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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 
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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. 

© Questar Corporation 1980 
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Box CAT20, New Hope, PA 18938 
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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 
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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 

3 -4 13 
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7,337 
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-1 
58 
3 
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49 
27 

FINAL 
DELIVERIES 

BALANCING 
ENTRIES 

21 .. E .g 
OJ .§ 
]! ,e 

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 

FREE! 
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. 

For your free kit, send the coupon below � 
or write Eastman Kodak Company, Dept. 841, 1880 � 1980 
343 State Street, Rochester, NY 14650. 
Cl Eastman Kodak Company. 1980 
Eastman Kodak Company, Dept. 841, 343 State Street, Rochester, NY 14650 
Please send me a free science fair kit (C-211). 
Namc __________________________________________________________ __ 
Addrt'SS ________________________________________________________ _ 

City _______________________ Slale _______________ Zip ____________ _ 
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I Now you can make a start on learning comes in two volumes: You may order one I 
• to speak German with the same mate- or both courses: • 

rials used by the U.S. Department of 0 Volume I. Programmed introduction to I • State - the Foreign Service Insti.tute's German, 9 cassettes, 12 hours and 

• Programmed Introduction to German and 647·page text, $115. I 
Basic Course, Continued. 0 Volume II. Basic Course, Continued I • The FSI spent thousands of dollars and (More Advanced) 8 cassettes, 8 'f, 

I many years developing these materials hours and a 333·page text, $ 98. I 
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• • The Foreign Service Institute's German TO ORDER, JUST CLIP THIS AD and mail 

• Course is by far the most effective way to with your name and address, and a check • 
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• tape cassettes and accompanying text· Charge, Diners Club) by enclosing card I 
book. You simply follow the spoken and number, expiration date, and your • I written instructions, listening and learn- Signature. 
I ing. By the end of the course you'll find • 
• yourself learning and speaking entirely in The Foreign Service Institute's German • 
• 

German! A native German speaker, clearly course Is unconditionally guaranteed. Try 
I recorded on the cassettes, provides an ex. it for three weeks. If you're not convinced 

I cellent model to help you develop your it's tne most convenient and most painless I 
skills. way to learn German, return it and we'll reo 

I I ThiS course turns your cassette player 
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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 
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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 

n 59 . . . . . . . . $205.99 n MBA. . . . . . . . . 52.99 n 58C . . . . . . . . . 88.99 n 8A2 . . . . . . . . . 38.99 n PCl00C . . . . . 158.99 n 1M Anal I. . . . 18.99 n 5815!1 Ubr . . . . 31 .99 n .. CII'II . . . . .  38.99 n PROS . . . .  , . . . 48.99 n III. Anal . . . . . 41.99 n 57 . . . . . . . . . . 48.99 n 5040 . . . . . . . . 72.99 n 55 . . . . . . . . . . 32.99 n $pI1k' Spell . . .  58.99 
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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�� New and Outstanding Dover Scientific Books �� 
l\'" . . . From $ 2 . 50 to $ 8 . 95 '-'/j Write for absolutely FREE new Complete Dover Science Catalog 

ASTRONOMY 
STAR NAMES: THEI. LORE AND MEAN ING, Richard H. 
Allen. Scholarly study 01 star lore: star names, the 
zodiac, constellations; folklore and literature associated 
with heavens. 563pp. 5% x 8%. 21079'() Pa. 16.00 

THE RESTlESS UNIVERSE, Mo. Born. Nobel Laureate ex­
plains waves and particles, atomic structure, nuclear 
physics, similar topics. 1 32 i l lustrations. 7 IIf1 ip" se­
quences. 31 5pp. 6% x 9y'. 20412-X Pa. $4.SO 
BURNHAM'S CElESTIAL HANDBOOK, Robert Bur ... 
ham, Jr. Exhaustive and fascinating compilation of data. 
facts, legends about stars beyo,nd our solar system: An­
dromecta to Cetus in Vol. 1; Chamaeleon to Orion in Vol. 
2; and Pavo to Vulpecula in VQI. 3. Hundreds of i l lustra· 
tions. Index in Vol. 3. Total of 2OOOpp. 6% x 9%. 

