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CHAPTER I 

INTRODUCTION 

Throughout history, man constantly has had to adjust 

to his environment. When his life was endangered or uncom-

fortabie, man has tried to find reiief through sociai and 

technical innovations. An example of this is the inven-

tion of the hoe. Previous to its invention, man had been 

dependent upon hunting animals and gathering food from his 

environment. The invention of the hoe combined with a 

knowledge of planting enabled man to have a stabie food 

supply and a permanent residence. 

The purpose of this thesis is to investigate the rela-

tionship between technology and sociai change. Technical 

innovations both influence and are influenced by social 

change. However, the writer will deai more specifically 

with how technology alters society through the process of 

2 social change. In this investigation, the writer wiil 

focus on the kinds of social change which might be produced 

by one specific technoiogicai innovation, the possibie in-

novation and diffusion of thermonuciear fusion reactors. 

W. F. Ogburn, Social Change (New York: The Viking 
Press, 1928), pp. 114-17. 

Francis R. Ailen, et al., Technology and Social 
Change (New York: Appleton-Century-Crofts, Inc., 1957), 
pp. 7-25. 



This thesis is meant to serve as both a guideline and a 

stimuius for further investigation concorning the degree 

and type of sociai change which may be stimulated by fusion 

reactors. 

Among the areas to be exariined are population, the 

rurai community, transportation, and manufacturing. A sep-

arate chapter is devoted to each of these. The concluding 

chapter will consider some of the consequences and impli-

cations which the development of fusion reactors might have 

for society. 

Theoretical Framework 

Before doing this, it is necessary to explore the gen-

eral relationship between technoiogy and sociai change. 

For a theoreticai framework, technoiogy refers to the 

sources of energy, the tools, and the knowledge connected 

with the use of both tools and sources of energy for the 

3 
production of goods and services. Thus, technology is the 

knowledge and use of inventions and of material culture as 

4 
well as the application of science. 

3 
Gideon Sjoberg, The Preindustrial City (New York: 

Free Press, 1960), pp. 7-8. 
4 
Wiiliam F. Ogburn, "Why the Family Is Changing," 

Perspectives On the Social Order, ed. by H. Laurence Ross 
(New York: McGraw-Hill Book Company, 1963), p. 301. 



As previousiy mentioned, social change is often reiated 

to technoiogy. When man is confronted with danger or dis-

comfort, a technical solution is often sought and the need 

or desire for change stimulates innovation. When the hoe 

was invented, for example, man was able to settie in vil-

lages and raise the food he needed instead of relying on 

hunting and gathering techniques. The hoe was a necessary 

condition for settlement. This same principle which is in-

voived in any technical innovation produces the ability to 

have sociai change. Whether or not the invention actually 

stimulates social change depends upon the adoption and dif-
5 

fusion of the invention. To produce a social change, a 

iarge nûrriber ol people have to adopt and use the innovation. 

When studying the reiationship between technoiogy and 

sociai change, a major difficuity is the numerous indirect 

ways in which technoiogy can influence sociai change. The 

hoe was an exampie of a direct influence on change. How-

ever, technoiogy most often influences change through indi-

rect channeis. The relationship between the airplane and 

world politics is a good iilustration. The airpiane has 

a direct effect on war and, consequentiy, upon differential 

world power. This, in turn, influences worid politics. 

c 

Everett M. Rogers, Diffusion of Innovations (New 
York: Free Press of Glencoe, 1962), pp. 303-307. 

Wiiliam F. Ogburn, and Meyer F. Nimkoff, Sociology 
(Boston: Houghton Mifflin Company, 1964), p. 702. 



Wiliiam F. Ogburn, who has described the impact which tech-

noiogy has on social change, called this type of indirect 
7 

infiuence "the derivative effect." 

Other major processes include discovery, invention, 

adoption, diffusion, convergence, and dispersion. Dis-

covery is the perception of relations between elements not 
p 

previousiy recognized or understood. This discovery may 

be found accidently or it may be a result of planning. An 

example of a planned discovery would be Einstein's formu-
2 

iation of the relationship E = mc . Invention differs 

from discovery because it is a combination of known eie-
9 

ments or devices mto some new form. An exampie of an 

invention is the automobiÍG. It is a combinaticn of thc 

internai combustion engine and the buggy. Diffusion is 

the process by which a new idea or invention spreads 

through a society. Diffusion depends upon human inter-

action in which one person communicates a new idea to an-

other person. Adoption is the mental process through 

^lbid. 

Raymond W. Mack and Kimbail Young, Socioiogy and 
Social Life (New York: American Book Company, 19 68), pp. 
436-437. 

^lbid. 

•^^Everett M. Rogers , D i f fus ion of I n n o v a t i o n s (New 
York: The F ree P r e s s , 1962) , p . 13 . 



which an individual decides to make fuli use of an innova-

tion. Convergence refers to the process by which sev-

erai innovations combine to produce a singie social 

12 

change. One classical example of this process is the iib-

eration of the American women from the home. This is at 

least partiy due to the manufacturing of canned and frozen 

goods, the invention of the automobile, the invention of 

the refrigerator, freezer, automatic range, typewriter, 

telephone, and numerous other items which have freed the 

housewife from time consuming tasks and/or provided her 

with job opportunities. Another process known as the dis-

persion of inventions refers to the abiiity of one inven-
13 tion to affect many mstitutions and members of society. 

Television is a good exampie. It is used in entertainment, 

education, and business. 

Actually, the various methods by which technologicai 

innovations can affect man often combine to produce social 

change. This makes a difficuit relationship even more 

complex to anaiyze. In many instances it is aimost impos-

sible to isolate a single technical invention and show 

that it is soiely responsible for creating a given change. 

•^•'•Ibid. , p. 17. 

•̂ Ŵ. F. Ogburn and Meyer F. Nimkoff, Socioiogy (Boston: 
Houghton Miffiin Company, 1964), p. 703. 

-̂ •̂ lbid. , p. 698. 



However, some of the more important technoiogical innova-

tions and the social changes which they stimuiated will be 

noted in each chapter. 

In order to determine what alternate routos a partic-

uiar innovation might take, it is necessary to examine 

history in order to determine which areas of society have 

most often been affected by technology. The basic areas 

modified significantiy by technoiogical change seem to be 

agricuiture, transportation, manufacturing, and popula-

14 tion. In each of these areas, problems related to energy 

sources still exist today. Each of the foilov7Íng chapters 

wiii be devoted to an investigation of fundamental problems 

in each of these areas to determine nf cheap abnnd.̂ n-h f^nergy, 

particularly fusion energy, possesses the capacity to alle-

viate or reduce the severity of the probiems. 

Fusion Reactors: A Research Note 

Today, a great deal of scientific effort is being de-

voted to the development of a new energy source, cailed 

thermonuclear fusion reactors which has the potential for 

15 a revolutionary impact upon society. This reactor would 

•"•^Sjoberg, pp- 27-31; 80-107; 196-214. 

15 
For a detaiied discussion of fusion energy see Wm. C. 

Gough and Bernard J. Eastlund, "Prospects of Fusion Power," 
Man and the Ecosphere (San Francisco: W. H. Freeman and 
Company, 1971), pp. 252-266. 



develop its power from the fusion of ions very simiiar to 

the reaction which occurs in the sun. Fusion energy is not 

new since the first hydrogen bomb utiiized the principle of 

the fusion reaction. Scientists now feel that this reac-

tion can be slowed down sufficiently so that its power can 

be used to heat water to drive conventionai steam turbines 

and generate electricity. Depending on the level of effort 

and the difficulties ahead, a prototype of the fusion reac-

tor could come into operation within a period of ten to 

.... 16 fifty years. 

This reactor could produce an extremely large voiume 

of energy. Furthermore, it has severai advantages over 

T-\ V* í^ c / ^ T*. +- r^ /-\T.7^Ni- e~. r\ 7 -••.,•,•%,•.. ^- T' l-\#.-% --.Í/-SÍ~Í4- /-^.Í^ 4~ \ , \ ^ ^ •.,.. ,-^ ..^ . . . . . •, .»-.V-U»^>^T^.^,-^^ "V^TT 

^ j - ^ ..j \., X i y.. |-/wvvt--i_ o w v,.*.-i. ̂ —^ o . x i i c : v^<^oo y.j j - o i i c ; d i c x y _ y ^ - L OiwJ.uv^cui. i~jy 

fusion could be relatively low. In addition the reactor 

wouid be free from radioiogical hazards and atomic expio-

sions. Aithough the reactor uses radioactive material, it 

does not produce any additional dangerous products. The 

fusion reactors cannot cause an atomic expiosion because 

they do not contain a criticai mass of explosive material 

as do the atomic fission reactors which are already in 

17 use. Fission reactors utilize some radioactive fuel such 

Ibid., p. 266. 

17 
Gough and Eastiund, Prospects of Fusion Power, p. 264. 
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as uranium. These reactors get their energy as a result of 

the fission of uranium isotopes into more stabie atoms. 

This reaction occurs constantly in nature but the energy 

reieased is spread over the entire earth. In the fission 

reactor, enough of the radioactive fuel is brought to-

gether that a critical mass is formed. The critical mass 

is a concentrated amount of fuei which is capabie of sub-

staining the fission reaction until an atomic explosion is 

possible. The fusion reactor utilizes a different prin-

18 ciple. The fuel consists of elements such as hydrogen 

isotopes which can fuse into more stabie atoms. This 

fusion reaction releases heat which can be used to generate 

elêctriciLy. Tnus, this is a process in whicL no criLicaj. 

