enterprise: 
binoculars, camera lenses, 
spectrographs, Schmidt 
optics, ray tracing (made 
easy). (646 pages, 320 
illustrations.) 

rSCIENTIFIC -------, I AM E RI CAN ATM Dept. I 415 Madison Avenue. New York, N. Y. 10017 I 
Please send me postpaid the 
following AMATEUR TELE
SCOPE MAKING books . 
My remittance of $ __ 
is enclosed. 
o BOOK ONE 
o BOOK TWO 
o BOOK THREE 
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SOME 
SERIOUS NOTES 

ON MOVING. 
By Victor Borge 

When you move, make sure 
your mail arrives at your new ad
dress right after you do. 

The key is this: Notify every
one who regularly sends you mail 
one full month before you move. 

Your Post Office or Postman 
can supply you with free Change
of-Address Kits to make notifying 
even eaSIer. 

(2' J One last serious note. 
Use your new ZIP Code . � ® 

Don't make 
your mail come looking for you. 
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Notify everyone 
a month before you move. 

'" USPS 1980 
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A report on the great American forest. 

Good forest management 
means growing more trees. 

Mot sharing shortages. 
Who owns America's commercial forests? 

Commercial forest acreage owned by the forest indus
try, government, and non-industrial private owners. 

It's no accident that the 
most productive forests in 
America are those o wned 
and managed by the forest 
industry. 

crops of trees for harvest. It 
includes land in National 
Forests but not in National 
Parks or Wilderness areas. 

Although they make up 
only 14% of the commercial 
forestland, they provid e  
29% o f  t h e  annual timber 
harvest. 

And how much do they produce? 

On all commercial for
estland, tree growth per acre 
averages only 61% of pot en
tial, w h i ch i s  n o t  g o o d 
enough. The greatest room 
for improvement, however, 
is in Nat i o nal Fo r e s t s ,  
where trees now grow at 
only 48% of potential. 

Annual harvest from commercial forests owned by the 
forest industry, government, and non-industrial pri

This is because the in
dustry has learned that it's 
not only possible to grow 
more trees faster, but also 
imperative. 

It's a race against time: 
Every year Americans need 
more lumber and plywood to 
build homes. More furniture 
to make them liveable. More 
paper and pulp to print the 
books and periodicals that 
ed u c a t e ,  e n l ighten a n d  

vate owners. 

Industry 
29% "'------1r;.w.;m 

entertain. More packaging and containers for thou
sands of essentials, from milk to machinery. 

The sobering fact is that within 50 years U.S. de
mand for wood and paper products is expected to 
double. 

Yet not all tIre nation's commercial forests are 
working equally hard to get ready. 

What is a commercial forest? 
Commercial forest, as defined by the U.S. Forest 

Service, is all forestland - whether owned by individ
uals, gove rnment or the forest industry - that is cap
able of, and potentially available for, growing repeated 

. .. 

Source: U.s. Forest Service 

Yet as the industry has 
shown, the growth cycle can 
be speeded by applying such 
techniques as: encouraging 
natural regrowth, planting 
superior seeds and seed
lings, fertilizing, thinning 
and protecting trees from 
disease, insects and fire. 

How soon can we start growing more trees? 

Since we clearly have the know-how to grow more 
and higher-quality trees, how soon can this nation get 
on with the job of increasing productivity on all com
mercial forestlands? 

The first step is to understand the problem. If 
you'd like to learn more about the importance of Amer
ica's forests and the challenges they face, send for a 
free booklet, "The Great American Forest." Write 
American Forest Institute, P.O. Box 873, Springfield, 
VA 22150. 

The great American forest. Trees for tomorrow. 
And tomorrow. And all the tomorrows after that . 

Trees. America's - renewable resource. 
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Mind Tickling Brain 
Teasers By E. R. Emmet 

For the novice who finds fun and 
satisfaction in solving problems of 
logic. This is a marvelous book to en
trap the beginner in the life-long 
pleasures of problem solving. It pro
vides exercise for the mind. develops 
the ability to think logically and rea
son effectively. As the book prog
resses the degree of difficulty in
creases and upon completion the be
ginner is prepared to tackle the next 
of Mr. Emmet's books. No special 

knowledge of mathematics is required. Answers and full 
explanations to each puzzle are provided at the end of the 
book. 

Humorous Illustrations and a colorful cast of characters 
add to the fun 

58.95 plus 95c handling 

Brain Puzzler's 
Delight By E. R. Emmet 

A t r e a s ury of un ique m i n d
stretching puzzles that can b e  
solved b y  straight, logical thinking 
and reasoning. No specia l i ze d  
math. Offer t h e  p l e a s ur e s  o f  
discovering solutions through use 
of ingenuity, imagination, insight 
and logic. Stimulates and refreshes 
the mind. Fascinating, entertaining 
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"A lot of coal in America
millions of tons, in fact- is too deep 
or too slanted to be mined by any 
conventional techniques," says Gulf 
Engineer Jerry Daniel. "At Gulf, 
we're working with the Department 

Air through injection well supports combustion 
of coal at A, fire heats coal at B, which produces 
gas recovered through production well, C. 

of Energy on a way to extract the 
energy from that coal without min
ing it. We drill an injection well to 
set fire to the coal. By burning some 
of the coal, we heat up the rest, 
which causes it to produce gas. 
That's why it's called underground 
coal gasification. 