23567-X, 23568-8, 23673'() Pa., Three-vol. set $26.85 

THE PLANET SATU RN, A.F, O'D. Alelonder. Luc id, ency­
cloped ic account of observation, theory and discovery 
of Saturn; from ancient times to 1 960. 45 i l lustrations. 
474pp. 5% x 8y'. 23927-6 Pa. $8.00 

THE DISCOVERY OF NEPTUNE, Morton Grosser. Inves­
tigations leading up to actual discovery of eighth planet. 
Dramatic scientific history by well·known historian of 
science. 1 72pp. 5 % )( 8�. 2372&.5 Pa. 53.00 

SUNSPOTS, •• J. Broy ond R. E. Loulhheod. History 01 
observation, methods, properties, etc. Definitive, semi· 
technical coverage of "most fundamental manifestation 
of solar activity." 43 i l lustrations. 368pp. 6% )( 9X. 

63731-X Pa. 16.00 

THE HISTORY OF THE TElESCOPE, Henry C. Kina. In­
comparable, facHilled account of all the important in· 
novations in telescope technology from invention in 
1 7th century through construction of 2()()..inch Hale tele­
scope at Mt. Pa lomar. 1 96 i l lustrations. 472pp. 6� )( 9X. 

23893-11 Pa. $8.95 

THE SEARCH FOR EXTRATERRESTRIAL INTElLIGENCE, 
Natio�1 Aeronautics and Space Admini.tration. Solid 
NASA study of methods for deteCting incom ing radio 
signals. Scientific rationale, search systems, planetary 
detection, Soviet program, etc. 28 i l lustrations. 1 92pp. 
6X )( 9X. 2389(}3 Pa. $3.00 

PHYSICS 
EI NSTEIN'S THEORY OF RELATIVITY, Max Born. Finest 
semi-technical account; covers E instein, lorentz. Min­
kowski,  and others. 376pp. 5y' )( 8X. 6076� Pa. $4.00 

GEOMETRY, RELATIVITY AND THE FOURTH DIMEN­
SION, Rudolf Rucker. Popular yet profound exposition 
of fourth dimension, means of visual ization. concepts of 
relatiVity. 141 i l l ustrations. 1 33p. 5% x 8X. 

23400-2 Pa. $2.75 

THE STRANGE STORY OF THE QUANTUM, Bonesh 
Hoffmann. Non-mathematical but thorough explanation 
of work of Planck, E i nstein, Bohr. Pauli, Heisenberg. 
Dirac, etc. " Postscript 1 959." .285pp. 5% x 8�. (Avai l able 
in  U.S .  only) 20518-5 Pa. $3.00 

THE RISE OF THE NEW PHYSICS, A. d'Abro. Most thor­
ough exposition on semi-technical  level of mathematical 
phYSiCS, Newton to Heisenberg. 97 i I Iu�trations. 982pp. 
5% x 8X. 20003-5. 20004-3 Pa., Two vol. set $12.00 

INTRODUCTION TO THE THEORY OF RELATIVITY, 
Peter G. Bergmann. Systematic coverage of Spec ial,  
General and Unif ied Field Theories. Foreword by E i n­
stein. 1 976 edition. 10 figures. 307pp. 5% x 8�.  

63282·2 Pa. $4.00 

PHYSICAL PRINCI PLES OF THE QUANTUM THEORY, 
Werner Heisenberg. Nobel laureate discusses quantum 
theory, uncerta inty, wave mechanics, work of Dirac, 
Schroedinger, Compton, Wi lson, E i nstein, etc. Middle, 
non-mathematical level . 1 84pp. 5y' x 8�. 

6011 3-7 Pa. $3.00 

SPEC U LATIONS ON THE FOURTH DIMENSION,  
Charles H, Hinton. Selected writings, on popular level, 
that reveal H inton to be remarkable spec u lative thinker 
of turn of the centu ry. 67 i l l ustrations. 1 28pp. 5y' x 8�. 

23916.() Pa. $4.00 

FROM COPERNICUS TO EI NSTE IN, Hans Reichenbach. 
lucid, distinguished popu lar account of E i nstein's 
theory of relativity. Author was authority on physics and 
math of relativity. 11  i l l ustrations. 1 23pp. 5% x 8X. 

2394().3 Pa. $2.00 

FREE DOVER SCIENCE CATALOG 
New 64-page catalog 
describes 'over 300 
fine paperbqcks, most 
priced from 53.00 to 
$6.00. in astronomy, 
physics, mathematics, 
chemistry, engineer­
ing, technology, 
geology, biology. 
popu lar science and 
more. Reprints of 
many out-of-print 
works, impossible to 
find elsewhere. E in­
stein, Newton, 
C a l ileo, Maxwel l, 
Darwin. 64-page 
catalog absolutely FREE. Write to Llover Publications, 
Dept. 80S/SA, 1 80 Va rick Street, New York, N.Y. 1001 4. 