19 
mass is present and no radioactive products are released. 

In. addition, the fusion reactors wouid not poiiute the en-

vironment as do the fossil burning power plants currentiy 

20 in operation. Another undesirable effect of nuclear 

fission reactors and fossil burning power plants is the 

thermai pollution of lakes and rivers. However, knowledge-

abie scientists have reason to believe that fusion reactors 

•'-̂ lbid. , p. 356. 

•̂ Ŵm. C. Gough, "Why Fusion?" Proceedings of the 
Symposium on Thermonuclear Fusion Reactor Design (Lubbock, 
Texas: Texas Tech University, June 2-5, 1970). 

^^Gough and Eastlund, Prospects of Fusion Power, p. 263 



wiii utiiize more of the heat produced i.e., be more effi-

cient, and thus produce less thermal poilution. 

Another advantage of fusion reactors can be seen in 

22 
the fusion torch concept. The fusion torch would use the 

high temperatures of the gases released from the reactor to 

convert waste material back into its basic elements in such 

a fashion that the elements could be reused. A new method 

of producing electricity directly from high temperature 

plasmas produced in the reactor might also be available.^^ 

This process would eliminate the conventional principle in 

which steam is used to drive turbine generators. In iight 

of present poliution and energy shortages, eventuai devel-

In addition to the previousiy mentioned advantages, 

the fusion reactor uses a fuei which is very inexpensive 

and plentifui. Scientists estimate that sea v/ater, which 

contains the primary source for fuel, can supply more than 

8 billion times the amount of energy required for the 

21 
Gough, p. 3 01. 

22 
U.S- Atomic Energy Commission; The Fusion Torch: 

Closing the Cycle From Use to Reuse, by W. C. Gough and 
Bernard J. Eastlund (Washington, D.C.: Government Printing 
Office, May 15, 1969). 

23 
A. S. Roberts, Jr., "On the Concept of Pulsed 

Thermonuclear MHD Energy Conversion," Proceedings of the 
Symposium on Thermonuclear Fusion Reactor Design (Lubbock, 
Texas: Texas Tech University, June 2-5, 1970). 
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worid in the year 2000. Another possibie advantage of 

fusion reactors is that they may be very efficient, i.e. 

capable of utilizing a high percentage of the heat produced 

in the reaction. If this proves to be the case, great 

fiexibility can be exercised when iocating the faciiity. 

If very iittie unused heat is released at the facility, it 

wili not be necessary to place the plant on a large body 

of water which can be used to cool the reactor. In fact, 

because of the expected greater efficiency and the freedom 

from nuciear expiosion it could possibiy be located right 

25 m the center of cities. The wasted heat could be used 

P fi 

to heat buiidings or in the distiilation of sewage. 

weapons grade materiai, but there is some which is recycled 

in the reactor itself. Yet, as the reactor itseif wouid 

have to be modified before this material could be used, 

there wouid be little motivation to steal the materials to 

make atomic weapons. Security would not be endangered and 

plants could be located in underdeveloped countries to aid 

in their development. 

24 

Gough and Eastlund, p. 4. 

Gough, p. 301. 

Ibid. 
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However, there are also problems in the development 

27 
of fusion energy. Many of the problems are purely tech-

noiogical or economic, and can be overcome if the U.S. would 

2 8 
devote more manpower and money to developing the reactor. 

One of the major disadvantages of fusion reactors is the 

high capital cost of building such a faciiity. The capitai 

expense might be so high that it would be economicaily in-

feasible for many private companies to construct them. 

According to most estimates, fusion reactors wiil operate 

29 
most efficiently when they are very iarge. However, a 

new method has recently been proposed which might provide 

the means by which cities with as iittle as 100,000 popula-

30 
tion cculd ccnstruct and operate a plant cfficiently. 

Another disadvantage of the fusion reactor is that great 

caution must be exercised when supplying power for indus-

tries in which a power failure would be disastrous or 

extremely costly. This probiem, however, is not iimited to 

fusion reactors alone as was demonstrated by the power faii-

31 
ure which paralyzed the East Coast m November 9, 1965. 

27 
Gough, p. 313. 

Gough, pp. 317-22. 

29 
Gough and Eastiund, Prospects of Fusion Power, p. 

260. 
30 
Kristiansen, Magne, personal communication, Texas 

Tech University, Lubbock, Texas, May 28, 1971. 
31 
New York Times, November 10, 1965, pp. 1-3. 
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Transportation probiems were particuiarly acute. Eight 

hundred thousand people were stranded in subways and many 

32 others were tied up in traffic jams and in airports. The 

reason why care must be exercised in supplying transporta-

tion and certain industries with power from fusion reactors 

is because of the iarge magnitude of power produced. If 

the fusion reactor failed, the ioss of a large amount of 

eiectricity couid cause other power plants to fail. There-

fore, surplus capacity would have to be built into aii 

piants to take care of any emergency created by the faiiure 

of a large fusion plant. Perhaps the whole problem can be 

resoived by the development of better automated equipment 

33 

faiiure from a iarge fusion reactor as well as iarge fission 

reactors couid be damaging. 

At the present time, the fission reactor has an advan-

tage over fusion simply because the fission reactors are 

further developed. Fairly efficient and satisfactory fis-

sion piants are aiready in operation and their performance 

is iikeiy to improve in the future. However, fusion reac-

tors wiil be possibie only after many more years of research 

"̂ l̂bid. , p. 2. 

33 
U.S. World and News Reports, December 13, 1965, p 98. 
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and deveiopment. By the time this is accomplished, atomic 

fission reactors wiii be highly sophisticated. Thus, it 

wili add to the difficulty of adoption and diffusion of 

thermonuclear fusion reactors. 

For purposes of this thesis, two assumptions wili be 

made. The first and major assumption is that fusion reac-

tors are technicaily and economicaily feasibie. Secondiy, 

we shaii also assume that they are capable of producing 

a large volume of energy at relatively lost cost. Having 

made these assumptions, it is possible to proceed with the 

analysis of the sociologicai impact of fusion reactors. 



CHAPTER II 

POPULATION AND ENERGY 

Introduction 

Technologicai deveiopments have had a tremendous im-

pact on population. One of the most obvious changes has 

been the increase in the number of people. It is estimated 

that in 1650, there were only 470 million people in the 

world. In 1969, the United Nations estimated the world 

population at 3,552 million and much of that growth oc-

2 
curred after 1930. The popuiation increase has been pro-

duced mainly by such technoiogicai advances as vaccination 

and innoculation against communicabie diseases, the devel-

opment of the sulfa drugs and antibiotics, and the control 

of diseases such as malaria through the use of DDT and 

3 other insecticides. Many of the underdeveioped countries 

of the worid have oniy recentiy started to experience the 

improvements in medical technoiogy. Consequently, their 

death rates are being reduced rapidly, but their fertility 

Walter F. Willcox, Studies in American Demography 
(Ithaca, New York: Cornell University Press, 1940), p. 45 

2 
United Nations, Demographic Yearbook (New York: 

United Nations, 1969), p. 115. 
3 
Warren S. Thompson and David Lewis, Population Prob-

iems (New York: McGraw-Hili, 1965), p- 433. 

14 
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rates are stiii high. These countries are going through a 

stage of deveiopment often called demographic transition. 

Population has changed not only in numbers but in age 

composition. For example, the median age of the United 

States in 1960 was about 30 compared to 17 in 1820-^ The 

population of the United States has grown older over the 

iast severai centuries, with the short term exception of 

the decade foliowing World War II when fertiiity was so 

high. 

The primary goal of this chapter is to examine the 

possible effects which fusion power could have on popuia-

tion change. To make such an analysis, each component of 

^ ^^ c i ^ C L c a . w i i ixc^c^'t^o \^ j Jw/^ ^ ^ d i 1 1 0 . 1 1 0 ^ • j^ ii zí líi^^ u Jw/cio j . v̂  V CL±. J- CIJ^ J . C : O 

affecting popuiation growth are migration, mortality, and 

fesrtiiity, but there are numerous other factors which af-

fect each of these variabies. 

William Petersen, Population (New York: Macmillan 
Company, 1961) , pp. i2ff. 

United States Department of Commerce,*Bureau of the 
Census, United States Census of Population: 1960, Vol. I, 
Characteristics of the Population, pt. 1, United States 
Summary, pp. 1-173. 

^Ralph Thomlinson, Popuiation Dynamics (New York: 
Random House, 1965), pp- 436-7. 
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Demographic Variables 

Migration 

Migration is the permanent movement of persons over a 

significant distance. The dominant variable contributing 

to migration has probably been economic differences between 
o 

communities. If an area has better economic opportunities, 

it is iikely to attract people. There are, however, non-

economic motives which aiso affect migration. These include 

such things as politicai pressures, a desire for a new en-

vironment, reiigious preferences, and family consider-
9 

ations. In the United States, the economic motive and 

famiiy considerations are probabiy the most important fac-

tors ajirecuJLiig people s decisions to migrate or not. 