"We had a test burn here in 
Rawlins, Wyoming, late in 1979, and 
we're setting up another one. Our 
hope is that by 1990, industry will be 
able to use this kind of synthetic gas, 
which of course will make us less 
dependent on expensive imported 
crude oil as an energy source. 

"At Gulf, our first priority is to 
get all the oil and natural gas we can 
out of resources right here in 
America. But we're working on a lot 
of other good ideas, too. Under
ground coal gasification is one of 
them; and we're working with 
synthetic fuels, tar sands, geother
mal energy, and other alternative 
energy sources. 

"Overall, you might say that the 
business we're really in is the 
business of energy for tomorrow." 

EI� 7 7 

GuHpeople: 
energy for tomorrow. 

Gulf Oil Corporation 

"Someday we may use gas from coal 
the way we now use natural gas." 
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Lockheed knows how. 
The aircraft you see above-the SR-71 and the L-1011 
TriStar-are worlds apart in performance, yet each represents 
a significant aerodynamic advance. 

The SR-71 flies for the Strategic Air Command-higher, 
faster than any 
other aircraft. Look 
at the chines on the 
front of the SR-71 at 
the right. Without 
them, most of the 
"lift" would be in 
the rear-and the 
aircraft would dive 
as it flew. With the chines, lift also is spread across the 
fuselage, helping the SR-71 to cruise over 2000 mph. The 
SR-71 was the first operational aircraft to use chines. Now 
you find them on advanced fighters. 

The Ae rodynamic Fuel Savet 
A unique aerodynamic advance on the L-1011 TriStar is help
ing airlines save fuel. Note those long wings. They've been 

lengthened nine feet since the L-1011 first flew. 
An exclusive system of computer-driven Active Control 

Ailerons made this possible without costly, time-consuming 
redesign. Automatically, they work in flight to reduce wing 
structural loads, decrease drag, produce a smoother 
ride-and save enormous amounts of fuel over the life of 
each L-1011. 

In the future, other jetliners will have Active Controls, long 
after they first appeared on the L-1011. 

The Ae rodynamic Range Stretchet 
The Navy told Lockheed that its newest fleet ballistic missile, 
Trident, must have twice the range of the earlier Poseidon. 
But Trident's overall physical dimensions could not be any 
larger than Poseidon's. 

This meant Lockheed had to 
give Trident a blunt nose. 
(Poseidon had employed a sharp, 
aerodynamically efficient nose.) 
This also meant more aero
dynamic drag-and drag works 
against range. 

The solution: fool Mother 
Nature. Lockheed engineers 
developed an ingenious tele
scoping spike that extends more 
than four feet and locks into 
place at a precise moment after 
Trident is launched. 

Instead of flying through the 
atmosphere with the blunt nose 
slamming into air, a small disc 
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at the front of the aerospike diverts airflow and creates the 
aerodynamic illusion that Trident is bullet-shaped. This 
spike, along with other advances, enabled Lockheed to meet 
the Navy's requirement of doubled range. 

The Airlifter Afte rbody  Champion. 
Airlifters are a special breed. To airdrop large equipment, 
they need wide rear doors that create a flat, two-dimensional 
surface. To provide fast, easy loading, their cargo decks must 

almost hug the ground-and this means airlifters need a 
highly upswept fuselage afterbody to let the tail clear the 
ground on takeoff, particularly short field takeoff. Both the 
flat rear surface and upswept afterbody create aerodynamic 
drag that you do not encounter in passenger jetliners. 

This caused the first great airl ifter, Lockheed's C13D 
Hercules, to have 10% of its overall drag in the afterbody. 
Shrewd linking of structural, mechanical and aerodynamic 
efforts enabled Lockheed to reduce afterbody drag on the 
second great airlifter, the C-141 StarLifter, to 3%. In the third 
great airlifter, the huge c-s Galaxy, Lockheed engineers 
chiseled afterbody drag down to an incredible 1%. 

The Aero dynamic Lift/Drag Champion. 
In aerodynamics, lift is good, drag is bad. The more lift and 
the less drag, the more efficient the aircraft. And that's where 
the U-2 reconnaissance aircraft stands out. Those long, 
slender wings give it the highest I ift-to-drag ratio of any 
operational powered aircraft in the world. But there's even 
more to the U-2's stellar record. The wings are so successful, 
in part, because they are extremely I ight in weight. Manu
facturing those feathery wings was as great a triumph as 
designing them. 

The U-2 story is far from over. An advanced version, the 
TR-l recently entered production at Lockheed. 

What's next? Lockheed's past and present record says new 
advances are coming, in many forms of flight. 

Lockheed 
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