MATHEMATICS 
CALC U LUS OF VARIATIONS, Robert Weinstock. 326pp. 
5% x 8X. 63069-2 Pa. $4.50 

ORDINARY DIFFERENTIAL EQUATIONS, Edword L. 
Ince. 558pp. 5 %  x 8%. 60349'() Pa. 16.00 
DIFFERE NTIAL EQUATIONS: GEOMETRIC THEORY, 
Solomon LelKhetz. 39Opp. 5% x 8%. 63463-9 Pa. $5.00 

FOU NDATIONS �F MATHEMATICAL lOGIC, Hosltell 
B. Curry. 416pp. 5% x 8%. 63462'() Pa. 16.00 

ANALYTIC FU NCTIONS, M. A. hlrolov. 336pp. 6% x 9y'. 
63648-8 Pa. $5.50 

I NTRODUCTORY REAL ANALYSIS, A. N. KoimolOrOV, 
S. V. Fomin. 403pp. 5% x 8%. 61226.() Pa. $5.00 

STATISTICS MANUAL, Edwin l. Crow, et 01. 288pp. 
5 % )( 8X. 60599-X Pa. $4.00 

MATHEMATICS FOR THE PHYSICAL SCIENCES, Herbert 
S. Will. 284pp. 5% x 8y'. 63635-6 Pa. $4.SO 

PROBABI LITY THEORY: A CONC ISE COURSE, Y. A. 
Rozanov. 1 48pp. 5% x 8X. 63544-9 Pa. 53.00 

TENSOR CALC U LUS, J.  l. Syn,e ond A. Schild. 324pp. 
5% x 8y'. 63612-7 Pa. $5.00 

A CONCRETE APPROACH TO ABSTRACT ALGEBRA, W. 
W. 5.1wyer. 234pp. 5% x 8X. 636 47-X Pa. $4.00 

WORKED PROBLEMS I N  APPLIED MATHEMATICS, N. 
N. Lebedev, et al. Original ly  Problems of Mathematical 
Physics. 429pp. 5% x 8 X. 63730-1 Pa. $6.00 

PROB LEMS IN PROBABI LITY THEORY, MATHEMATI­
CAL STATISTICS AND THEORY OF RANDOM FU NC­
TIONS, A. A. Sveshnikov, 461 pp. 6% )( 9X. 

63717-4 Pa. 16.50 

PRINCIPLES OF STATISTICS, M. G. Bulmer. 252pp. 5% x 
8Y..  6376().3 Pa. $3.50 

VA R IATIONAL P R I N C I PLES I N  DYNAMICS A N D  
QUANTUM THEORY, Wolfgang Yourgrau and Stanley 
Mandelstam. 201 pp. 5 %  x 8X.  63773·5 Pa. $4.00 

PERSPECTIVES IN QUANTUM THEORY, edited by Wolf­
gang Yourgrau and Alwyn van der Merwe. 320pp. 5% x 
8y'. 63778-6 Pa. $5.00 

MATRICES AND TRANSFORMATIONS, Anthony J. Pet­
tofrezzo. 1 33pp. 5% x ax. 63634-8 Pa. $3.00 

ENGINEERING 
THEORY OF WING SECTIONS: INCLUDING A SUM­
MARY OF AIRFOIL DATA, Ira H. Abbott and A. E.  von 
Doenhoff. 350pp. of tables 693pp. 5% x 8X.  

60586-8 Pa. $7.00 

F U N DAMENTALS OF ASTRODYNAMICS, Roger Bate, 
et al. 455p. 5% x 8X.  60061-0 Pa. $5.50 

-E lEMENTARY MECHANICS OF flU IDS, Hunter Rouse. 
376pp. 5% x 8X. 63699-2 Pa. $5.00 

THE P R I N C I PLES OF STATISTICAL MECHAN ICS, 
Richard C. Tolman. 661 pp. 5% x 8X. 63896-0 Pa. 58.95 

SCIENTIFIC CLASSICS 
THE PRINCIPLE OF 'RE LATIVITY, Albert Einstein, .t 01. 
Eleven most important Original papers - al l  translated, 
unabridged - on special and general theories. Seven 
papers by E instein. 216pp. 5 %  x 8X.. 60081-5 Pa. $3.00 

INVESTIGATIONS ON THE THEORY OF THE BROWN­
IAN MOVEMENT, Albert Einstein. Five papers (1905-08) 
investigating dynamics of Brownian motion and evolv· 
ing elementary theory. 1 22pp. 5 %  )( 8X. 60304-0 Pa. $2.50 