It appears that fusion reactors would have the great-

est impact on the economic motive for migrating. If a 

cheap new power source becomes availabie, there couid well 

be a relocation of some industries and the establishment 

of others. It is important that certain industries, such 

as steel mills, locate themseives as near as possibie to a 

major source of energy. By doing this they can acquire 

cheaper power and reduce their production costs. It 

7 
Petersen, p. 51. 

^Thompson, 1953, p. 309. 
Q 

Thompson and Lewis, p. 479ff. 
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normaily is expensive to transport large amounts of energy 

over great distances. This is why steei miils are usually 

located near large coai deposits. If industries were free 

to iocate independentiy of power sources, they might move 

to areas which supply their raw materiais or to areas that 

wouid buy their products, or where labor is cheap. In addi-

tion to the reiocation of some industries, there would 

probably be some development of new industries in the 

vicinity of the new power plants. If new industries were 

buiit in these areas, they would require manpower, which 

might be avaiiable localiy, or might have to be imported 

from other areas. In the latter case, the migration of 

workers couid produce drasLic population shifts. If the 

industries are mereiy reiocating rather than establishing 

new branches, original empioyees might aiso be part of this 

migration. 

The present pattern of migration is to move away from 

rurai areas and cities of less than 50,000 people. Fusion 

reactors can be an important variabie in determining future 

migration. It is very possible that the construction of a 

fusion reactor will encourage a migration to the area in 

which it is located. Therefore, if fusion reactors could 

be built in rural areas and be easily dispersed, as via 

REA, industries would develop around them, thus encouraging 

a migration back to rural areas and small towns. A 
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discussion of this reverse migration and the conditions 

favorabie for it is inciuded in chapter three. Since the 

establishment of a fusion reactor wili encourage migration 

into an area, locating fusion reactors in urban areas would 

strengthen the present pattern of migration. If fusion 

reactors replace the current sources of urban power, the 

new industries as well as the ones already established 

will be iocated in iarge metropolitan areas. Thus, the 

pattern of migration which invoives movement away from the 

rurai areas and into the iarge metropoiitan areas would 

continue. 

The amount and the direction of any migration produced 

by fusion depends mostly upon whethei or noL the luslon 

reactor is efficient. In particular, the reactor is not 

"efficient" if it produces more heat than can be utiiized 

in the generation of electricity. Then large quantities 

of water would be required to keep the reactor cooled. 

Consequentiy, there would be a limited number of acceptabie 

sites upon which the reactor could be constructed. In 

this event, migration to areas on rivers and oceans might 

be necessary. However, if the reactor is efficient enough 

that it does not have to be iocated near watér, then free-

dom of choice can be exercised in seiecting its iocation. 

In the event that fusion reactors are inefficient, a sec-

ond iimitation is piaced on the selection of locations for 
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the reactor. This is that the heat reieased may be unbear-

abie for an urban population. In this case, the reactor 

wouid have to be iocated some distance from any major 

ciuster of popuiation. Under these conditions very little 

migration would be expected. 

The two other variabies which influence migration are 

the desire for a new environment and family considerations. 

The first of these, a desire for a new environment, in-

voives the type of migration which occurs when a site is 

selected because of its climatic or geographic iocation. 

An example is the migration of retired people into the warm 

regions of Florida and Arizona. Another exampie is the de-

sire to move to nhe mountainous states of Coiorado, Oregon, 

and Washington. Large numbers of these people are primariiy 

interested in a change in scenery and recreational opportu-

nities. The possible effects which future technology and 

particularly fusion reactors could have on this type of 

migration remains unknown. Perhaps urban communities wiil 

prove more environmentally acceptable if fusion reactors 

reduce smog and air poliution. Presently, people are es-

caping from the urban environment and into parks and rec-

reationai areas, as demonstrated by the growth of the camper 

industry. If fusion reactors were iocated in these states 

and they were accompanied by industriai deveiopment, peopie 

seeking wide open spaces might be iess motivated to migrate 
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into them. For ail practicai purposes, however, it seems 

that advancing technoiogy per se wiil not have a signifi-

cant effect on the type of migration which is stimuiated 

by a desire for recreational opportunities or ciimatic 

changes. 

Another type of migration is that which results from 

a desire to have better faciiities for the family. For 

example, one might move so that his children can have a 

better education or more room. Again, fusion reactors will 

probabiy have iittle direct influence on these personal 

motives. 

Mortality 

The second major component of population change is 

mortaiity. The variables which determine rates of mortal-

ity are medical technology, its availability to ali mem-

bers of the society, the availability of food, the 

development of sanitary procedures, the degree of safety 

present in the occupations of the labor force, and the 

control of pollution and heaith hazards. ' In this anai-

ysis, we are primariiy interested in those variables which 

affect population growth. 

There are two ways in which reduced mortaiity rates 

can result in popuiation growth. One way is to reduce the 

Thompson and Lewis, p- 334ff and Petersen, p. 248ff. 

ki 
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death rate of infants or people who have not completed 

their reproductive period. Drastic drops in infant mortal-

ity have occurred since 1900. The infant mortality rate 

dropped from 152 per 1,000 live births in 1898-1902 to 23 

per 1,000 in 1956-1960 for the countries of England and 

12 
Waies. If more people survive through their reproductive 

period, more chiidren will be born who then marry and have 

chiidren of their own. This is similar to the economic 

concept of compound interest. At the end of the month, the 

interest which has been earned becomes part of the princi-

pal thereby drawing interest itself during the next month. 

The extra chiidren who survive are like the interest which 

then breeds more interest. Therefore, the factors which 

enabie a baby to iive through his reproductive period con-

tribute significantiy to population growth. There is also 

a second way in which reduced mortality resuits in popula-

tion growth. By bringing the factors which cause high 

mortaiity under control, peopie live ionger. As people sur-

vive ionger, the eiderly part of the population increases 

thereby, contributing to totai population growth. Since 

the infant mortality rates have already been reduced to 

iess than 30 per 1,000 live births for most industrialized 

Thompson and Lewis, p. 357. 

•^^lbid. 
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countries, the future drop wiii be much smaller. In the 

United States, Warren Thompson thinks the infant mortality 

rate wili drop about 8 to 10 points from the 1960 level of 

26 per 1,000 live births.-'"'̂  He says that 50 to 60 per cent 

of all infant deaths are due to causes which are not yet 

controilabie, such as asphyxia, birth defects, and injuries. 

Therefore, most of the reduction in the infant mortaiity 

rate wiii come from the reduction of infant deaths in the 

14 non-white population. The present infant mortality rates 

could drop even further if raedical care is extended to iower 

class families, particuiariy during the prenatal period and 

for a period of time after birth. Since the first year 

a i w G r pj..i.\,ii JLO i - i ic ; iiiv^o (- v̂ -L .1. L-JL v./cj. o. , o. o J.9.1Í-1--L-i-v^a.11 L. inaiiu^c;-JL w o-

peopie couid be added to the reproductiveiy active popula-

tion. For the underdeveloped countries, a reduction of the 

infant death rate is to be expected. Thus many of these 

countries wiii experience a very rapid population growth. 

The role of fusion energy in helping to reduce mor-

tality rates is unclear. Any assumption concerning the 

future deveiopment of medical technoiogy would be purely 

specuiative, but the particular effects of fusion appear 

especiaily remote. If a medicai breakthrough did occur. 

13 
Thompson and Lewis, p. 357. 

Ibid. 
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it is not iogicai to assume the change would be due to 

fusion reactors. 

Another variable affecting human mortaiity is the 

availabie food suppiy and its distribution. Presentiy, it 

is estimated that between 16 and 32 per cent of the total 

number of deaths occurring throughout the worid are a 

15 result of starvation or mainutrition. If the food supply 

is inadequate or if it is not properly distributed over the 

entire worid, then a significant number of peopie die be-

cause of weakened physicai strength and lack of endurance, 

16 
particuiariy during periods of illness. Today two-thirds 

17 of the world popuiation is iil-nourished. If these peo-

pie were properiy fed, then there would be more people 

surviving through their reproductive period. When more 

people survive through the reproductive period, there are 

more peopie who become parents and popuiation growth resuits, 

This is very evident in many of the underdeveloped countries 

in South America, Africa, and Southeast Asia. The countries 

such as Kenya, India, and Mexico who are in a stage of 

Paui R. Ehriich and Anne H. Ehrlich, Population, 
Resources, Environment (San Francisco: W. H. Freeman and 
Company, 1970), p. 72. 

16 
Thompson and Lewis, p- 388. 

•'•'̂ Charlton Ogburn, Jr. , "Population and Resources: 
The Coming Coliision," Population Bulletin, XXVI (June, 
1970), p. 9. 
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demographic transition, whereby they recently have experi-

enced a rapid decrease in the mortality rate but they stiii 

have high fertility. Consequently, they are having a popu-

iation explosion. Therefore, if an adequate diet were 

available to the entire world, a decrease in fertiiity 

rates would be necessary to prevent a dangerous population 

growth. Distribution of food is therefore an important 

variable affecting rates of mortality. 

The bulk of the world's food suppiies is presently con-

centrated in Western Europe and North America. By Western 

standards, many of the underdeveloped countries of Asia, 

Africa, and South America have inadequate caiorie, protein, 

19 
B_r\r\ ^71-t-mm n -i n-f-;3 V r̂  <̂  'P'hí^ rr.T-n i n • f n n r ! n n n "^11^0+-1 n n b '^ — 

tween the Western World and the underdeveloped countries 

20 has grown larger in the recent years. Therefore, the 

distribution of food as weli as the avaiiable food supply 

is a severe problem. It is estimated that if all the till-

able land in the worid couid, with the aid of irrigation 

and fertilizers, produce yields which are comparabie to 

18 
Chariton Ogburn, Jr., pp- 10, 11. 

•^^Joseph Fisher and Neal Potter, "Natural Resource 
Adequacy for the United States and the Worid," The Popula-
tion Dilemma, ed. by Phiiip Hauser (Englewood Cliffs, New 
Jersey: Prentice-Hall, Inc., 1969), pp. 116-7. 

20 
Ogburn, Jr., p. Iff. 
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those attained in the European countries, the food produced 

would feed oniy about 3.7 biilion people at United States 

consumption leveis. Thus it is uniikeiy that we can have 

a iarge increase in worid population and a significant rise 

in the standard of iiving within undeveioped countries as 

weli as industriaiized countries. The standard of living 

cannot rise for aii countries with continued population 

22 
growth. 

The roie of fusion power in the production of food 

couid be very important. One of the major uses of fusion 

power could be the desalination of sea water. If fusion 

reactors produced water for irrigation, additionai land 

would be tilíable at hiaher vieids. The increased sunr̂ lv 

of food couid be used to feed people in underdeveloped coun-

tries. If problems of distribution couid then be overcome, 

the ievel of food consumption for the Third Worid would 

rise. Or if population continues to grow in these coun-

tries, increased food production would mean the same diet 

for a iarger number of people. 

Thus, fusion reactors could be used to stimuiate the 

production of additionai food. However, depending upon 

world fertiiity and distribution of the food, increased 

21 
Ibid., p. 8. 

22 
Ibid., p. 9. 
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production couid either improve the diet of peopie in the 

underdeveioped countries that have controiled fertiiity, or 

it could feed the increased popuiation resulting from high 

fertiiity at their current standards. Therefore, if the 

worid population is to experience a rise in the standard of 

living, the controi of fertility is essentiai. A later 

section of this chapter will discuss the momentum of popu-

iation growth and its impiications in terms of the demand 

for resources. 

Another factor affecting the food supply should be con-

sidered. In the United States, an abundance of food is 

being produced by highiy mechanized agricuiture powered by 

internal ccr?.bustion engines. These internal combustion 

engines depend upon energy derived from petroieiim. But the 

consumption of petroleum wili probabiy peak shortiy after 
23 

the year 2000 and decrease after that. When the shortage 

of hydrocarbon fueis arrives, another energy source will 

have to provide the power needed by agriculture. Aithough 

it wouid be quite expensive in today's terms, eiectricaliy 

powered agricuitural machinery may of necessity someday be 

deveioped. If this happens, there would be a need for elec-

tricai power sources such as fusion reactors. 

^^Harrison Brown, James Bonner, and John Weir, The 
Next Hundred Years (New York: Viking, 1957), p. 99. 
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Another variabie affecting mortaiity is sanitation. 

In contrast to the i9th century, we now have reiativeiy 

ciean water and sewage systems which kcep epidemics to a 

minimum. On the other hand, the poilution of our waters, 

air and land is growing at an alarming rate. Most of the 

poliution can be prevented, but society must be willing to 

pay the price. If the concept of the fusion torch becomes 

a reaiity, then fusion reactors might reconvert much of 

our waste into usabie materiais. But if the fusion torch 

is not feasible, these reactors can stiil reduce poliution. 

When we look for a power source which is poilution 

free, fusion reactors may come ciosest to meeting the re-

quirements. As previousiy noted, fusi n reactors iuay cre-

ate a probiem in thermal poilution if they are not efficient, 

Contrary to fission reactors, the fusion reactors wili pro-

duce only minute amounts of radioactive material over 

twenty years of operation. As mentioned before, another 

advantage of fusion reactors often noted is that they are 

free from the danger of nuciear explosion. Of course, this 

is an asset when one considers immediate injury, poilution, 

and health hazards. Fusion reactors aiso produce no wea-

pons grade materials. There would therefore be iess 

politicai resistance to iocating the fusion reactors in 

foreign countries. Since these reactors produce no weapons 

grade materiai, they would aiso contribute nothing to an 
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arms race, Consequently, it seems that fusion reactors 

could be used more easily to aid the economic growth of 

underdeveioped countries than couid fossil fuels or 

fission reactors. 

One other variable affecting mortality is the relative 

safety of occupational endeavors. Occupations in the U.S. 

which have previously been regarded as dangerous are de-

creasing in number. Many of these jobs are now being per-

formed by machines or becoming obsolete. The trend today 

is toward greater automation and perhaps the trend may 

accelerate in the future. Although automation is not 

being limited by the lack of energy, industries using 

eiectrical energy are most easiiy autcmated. In aii prob-

abiiity, automation v/ill reduce the death rate in most 

industries. However, any reduction in occupationai death 

rates wiil be smail and have only a minimai effect on pop-

ulation growth. 

The trend toward automation may be reinforced through 

the introduction of either fission or fusion reactors. In 

both cases, the primary power output wili probably be elec-

tricity which is more easiiy utiiized in automation than 

any other type of power. Therefore, reactors and automa-

tion may be compiementary forces in changing the labor 

forces. 
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Fertility 

The third major factor affecting population growth is 

fertility. Not only is fertiiity the most complex demo-

graphic variable, but it is aiso the most important vari-

abie affecting population growth in the U.S. Some of the 

most commoniy agreed upon causes for differencies in fertil-

ity are age at marriage, knowiedge of contraceptive 

techniques, the stress of competition and sociai status, 

the place of children in life goals, childlessness, a deciine 

in the death rate, and different patterns of sexuai behav-

24 lor. 

Fusion reactors will probabiy have little direct 

^ .L. J- W NHI' W V ^ A A. ^ ^ . - J - V . - ^ ^ - i - 'X 

ity indirectly through encouraging economic growth. Cheap 

and clean energy could be a stimuius to economic growth, 

particuiarly if energy is in short supply. So reactors, 

whether they are fusion or fission, might have some infiu-

ence on fertility indirectly through economic .channeis. 

If the present trend toward automation continues, there 

wiii probabiy be increased leisure time. Whether this in-

creased leisure time will affect patterns of sexual behavior 

or the piace of chiidren in the iife goals of coupies is an 

important issue. Increased ieisure time and money could 

24 Thompson and Lewis, PP« 272-3 33. 
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act as a stimuius to have additional children because the 

coupie couid afford it financially, and they would have 

sufficient time to devote to the children. So fertility 

rates couid go up with increased leisure time, but they 

couid also go down. This is because increased leisure time 

may cause people to view children as a liability. For ex-

ampie, the couples may view children as a burden which re-

stricts travel and the pursuit of other essentialiy personal 

goais, and consequentiy may decide to restrict famiiy size. 

Thus, the proper conclusion wouid appear to be that it 

is impossible to form definite conclusions concerning fer-

tiiity and fusion reactors. The causes of changes in fer-

tiiity are difficuit to measure and impossibie to predict, 

Fertility rates vary with economic and social conditions. 

Whiie fusion reactors might have some infiuence on these, 

the diffusion of nuclear reactors wouid be oniy one of many 

variables affecting fertiiity. 

Population and the Demand for Energy 

It is often desirabie to have some knowiedge concern-

ing future popuiation growth in order to make administra-

tive decisions about the present. Now that the variabies 

which determine popuiation growth have been discussed, it 

is possibie to make some predictions about future popula-

tion growth. First of ail, it is meaningfui to distinguish 
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between popuiation forecasts and popuiation projections. A 

forecast is a prediction of a population which uses inde-

pendent sociai and/or economic variables as the basis for 

25 extrapolation. However, population projections are esti-

mates of population growth based upon past trends and they 

2 6 
do not inciude social and economic variables. Projections 

are extensions of present trends combined with some assump-

tions regarding birth rates, death rates and immigration. 

Projections are therefore usefui in determining agricuitural, 

industriai, and transportation needs. The writer wiil at-

tempt to stay in the ream of projections and ieave out 

predictions concerning possible changes in sociai and eco-

nomic ccnditions. 

The method used by the U.S. Bureau of the Census makes 

four projections each of which varies on different assump-

27 tions about fertility rates. Rates of mortaiity and 

migration are held constant. In general, each of these 

projections assumes that the number of children per woman 

wiil remain constant with successive cohorts and that the 

^^Petersen, p- 298. 

2^Ibid. 

27 
U.S- Department of Commerce, Bureau of the Census, 

Popuiation Estimates and Projections (Washington, D.C.: 
Government Printing Office, August 6, 1970), p. 1. 
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age distribution of women having children wiii remain con-

stant. Hence, the projections differ only in assumptions 

of completed fertiiity rates and the median ages of the 

mothers. 

Since the original projections were published in 1966, 

the Bureau has found it necessary to drop series A which 

assumed the highest fertility and add a new series E which 

assumed iower fertiiity rates than any of the other series. 

The cohort fertiiity rates per 1000 women and the median 

ages used by the U.S. Census Bureau in its caiculations 

are shown in Tabie 1. 