OPTICkS, Sir Isaac Newton. Survey of 1 8th-century 
knowledge, Newton's Own experiments with spectros­
copy, colors, lenses, reflection, refraction, etc. Foreword 
by Albert E i nstein. 532pp. 5% x 8�. 60205-2 Pa. $5.50 

THERMODYNAMICS, Enrico Fermi. C l ear, organized 
treatment of systems, first and second l aws, entropy, 
thermodynamic potentials, etc. No math beyond 
calculus. 1 6Opp. 5 %  x 8�. 60361 -X Pa. $2.75 

THE PHI LOSOPHY OF SPACE AND TIME,  Hans Reiche ... 
bach. Bri l l iantly clear. penetrating exposition of devel­
opments in physics and math occasioned by non-Eucl id· 
ean geometries. modern physics. 295pp. 5% x 8X. 

60443-8 Pa. $3.SO 

THE HISTORY OF THE CALCU LUS AND ITS CONCEP­
TUAL DEVELOPMENT, Carl 8. Boyer. Origins in antiqui­
ty. medieval contr ibutions, work of Newton, leibniz, 
rigorous formulation. Treatment is verbal .  346pp. 5 %  x 
8%. 60509-4 Pa.  $4,SO 

THE ORIGIN OF LIFE, A. I .  Oparin. Modern classic in 
biochemistry, the f irst rigorous examination of possible 
evolution of l ife from nitrocarbon compounds. Non­
technical,  easily fol lowed. 295pp. 5% x 8X.  

6021 3-3 Pa. $4.00 

DIALOGUES CONCE R N I N G  TWO NEW SC IENCES, 
Gali leo Calilet Geometric demonstrations of fracture of 
solid bodies, cohesion, leverage, speed of l ight and 
sound, pendu l ums, f a l l ing bodies, accelerated motion, 
etc. 3OOpp. 5% x 8X. 60099-3 Pa. $4.00 

A TREATISE ON ElECTRICITY AND MAG NETISM, 
James Clerk Maxwell. Final formulation of Maxwe l l's 
theory of electromagnetism, with rigorous derivation of 
his general equations of field theory. 1 .084pp. 5% x 8X. 

60636-8, 60637-6 Pa" Two-vol. set $13.00 

THE THIRTEEN BOOKS OF EUCLID'S E lEMENTS, tro .... 
lated by Sir Thoma. L. Heath. Complete, definitive edi­
tion, with textual and l i nguistic notes, 2500 years of com­
mentary, more. 1.414pp. 5% x 8X. 
60088-2, 6OO89'(), 6009(}4 Pa., Three-vol. set $18.SO 

THE GEOMETRY OF RENE DESCARTES, Rene Descartes. 
The original French text together with definitive Sm ith­
latham translation. The great work that founded analyti­
cal geometry. 244pp. 5% x 8�. 60068-8 Pa. $3.50 

NON-EUCLIDEAN GEOMETRY, Roberto Bonola. Stan­
dard historical and critical survey; many systems not 
usua l l y  represented. Eas i ly  fol lowed by non-spec ia l ist. 
181 diagrams. 431 pp. 5 y'  x 8X. 60027-0 Pa. $5.50 

HISTORY OF MATHEMATICS, David E. Smith. Non­
technical  survey from ancient Greece and Orient to late 
1 9th century; arithmetic through ca lcu lus.  362 i l l ustra­
tions. 1 , 355pp. 5% x 8X. 

20421).4, 20430-3 Pa., Tw<rvol .  set $15.00 

THE STORY OF MAPS, Lloyd A. E "own. Most compre­
hensive, exciting survey of maps a ·c map-makers, voy­
ages and discovery from Strabo tc· World War I I .  84 i l ­
l ustrations. 464pp. 6X x 9X. 23873-3 Pa. $6.00 

TO ORDER SEND TO: 
Dept. 808/SA, Dover Publ ications, Inc . ,  1 80 Varick 
Street, New York, N . Y. 1001 4. Please l ist author, title and 
code number for each book ordered. 

I enclose S in fu l l  payment, N . Y. residents 
add sales tax. For postage and hand l i ng add 70q: for one 
book, 51 . 1 5  for two or more books. 

o Please send me the FREE Dover Science Cata log . 