TABLE 1 
T - i T H ir-» r n "^ T ir r r » X T •* / - / - ^ i - T i k * TN m - i " / • ^ •t -r /-^ T'T /^ ••i—i T - I . T—. T T T T /-1 •«-» T T ""^ T—t •», T T 

r r j x JL.UX-L1 / iSiCDum: ' i ±OiNCD U Í J I I Í U ai u . ÍD . ÍSUKJCÍAU 

OF THE CENSUS^ 

Compieted Fertility Rate Median Age of Mother 

Series A 
Series B 
Series C 
Series D 
Series E 

3350 
3100 
2775 
2450 
2110 

25.3 
25.8 
26.4 
27.2 
27.2 

U.S. Department of Commerce, Bureau of the Census, 
Population Estimates and Projections (Washington, D.C.: 
Government Printing Office, August 6, 1970), p. 1. 

The age specific birth rates are listed in Table 10 of the 

Appendix. Based on recent trends, an assumption of 400,000 

net immigrants per year is made for ali four series. The 

resulting population for each series is shown in Table 11 

and Figure 9 of the Appendix. 
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Another method of population projection is based upon 

the expected famiiy size of future mothors. Two of these 

studies, Growth of American Families I and II, are well 

2 8 

known. The initiai study conducted in 1955 concerned the 

number of children expected by wives during the next five 

years. The second study indicated that the responses were 

accurate when compared with the total number of children 

who were actualiy born. A later study v/as made in 1967 by 
29 the Office of Economic Opportunity. This study shows 

that the expected family size for white wives increases 

with an increase in age, This reveais a desire on the part 

of younger white wives to have smaller families. The study 

aiso revealed that expectations of additional children 

varies inversely with age of wife, years married, and socio-

economic status. Studies such as these should give some 

indication of popuiation trends in the near future. This 

type of study might be even more usefui if unmarried men 

and women were inciuded in the sample. 

Another dimension of population growth which needs to 

30 
be recognized is population momentum. To understand 

^^Maria Davidson, "Expectations of Additional Children 
by Race, Parity, and Seiected Socio-economic Characteris-
tics," Demography, VIII, No. 1, Feb., 1971, p. 27. 

^^lbid., p. 28. 

"^^Popuiation Association of America, "On the Momentum 
of Popuiation Growth," Demography, VIII, No. i, Feb., 1971, 
p- 72. 

... \ 
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popuiation momentum, it is essential that one understands a 

few basic concepts. Repiacement ievei fertility refers to 

the birth rates which will only replace the existing popu-

iation. For every woman in a given cohort, each should 

have approximately two children, one to replace herself and 

one to replace her husband. This type of population wouid 

be stable. However, in 1960, an average of 2.63 children 

31 were born to each woman age 35-4 4 who was ever married. 

Thus to have a stabie popuiation and replacement level fer-

tiiity, the number of children to each set of parents 

32 should be about 2.3 8 to compensate for those who do not 

have many children or for those who are not fecund. Per-

haDS a. better V7av to look at it is the nurr.bcr of childrcn 

ever born to all women aged 35-44. In 1960, this figure 

was 2.47 compared to 2.0 children which would be needed to 

replace the existing population. Popuiation momentum is, 

therefore, the popuiation growth which wiil occur if fertil-

ity is reduced to replacement level. One might wonder how 

a population can grow if fertility is at replacement level. 

The growth is due to the age composition of the population. 

For example, the United States has 31 per cent of its 

31 
U.S. Department of Commerce, Census of Population: 1960, p. 212. 

32 
Thompson and Lewis, p. 271. 
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33 population under 15 years of age. These people will enter 

the reproductive period and have children before the number 

of people necessary to cancel population growth have died. 

Population momentum is, therefore, the product of a large 

percentage of the population which is young and has iong 

iife expectancies. Other countries such as Ceylon have 

approximately 40 per cent of their popuiations under age 

34 15. Therefore, they have a greater capacity to grow af-

ter fertility reaches repiacement level. 

The Population Association of America has derived a 

35 
formuia for estimating popuiation momentum. This equa-

tion gives the ratio of the ultimate population to the 

present popuiation, This ratio is then an estimation OJL 

the popuiation growth which could be expected after repiace-

ment level fertility has been reached. Several factors in 

the equation can only be estimated for populations in under-

developed countries. However, the factors in the industri-

aiized countries are known to be reiiabie. 

Based on this formula, if replacement levei fertility 

was achieved the ultimate population of the United States 

would be 1.25 times the 1966 population. This is assuming 

-^^lbid. , p. 101. 

^"^lbid. , p. 109. 

Population Association of America, p. 75. 
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that fertiiity drops instantiy to match death rates which 

is impossibie because it is contradictory to our social 

values. Based upon 1967 figures the ratio had dropped to 

1.18. For underdeveioped countries, the rates are in the 

neighborhood of 1.5. This means that for countries such as 

Mexico, Brazil, India, and Kenya, the uitimate population 

would be about 1.5 times greater than the present popula-

36 
tion. However, no countries, and particularly not the 

underdeveloped countries, are likely to reduce their fertil-

ity to replacement level in the near future. And it is im-

portant to know that if the drop to replacement ievei 

fertility occurs after a 15 year period, the uitimate popu-

iation will be about 2.5 to 3.0 times greater than the 

37 present population. 

This indicates how much greater population pressure 

will be even after replacement level fertility has been 

reached. In the event that peopie see a shortage in energy 

and cut back on their reproduction, the population wiil 

stiil continue to increase for many years and make demands 

on the country's resources. 

More important than population size is the consumption 

levei of that population. In 1968, North America and the 

^^ bid., p. 76. 

•^^lbid. , p. 77. 

... ^ 



37 

European countries consumed 64 per cent of the energy con-

3 8 
sumed in the worid. Figure i shows the 19 6 8 distribution 

of energy and steel for industriaiizcd and undordeveioped 

countries. It is evident that the industrialized countries 

consume far more energy and steei per capita than the under-

developed countries. 

However, the underdeveloped countries are not likely 

to remain content with their standard of living. They are 

becoming aware of the standards of living in industrialized 

countries, and feel deprived of some of the observed plea-

sures and comforts of life. This reaiization of being 

deprived is often referred to as relative population pres-

39 sure. Figure 2 shows the per capita energy consuraption 

and the standards of living. As the underdeveloped coun-

tries begin to demand a better standard of iiving, the 

consumption of materials and energy will rise rapidly. 

Figure 2 shows that the United States consumes roughiy 

10 times more energy than do countries such as Mexico, 

Turkey, Brazii, Pakistan, and India. The industrialized 

countries also expect a rise in their per capita consump-

tion of materiais and energy. Therefore, if the 

38 
Un ited Nations, Statisticai Yearbook: 1969 (New 

York: United Nations Publishing Service, 1969), pp. 40-43 

Thompson and Lewis, p. 502. 
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underdeveloped countries are going to have an increased 

standard of iiving, much more energy will have to be avail-

able. Yet, the United States and other industrialized 

countries are already net importers of many energy resources, 

40 particularly petroieum. If the standard of livmg is to 

rise in the underdeveloped countries, resources must be 

recycied, and perhaps new sources of energy must be made 

avaiiable. 

We have already seen how population will continue to 

grow even after repiacement level fertiiity has been 

reached. The problem is compounded even further by the 

increased consumption of nations as they become industrial-

ized. Thus, the combination of population growth and rela-

tive popuiation pressure are certain to make iarge demands 

on the production of ever increasing amounts of ciean energy 

such as nuclear fusion hopefuily can provide. 

^^United Nations, Department of Economic and Social 
Affairs, Statistical Yearbook: 1969 (New York: United 
Nations Publishing Service, 1970), p. 325. 



CHAPTER III 

ENERGY AND THE RVRAL COMMUNITY 

Rurai society and agriculture have been profoundly 

affected by technological change. Numerous problems have 

arisen in agriculture and many of them have been soived 

by technological means. One of the classic examples of 

how technology has influenced rural society is the doraes-

tication of grains. Grain is a concentrated food that 

can be stored for long periods of time. The domestication 

of grains made possible a year-around food suppiy for 

urban popuiations which was required before cities could 

emerge. Later came the tractor made possible by the inter-

nai combustion engine and pneumatic tires. Consequently, 

iarge numbers of peopie were freed to migrate to the 

cities. Other mechanical innovations in agricuiture have 

ied to simiiar changes in rurai coraraunities. The purpose 

of this chapter is to describe the basic social conditions, 

trends, and probieras of rurai coraraunities and to expiore 

how the invention of fusion reactors might affect rural 

society. 

Sjoberg, p. 29. 

41 
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Migration Created by Mechanization of 
^g^ic^Jturo and 1 ndustrialJ.zation 

The mechanization of agriculture and the process of 

industrialization have created a large migration of the 

rural farm population into the urban manufacturing centers. 

This migration has played a predominant roie in changing 

rurai society. What, then, started this migration and 

why has it continued? Originaily it was raade possible by 

an increase in production per worker due to technoiogical 

2 

developments. Equally important were the occupational 

opportunities which becarae avaiiable in urban areas. The 

labor surplus in rural areas raoved to the rapidly industri-

aiizing urban areas. The technology which produced this 

initial increase in production centered raainiy on innova-
3 

tions in land preparation and improvement. This technol-

ogy resuited in an increased production per worker while 

later deveiopments in biologicai and chemical technology 

have increased the productivity of agricultural resources. 