Name ______________________________ __ 

Address ______________________________ _ 

City and State Zip ____ _ 
Guarantee: Return any book within 10 days for fu l l  cash 
refund. No questions asked. 
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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 

- - - - -, 
3 1 S A X 
I 

Please send me the Speed Learn ing Program at S89.95 plus S3.00 for hand l i n g and insured del ivery . 
P lease c heck t h e  method o f  payment below: 

o 
o 

Check or money order enclosed for i tems ordered . New Jersey Residents add 5% sales tax . 
Please charge my cred i t  card under the regular payment terms: 0 Bank Ameri card 

o Master Charge Interbank No. 0 American Express 0 Diners Club 

Card No. Exp. Date ______ _ 

I understand that If after 10 days I am not delighted in every way, I may return the materia ls 
and obtain a full refund with no questions asked. 

I 
I 
I 
I 
I 
I 
I 
I 

Name _________________ _ 

Address ________________ _ 
��:���:� t�\:Y�:iJxoe

u I 
Cassette Recorder for  , I 

If you don·t already own * I 

only $49.95. ( Inc ludes � . .  
Ci ty State ___ Z i p  ___ handling and delivery.) I 
X Signature Check here to  o rder 0 � ,, :... I 
L - - _ - _ _  Outside U.S.A. $99.95 + $3 surface mail - airmail extra -- - - - - � 
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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: 

© 1980 SCIENTIFIC AMERICAN, INC

This content downloaded from 
������������132.174.250.194 on Mon, 28 Mar 2022 09:24:46 UTC������������ 

All use subject to https://about.jstor.org/terms



Take this $60.00 classic for $3.00 

= 

41785. D E B U G G I N G  SYSTEM 360/370 PRO­
GRAMS USING OS AND VS STORAGE DUMPS. 
D. H. Rindfleisch. G uide to storage dump debug­
ging. I ll ustrations. exa m ples.  sa m ple d u m ps. $19.95 

70230. P R I N C I P L E S  OF SOFTWA R E  E N G I ­
NEERING A N D  DESIGN. Marvin V. Zelkowitz. 
ft � rn� 
4 2 0 53 - 2 .  D E S I G N I N G  A D I S T R I B U T E D  
PROCESS I N G  SYST E M .  Hamish Donaldso n.  
Casebook on how to manage projects successful ly 
and a technical reference for tne design problems 
that are peculiar to distributed processin'g. Counts as 
2 of your 3 books. $34.95 

40135-2. A CONCISE DICTIONARY OF PHYS­
ICS. J. Thewlis. More than 7,000 definitions. Counts 
as 2 of your 3 books. $50.00 

80150. STA N D A R D I Z E D  DEVELOP M E N T  OF 
COMPUTER SOFTWARE. Robert C. Tausworthe. 
How to incorporate principles and techniques of 
structured programmmg in the development of 
large-scale systems. $19.95 

80155. STA N D A R D I Z E D  DEVELOPM E N T  OF 
COMPUTER SOFTWARE, PART II .  Robert C. 
Tausworthe. A detailed se t of rules for software 
implementation.  Contains e xtensive appendices. 

$21.95 
35450-2.  AUTOMATIC DATA P R O C E S S I N G  
HANDBOOK. The Diebold Croup. Auxil iary m e m ­
ory. peripherals. systems design, consultant services. 
software packages. Counts as 2 of your 3 books. 

$38.95 
39890-2. COMPUTER DATA-BASE ORGANIZA­
TION. James Martin. An inval uable planning tool ���k�g over 200 diagrams. Counts as 2 of �2656 

Encyclopedia of 
Com puter Science 

Edited by Anthony Ralston and Chester L. Meek. More 
than 1550 o u tsize pages of information on every aspect of 
com p u ter  science- from algebra to a u tomata theory, 
from basic te rminology to string processing languages. 
470 articles by 208 e xperts. Over 700 charts, tables, 
graphs.  and d iagrams .  

OR 3 other books for only 
$1 .00 each (values 10 $74.95) 

i f  you wi l l  join now for a trial period and take only 3 more 
books-at handsome discounts - over the next 12 months. 