Recent developments have emphasized harvesting. 

"^Everett M. Rogers, Social Change in Rural Society 
(New York: Appleton-Century-Crofts Incorporated, 1960), 
p. 5ff. 

^C. E. Bishop, "Implications of Community Resource 
Deveiopment for Agriculture," ed. by Luther T. Wailace, 
Daryi Hobbs, and Rayraond D. Viasin, Selected Perspectives 
for Community Resource Developraent (Raleigh, North Caro-
iina: Agricuitural Poiicy Institute, 1969), p- 10. 
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transportation, processing and related activities. It is 

possibie that fusion reactors will increase both production 

per worker and the productivity of agriculturai resources, 

but this will be discussed iater. According to C. E. 

Bishop, improvements in technology usualiy reduce the 

amount of capital needed to replace a unit of manpower or 

a unit of land at a given level of output. The cost of 

additional production is likely to decrease with improve-
5 

ments m technology. Therefore, improvements in agricui-

tural technology provide incentives to substitute capital 

for labor. Technical iraproveraents are then diffused and 

adopted quickiy. Job opportunities in the rural areas 

A^\^\^\^A^.i\^ .l.\^VV .l^AX Xí tw4.1 k LJ^ V-̂  J. O W )-/V^Wf-^J.\.:.'f C4.XXV-4. ^C4.J.l...l-S,.^l.XJ-C4.J.J-j^ S^ltK^ J ^^í'^ / 

migrate to urban areas. 

The resuiting migration greatiy affects rural society. 

The first and probably most noticeable change is in the 

age composition of the population. Because of greater edu-

cation and fewer job opportunities in the rural area, the 

younger people are more prone to migrate to the city. Con-

sequentiy, there is a significant decrease in the percen-

tage of the rural population which is econoraicaiiy active. 

^lbid. 

Ibid., p. 12. 

^lbid., p- 45. 
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The ratio of persons not in the iabor force to those in the 

iabor force for 1960 is 1.79 for the rural farm population 

7 
compared to 1.46 for the urban population. The youth 

dependency ratio, i.e., the number of persons under 19 to 

the number of peopie 20-59, is 86.2 for the rural farm popu-
o 

lation as compared to 6 8.9 for the urban population. In 

brief, the rurai farm population contains a higher percen-

tage of persons who are not in the iabor force. This 

greatly affects taxation which is based upon those who are 

economicaliy active. Therefore, workers are heavily taxed 

in order to provide even the present meager support for 
9 

sociai mstitutions. 

Rural to urban raiaration is the result of increased 

mechanization of agriculture. Farmers have adopted newer 

technoiogy which requires iess labor. This new technoiogy 

is often expensive, but it can be justified since the 

farmer can utilize large tracts of land. New technology 

has also increased the per acre yieids for the farmer. As 

a result, the per capita production of farm goods has risen 

rapidly. This increase has led to an excess production and 

the prices which the farmer receives for his produce have 

7 
Thompson and Lewis, p- 16 0. 

^lbid., p. 97. 

^Rogers, Sociai Change in Rurai Society, p. 2i2ff. 
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not risen as fast as the prices of other products. The 

farmer is therefore forced to farm .1 arger acreage which the 

new technoiogy has aliowed him to do. Con:;oquently, fewer 

farmers are needed so there is an excess of farm labor. 

The younger members of the labor rarjrJæt then leave the 

rurai areas to seek employraent in urban areas. This flow 

of young workers from the farm to the city has produced 

problems for both the rural community and the urban commu-

nity. Some of these problems could possibiy be reduced by 

the deveiopment of a new source of mass energy. For exam-

ple, one of the factors contributing to slura conditions in 

urban areas has been the constant flov/ of unskilled rural-

farm workers intc the cit'̂ '. The urban arcaG havc becn 

unable to train and utilize these people whereas the rurai 

areas have decreased in population and suffered frora insuf-

ficient funds to operate their schools, governraents, and 

churches. If the migration couid be stopped or slowed, 

rurai and urban problems might be reduced. However, this 

migration is encouraged by the lack of continued economic 

growth in rural areas. But a new source of energy might 

stimulate the growth of industry in rurai coraraunities. 

Presentiy, many people who stay in rural areas face unem-

ployment, poor health, poor housing, and poor educational 

facilities. If fusion reactors could be iocated in rural 
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areas, they might create jobs and encourage economic growth 

for the comnmnity. 

Social Problems in the Rural Community 

By encouraging economic growth, fusion energy could 

reduce the number of rurai social probieras. In order to 

understand the impact which fusion reactors couid have on 

rurai communities, it is essential to understand rural 

sociai problems. 

The social probiems faced by rural comraunities are not 

too different from those faced by urban coramunities. For 

exampie, both types of communities share probleras in edu-

cation, medical care, and unerapioyment. The causes of the 

problems are also siraiiar. The cause of unerapioyraent in 

both the rural and the urban coramunities is an excess of 

manpower above that which can presently be utilized and 

the changes in production technology which raake skills 

obsolete. Housing problems in rural and urban communities 

are also coraparable. Both types of coraraunities have a 

shortage of iow cost housing which the iower socioeconoraic 

group can afford. As a result, old deteriorated buiidings 

are used for dweliings and large nurabers of individuals are 

forced to live in close quarters. One reason for poor edu-

cational and medical care in these coraraunities is the lack 

of sufficient funds to operate the needed facilities. 
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The rurai area and the urban sium both depend entiroiy upon 

peopie who are economically active and who havo money beyond 

what is needed for minimai living expenses. Hospitals and 

schools both receive inadequate funds to raeet the needs of 

the people they serve. 

One probiem, however, is unique to the rural coraraunity. 

This is the fading influence it can exert upon governmental 

policy. With more recent court decisions, a raovement to-

ward a one man, one vote concept has ied to the reapportion-

ment of congressionai districts. As higher percentages of 

peopie live and work in the urban areas, the rural popula-

tion has lost voting power. In addition, the rurai popula-

tion is poorly organized and cannot coiupete Vv'ith pressure 

groups supported by labor or industry, Consequently, the 

rural areas are becoming less powerful in bringing rehabili-

tation programs, training programs, medical facilities and 

housing programs into their area. 

Poverty is one of the raajor sociai probleras found in 

rural coramunities. Associated with this poverty are all 

the problems of crime, education, housing, raedical care, 

and unemployment. In 1966, rurai Araerica had 20.8 per cent 

of famiiies iiving in poverty corapared to 17.6 per cent of 

the urban faraiiies. These rates were based upon the 

Councii of Economic Advisors, "The Demography of Pov-
erty," Poverty ín Affluence, ed. by Robert E. Will and 
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Sociai Security Administration Poverty-income Standard. Of 

some 30 miiiion people who live in poverty, neariy one-half 

of about 14 miiiion live in the rural areas whereas only 

about 25 per cent of the total popuiation of the United 

States iives in rural areas, 

The problems of minority groups are even raore severe 

in the rural community. The difference between educational 

ievels of the white and black is twice as great in rural 

12 areas as it is m urban areas. Migratory workers, who 

number about one miliion, are exploited and have very poor 

iiving conditions. Rural siums are not unusual. Although 

they are not crowded or the basis of the spatial arrangement 

of houscs, thc rural sluras are equaiiy crowded on a perso: 

per roora basis. 

Rurai health facilities are also very poor. While 

farming has the third highest accident rate of all occupa-

13 
tions, heaith care in rural areas is below average. An 

indication of the need for better medicai care facilities 

found in rural areas is the high infant mortality rate. 

/iX 

•'•̂ Haroid G, Vatter (New York: Harcourt, Brace and 
Worid, 1970), p, 53, 

•̂ •'•President's Advisory Commission on Rural Poverty, 
"The People Left Behind," Poverty in Affluence, ed. by 
Robert E. Will and Haroid G. Vatter (New York: Harcourt, 
Brace, and Worid, 1970), p. 69. 

•^^Rogers, Sociai Change in Rural Society, p. 374. 

•̂ •̂ lbid, , p. 387, 
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The rurai areas need good health facilities because of the 

high accident rate in farming, and tho growing proportion 

of eiderly people, yet, the rural area:; usually have the 

oider and iess speciaiized doctors and an inadequate number 

of dentists and hospital facilities, 

Rurai communities also have their problems with in-

stitutions such as government and the schools, For example, 

many local governments fail to consoiidate, yet their tax 

base is so small that they cannot support weil trained 

individuals in the pubiic services. The schools are in the 

same situation. Faiiure to consolidate means that funds 

are very iimited and students are too few to raerit offering 

the variety of courses needed. 

Rogers explains that rurai poverty in the South is a 

resuit of a lack of migration out of an area to find em-

ployment, the excess of iabor in the iow-incorae areas, small, 
14 

inadequate farms, and a high proportion of the aged. 

Although many rurai people are unable to find work, 

they hesitate to raigrate to the urban areas. Soraetiraes 

they iack information on the types and locations of jobs 

that are available. At other tiraes they are poorly trained 

for any type of urban erapioyraent. Thus it is evident that 

vocationai training and job placeraent services are needed. 

•••^lbid. , p, 378. 
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Efforts must be made to shift some of the rurai popuiation 

into non-farm activities. 

The mechanization of agriculture decreased the number 

of peopie who can stiil earn a living from their f arm.''"̂  

In fact, the average gross income of agriculturai iabor in 

1965 was only 35 per cent of that for those invoived in 

16 
manufacturing. Mechanization and other developraents in 

agricuitural technology have created a need for larger 

farms. In 1965, it was estiraated that between one and two 

million families were living on units too small to operate 

17 
efficientiy. In addition, surplus production has compii-

cated the situation even more. 

In summary, social probleras in rural areas are due to 

an excess of iabor brought about by the mechanization of 

agricuiture. This raechanization has created the need for 

rurai peopie to iearn a skill and migrate to the urban 

areas. If they do not, they are faced with increasing rural 

poverty. However, it is not intended that the reader view 

this migration of rural people into urban areas as totally 

15 
G. S. Tolley and B. N. Farmer, "Farm Labor Adjust-

ments to Changing Technology," Farm Labor in the United 
States, ed. by C. E. Bishop (New York: Coiurabia University 
Press, 1967), pp- 41-52. 

•j n 

Theodore V7. Schultz, "National Employment, Skills, 
and Earning of Farm Labor," Farm Labor in the United States, 
ed. by C. E. Bishop (New York: Columbia University Press, 
1967) , p. 55-
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beneficial. As previously noted, the influx of rurai peopie 

into urban areas has been one of the main causes of urban 

poverty, slums, and unempioyment. A better soiution to 

rural problems in the U.S. is possible. With a basic knowl-

edge of the rural coimunity and its social probieras, the 

writer will now turn his attention to the focal point of 

this chapter: What role can fusion energy take in solving 

problems in agriculture and the rural coramunity? 

Effect of Fusion Energy Upon the 
Rural Coramunity 

The innovation and diffusion of thermonuciear fusion 

energy per se will not solve the probiems of the rural cora-

munity. Kowe'ver, it is possibie that fusion power might be 

utilized in a more coraprehensive governraent initiated pian 

to solve these problems. 

The role of fusion energy in solving rurai probleras 

could be twofoid. First, the energy could be used in power-

ing new industries which could be iocated in the rural 

areas. Secondly, the fusion power could desalinate sea 

water which would then be used for irrigation purposes. 

Ideaily, a corabination of the two shouid be used. If new 

industry were induced into the rurai coraraunity, it could 

provide the necessary ingredients for reviving the rural 

area. This new industry couid revive the rurai coramunity 

by providing jobs for those who are unemployed or 
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underempioyed. The personnel who operate the fusion reactor 

itself must be highiy skiiled. Therefore, the jobs for the 

rurai community wouid have to be provided by the secondary 

industries which utilize the cheap energy produced by the 

fusion reactor. However, new industries must use the man-

power avaiiabie in the rurai community. If the industries 

import their own iabor, then no probiems wouid be soived 

and the industriai compiex wouid add a few probieras itself. 

Industries can use the availabie raanpower oniy if it is 

properiy trained. Therefore, the governraent may have to 

provide the necessary training faciiities and rehabiiita-

tion centers before the workers can be used in the indus-

tries. Nevertheiess, industries might stiii have to import 

certain speciaiists which the rural coraraunity is unable to 

provide. 

The industries that iocate in the rurai community 

18 shouid meet several requirements. They shouid either 

be new ones that raanufacture previously unknown products 

or represent an expansion of current industry. The indus-

try cannot close down in the urban area and move to the 

rurai area. Few if any probleras would be soived if the 

•'•̂ Raymond D. Viasin, "Some Iraportant Considerations in 
Regionai Developraent," Selected Perspectives for Coraraunity 
Resource Deveiopraent, ed. by Luther T. Wallace, Daryl Hobbs, 
and Raymond D. Vlasin (Raleigh, North Carolina: Agricul-
tural Policy Institute, 1969), p. 28. 
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industries just relocated. Another requirement is that the 

industries must not have negative effects upon the environ-

ment. The fusion reactor itself seems to be ideal because 

it produces almost no poilution. Therofore, industries 

which located around the reactor would then have the bene-

fit of clean and inexpensive power. 

There are also several other factors which should be 

considered when proposing economic development. These in-

clude the stability of the econoraic venture over tirae, 

the income distribution effects of the venture, and the com-

plementary, supplementary and corapetitive reiationship be-

tween the new industry and other econoraic and social 

19 factors. The long run stabiiity of any economic venture 

is difficult to predict, yet the coraraunity certainly needs 

to. avoid any industry which is only short ranged. It is 

desirable that the industries be free of pollutants, and 

that they manufacture articles which wiil be needed in the 

future as well as now. 

Secondly, the incorae distribution of the economic ven-

ture must not be one sided. The higher socioeconoraic groups 

should not be the only ones in the coraraunity to benefit 

from the construction of new industry. The rural workers 

currentiy receive iow wages for their work, and 

19 
•^^lbid. 
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consequentiy their standard of living is also low, If 

they are to improve their standard of living, a redistribu-

tion of income is essential, Therefore, the new industry 

shouid pay fair wages to the rural workers. The final 

factor proposed by Vlasin was the complementary, supple-

mentary, and competitive relationships between the new in-

dustry and previously established business and social norms. 

The new industry shouid not undermine any industry aiready 

in existence. The new industry would idealiy aid pre-

viously established industry. In addition, the industry 

would have to manufacture articles which were acceptable 

according to the social norms of the rurai community. For 

example, a brewe.ry could not be establi.<=hecî in a community 

which advocated abstinence frora alcoholic beverages. The 

new industries raust be fitted to the iocation. 

If new industry is brought into rurai coramunities, it 

can have severai desirabie effects. The new industry could 

revitalize the community by doing basically four things. 

First, it could strengthen the tax base by providing the 

people with jobs so that they could share a greater propor-

tion of the tax burden. Secondly, the industry itself can 

be taxed. Thirdly, new secondary industries couid provide 

part-time employraent for many persons underemployed or 

those who live on farms too sraall to operate. Finally, the 

new industry could provide jobs for sorae of the younger 
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peopie who wiil be entering the iabor force, In this way 

more of the economicaily active members of the popuiation 

could be retained. 

Some aiternatives are also avaiiable to the rural 

community such as increasing the service sector of the 

labor force and employing more peopie in the creative or 

artistic occupations, However, these alternatives are 

usualiy present oniy in a community which has already 

started industrialization. Therefore, these occupations 

are primarily found in abundance only in industrialized 

urban centers. 

In conclusion, a source of cheap energy that does not 

poilute the environment cculd be very iraportant in stimulat-

ing the econoraic deveiopment of rural comraunities. The 

cheap energy provided by a source such as fusion reactors 

could attract secondary industries thereby providing jobs 

for the uneraployed. With a tax base supported by indus-

tries and more economically active peopie, many rural 

social problems would be reduced. 



CHAPTER IV 

ENERGY AND TRANSPORTATION 

The preceding chapters have investigated how technoi-

ogy and energy have affected sociai change, population, 

and the rurai community, This chapter will focus on the 

changes which new energy sources could produce in transporta-

tion, The first section of this chapter is devoted to an 

investigation of how energy affected transportation in 

preindustrial cities. The effects of new energy on the 

city, as seen in the shift from preindustrial to indus-

triai, are instructive. This knowiedge wiil be beneficial 

in the later sections which are concerned with the irapact 

of energy upon transportation in the industriai and post 

industrial societies, 

Energy Uses in Preindustrial Cities 

Technoiogical developraent in the area of transporta-

tion has greatly contributed to the deveiopraent of the 

urban comraunity, The previous chapter deraonstrated how 

deveiopments in early agricultural technology enabled man 

to settle in smali viliages, then with additional innova-

tions, particularly the domestication of grains, man could 

produce a surplus of stapie products, As fewer men were 

required to grow the necessary food, iarge nurabers of peo-

ple were freed to engage in coramerciai activities. Thus 

56 

\ 
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preindustrial cities were formed. The primary character-

istic of the feudal or preindustrial city, according to 

Sjoberg, is in dependence upon animate sources of energy, 

i.e,, energy providod by the muscles of men and animals, 

whereas, the modern or industriai city emerged when in-

animate energy such as coal, petroleum, and ultimateiy 

2 
nuclear energy came mto use, Indeed, one primary vari-

able in the development of the urban industrial coraplex was 

the type of energy available and its application to trans-

portation. 

In the deveiopraent of the urban coramunity, the abiiity 

3 
to transport heavy goods played an important limitmg role, 

The surpius of agricultural products which was producea j.-'y 

domestication of grain could not be transported great dis-

tances overland because there were serious limits on what 

could be carried on the backs of animals or in a cart, 

Even the loads carried in carts were small because of a lack 

4 
of good harness and brakes, River transportation was 

•̂ For a detailed discussion of energy and urban develop-
ment see Gideon Sjoberg, Preindustrial City (New York: Free 
Press, 1960), 

2 
Sjoberg, pp, 10-12, 

"̂ For a detailed discussion of urban developraent and 
transportation see Harlan W, Gilraore, Transportation and 
the Growth of Cities (Glencoe: The Free Press, 1953), 

Gilmore, p, 4, 
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aimost entirely downstream because the oniy methods of 

population were by oars and/or sail.?, Although wind is an 

inanimate source of energy, its use was very limited be-

5 
cause saiiing ships could not tack. Tho development of 

inanimate energy was essentiai to shipping goods upstream. 