As your introduction to 

The Library of Computer 
and Infonnation Sciences 

60385. MANAGING T H E  SYSTEMS DEVELOP­
MENT PROCESS. Charles L. Biggs, et al. $24.95 
6 2 6 2 0 .  M I C R O C O M P U T E R  H A N D B O O K .  
Charles J .  Sippi. Detailed reference t o  t h e  technolo­
gy and a ppilcations of microprocessors. $19.95 
701 10. PRINCIPLES OF DATA-BASE MANAGE­
MENT. James Martin. Covers data structures, secu­
rity. file storage, real-t ime vs. non-real time, $

1
9.9

5 

79155. SOFTWARE INTERPRETERS FOR MI­
CROCOMPUTERS. Thomas C.  Mclnlire. $18.95 
50045-2. GAME TH EORY: Mathematical Models 
of Conflict. A. J. Jones. Numerous diagrams, exam­
ples .  COllnts as 2 of your 3 books. $45.00 

79167. SOFTWA R E  RELIABILITY G U I DEBOOK. 
Robert L. Class. Spells out  al l  the technological and 
management tech niques. $18.95 
80837.  STRUCTU R E D _ SYSTEMS A N A LYSIS:  
Tools and Techniques. Cane and Sarson. $1950 
85725. UTILIZING SYSTEM 360/370 OS AND VS 
JOB CONTROL LANGUAGE AND U T I L I T Y  
PROG RAMS. Daniel H. Rindfleisch. Practical guide 
to every feature of JCL and system ut i l i ties .  $21.95 
:19746-2. COMPANION TO CONCRETE MATH­
EMATICS. VOLUMES I AND I I .  Z. A. Melzak. 
Mathema tical technig ues and various applications. 
The set counts as 2 oJ your 3 books. $46.45 

70725. THE PROGRAMMER'S ANSI COBOL 
REFERENCE MANUAL. Donald A. Sordillo. 

$2250 
79150-2. SOFTWARE ENGINEERING. Jensen & 
Tonies. COllnts as 2 of.yollr 3 books. $2750 
50551. GRANTS: How to Find Out About Them and 
What to Do Next. Virginia P White. $1950 

4 1 6 2 5 .  D A TA B A S E :  A P R O F E S S I O N A L' S  
PRIMER. David Kioenke. Covers every aspect o f  
data base concepts, systems and applications

S24.95 
3 9995-2. COMPUTER NETWORKS AND T H E I R  
PROTOCOLS. D. W. Davies et a l .  Latest technology 
in ro ut ing, pocket switching and  flow control. 
Counts as L of YOllr 3 books. $43.95 
42303. A DISC I P L I N E  OF P R OG R A M M I N G .  
EdsKer W. Dijkstra. New programm ing tools to solve 
problem s that range from the everyday to the com­
plex. $21.95 

5 1 955-2. A G U I DE TO T H E  SUCCESSFUL MAN­
AG E M E N T  O F  C O M P U T E R  P R O J E C T S .  
Hamish Donaldson. Counts as 2 ol.your 3 books. 

$34.95 
32485. ALGORITHMS + DATA STRUCT U R ES 
= PROGRAMS. Niklaus Wirth. A classic work on 
structured programming. $20.95 

81845.  S Y S T E M /370 J O B  C O N T R O L  L A N ­
GUAGE. Can' D e  Ward Brown. Incl udes descriptions 
of hardware devices and access methods and refer­
ence to many useful  J C L  features.  Softcova $1350 
4006 5 - 2 .  COM P U T E R  STOR A G E  S Y ST E M S  
AND TECH NOLOGY. Richard Matick. COUnlS a s  2 
of YOllr 3 books. $29.95 

54455. IMS PROGRAMMING TEC H N IQUES: A 
Guide to Using DLI I .  Kapp and Leben. Specific 
techniques to write appl ication programs in ANS COBOL. PLl I .  or Assem bier Language in an I M S  
DL i I  data base environment .  $17.95 

If the reply ca rd has been rem oved , please write to 
The Library of Computer and Infonn.tion Sciences, 
Dept. 7-AD7, Riverside, N.J. 08075 to obtain mem­
bership information and an application.  
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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-
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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. 

226 

. 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 ,  
a t  t h e  new,  h a l f -p r i c e  rate of $86 . 50 . 

I p r e f e r  10 s t a r t  on a t r i a l  b a s i s :  

o 
o 
o 

S i x  m o n t h s  of N at u re,  for $50.  o Three months of N at u re, for $30 

I e n c lose m y  perso nal  check for  t h e  fu l l  amount i n d i c a t e d .  

I p r e f e r  that  you b i l l  m e  v ia my Cred i t  Card accou n t ·  

Account  N o .  

o Visa o Master  Charge l, Ame r ican E xpress Exp Date 

Name 

Address 

Ci ty State Zip 

Subscript ion orders must be accompa n i ed by personal  check or credit  card number 

This offer avai lab le  i n  the U .S . and Canada o n ly. 
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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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