Ocean and sea transportation was also poorly developed. 

They, too, were limited to oars or sailing ships which 

could not tack. Navigational equipraent and knowiedge were 

aiso lacking. Hence, ocean and sea transport ships had to 

foilow the coast line in sight of land. Since these ships 

were unable to travel upstreara, cities were forraed at the 

mouths of rivers where an exchange of goods floated dov̂ n 

the river could be made with goods brought in by the sea-

going vesseis. The mouths of rivers became priraary focal 

points for the deveiopraent of cities, and they would becorae 

even more important when ships were able to cross iarge 

bodies of water. 

Further urban growth did not occur until the 14th cen-

tury when new inventions made animate power more efficient 

in terms of transportation. Land transportation was im-

proved through the use of coilars, better harness, brakes. 

^lbid., p. 7. 

^lbid., p. 8. 
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7 
and the pivoting axie. Prior to the invention of the pivot-

ing front axie, wagons were dragged around corners. With 

improved harnesses, brakes, and the pivoting axle, however, 

heavier loads could be transported overland. There was 

aiso a significant improvement in navigation with the addi-

tion of tacking. However, upstream navigation was still 

difficult so not'many cities were estabiished iniand. 

Ocean vessels were also improved with the addition of more 

and better saiis, instruments such as the compass and 

astrolabe, and rudders. Ships could now sail directiy 

across large bodies of water instead of around the edge in 

sight of iand. Therefore, coramunities iocated on the 

bcundary cf large bodies of v;ater becara.e important trading 

centers. Hov/ever, in spite of all the improveraents in 

transportation, the size of cities was still liraited be-

cause the carriers still depended upon aniraate energy. 

The pattern of settleraent within the city was also 

influenced greatly by the means of transportation. Since 

travel was by either foot or aniraal, there was a need for 
o 

public buiidings to be located close together. Coramuni-

cation was conducted principaily by word of mouth except 

for the smail elite who was iiterate, The elite aiso had 

7 
Giimore, p. 25. 

o 

Sjoberg, p. 99. 
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the abiiity to purchase land near the public buildings, 

Therefore, the status of the people declined as distance 

from the centrai buildings increased, The iowest class 

and those workers engaged in the most undesirable occupa-

tions lived on the edge of the city, Transportation and 

conmiunication, therefore, played an important role in es-

tablishing the ecological structure of the city, 

Thus, as iate as the i9th century, transportation 

overland and across seas was stili propelled by animate 

power, Consequently, inland cities were few and restricted 

in size, The urbanization process had to await the Indus-

trial Revoiution which would provide the improved tech-

nology and inaniraate sources of energy which wouid 

encourage the growth of inland cities, 

Energy Uses in the Industrial City 

According to Sjoberg, the priraary characteristic of 

the industriai city is the utilization of inanimate sources 

of power. When inanimate sources of power such as the 

steam engine and the internal corabustion engine were in-

vented, transportation was greatly iraproved. Transporta-

tion powered by inaniraate sources played a vital role in 

the Industrial Revolution and the urbanization process. 

The technoiogicai developraents which raade the industrial 

city possibie were the sources of inaniraate energy. 
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improved agricuiturai methods which produced more surplus 

food, more sophisticated tools of manufacturo which either 

multiplied power or improved its transraission, and better 
9 

transportation which could move food into the city. I-Iow-

ever, our investigation at this point centers around only 

one of these forces: improved transportation. 

The steam engine was the first inanimate source of 

power to affect transportation. Of course, the first 

steam engines worked on low pressures and were very ineffi-

cient. These engines could not be used on river boats or 

ocean vessels because of the large araounts of fuei which 

they required, Later the quality of steel was iraproved 

and uti].Í7ed .i n boilers- Higher pressures V7ere then pos-

sible so a new type of steara engine was introduced. 

With the resulting increase in the efficiency of the 

steam engine, river and ocean transportation became possi-

ble, Furthermore, urban comraunities were formed upstream 

from the river mouths, The screw-driven steamer, which was 

a great improvement over the paddle wheei, followed, Never-

theless, the development of the stearaship was liraited until 

a more efficient engine, particularly the steam turbine. 

Ogburn, On Culture and Social Change, p, 85, 

Gilmore, p. 55. 
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was invented, Innovations in water travei, however, were 

not the oniy improvements in transportation which infiu-

enced urban growth. 

There were aiso major advancements being made in iand 

transportation which utilized inanimate energy. Two of 

these were of particulariy importance: the raiiroad and 

the automobile. The railroad becarae one of the raost im-

portant factors in the establishment of iniand urban cen-

ters. The raiiroad couid haul very large and heavy loads 

practialiy anywhere in the interior of the country. It 

was not limited to level ground as were canals and it could 

12 travel twenty times faster than the canal barges. Thus 

cities began to grow iniand away from bodies of water. 

Numerous cities grew up along the railroad lines, Later 

the diesei engine was applied to many of the raiiroads. 

Since the steam engine had to stop often for water, long 

distance diesel powered trains altered or elirainated many 

13 
of these towns which grew up around water stops. The 

railroad aiso provided means for transporting finished raw 

materials. As a result, cities were located near coal 

•'••'•R. A. Buchanan, Technology and Sociai Progress 
(Oxford, Engiand: Pergamon Press, 1965), p. 63. 

•^^Giimore, p, 59, 

•'••̂ Wiiiiam F. Cottrell, Energy and Society (New York: 
McGraw-Hili Book Company, Inc,, 1955). 
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veins and ore deposits. The factory system was also pro-

duced to accommodate power-driven machinery, This was 

partiaiiy due to the fact that steam could be produced 

cheapiy only in iarge quantitios and it had to be utilized 

14 ciose to its source, Thus steam encouraged the growth of 

15 a highiy concentrated population. Consequently, inani-

mate power utilized by raiiroads was a major stirauius to 

the deveiopment of inland cities. 

A second inanimate power source was developed which 

improved iand transportation. The internal combustion 

engine was developed and appiied to wagons and carriages. 

The resuiting invention was, of course, the truck and the 

automobiio. Later these inventions v7ouid havc man'' iiu''̂ li— 

cations on the use of resources and pollution. 

Both the truck and the autoraobile were free from 

tracks or canals so they were very flexible. This flexi-

bility proved very valuable in terms of urban transporta-

tion, The diesel engine becarae a priraary source of power 

for transporting people and products, The developraent of 

the internai corabustion engine led to a deraand for raore 

16 and better roads, Travei became extremely easy because 

S. McKee Rosen and Laura Rosen, Technology and So-
ciety (New York: Macmiiian Corapany, 1941), p. 245, 

•^^lbid, , p- 247. 

16 
Buchanan, p. 66. 
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of the automobiie. Consequentiy, the first effect of the 

car was to increase the centraiization of business and 

17 
commerce. After traffic congestion provod to be a severe 

problem, however, businesses began to decentralize. Workers 

were no ionger restricted to living near their piace of 

work. Thus, improved transportation raade possible by inani-

mate energy was one of the forces which ied to suburban mi-

gration and which eventuaily resulted in metropoiitan 

18 districts rather than individual cities. Dormitory 

suburbs and satellite cities grew up surrounding the cen-

19 
tral city. Improved transportation and communication 

provided mobility which encouraged urban sprawl. 

Actuallv. the emeraence of raodern transDortation and 

communication systems were compleraentary forces in creating 

urban sprawi. Because the telephone was a means for in-

stant verbai coraraunication, faraiiies were iess reluctant 

to move away from friends or reiatives. Furthermore, the 

teiephone was a cheap and quick avenue for conducting busi-

ness. The telephone seeras to be an indispensable aid for 

many of the retaii stores in suburban areas. Mass 

17 
Gilmore, p. 115. 

18 
Rosen and Rosen, p. 28. 
For a detailed discussion of these see Leo F. 

Schnore's "Satellites and Suburbs," Social Forces, Vol. 36, 
Dec., 1957, pp. 121-7. 
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coimnunication via teievision, radio, and newspapers have 

2 0 

stimulated the demand for consumer goods. Therefore, it 

encouraged the growth of retail stores in dormitory sub-

urbs and sateliite cities. The flexible modes of transpor-

tation could then deliver requested merchandise quickly 

and efficientiy. In general, conm:iunication and transpor-

tation improvements have helped alter the nature of the 

city by making metropolitanization possible. Without 

sources of inanimate energy, metropolitanization could not 

have occurred. 

Urban Transportation: The Present Picture 

We have now seen how transportation propelled by inani-
\ 

mate energy has contributed to the growth of urban indus-

triai centers. However, society has not used inaniraate 

sources of energy as efficiently as it could have. Prob-

ieras in transportation still exist in raost iarge urban 

centers. Araong the raost pressing problems is a lack of 

adequate facilities for moving large populations. The basic 

problems of present transportation can be divided into two 

classes: those encountered by raass transit and those con-

fronted by private vehicles. Both of these types of 

probiems were created by a cultural iag. The independent 

20 
Buchanan, p. 92. 
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variabies in this culturai lag are the technological changes 

and population growth which have occurred at an accelerating 

rate over the iast century. Tho dependent variable which 

has been too siow in responding is municipal pianning.^"^ 

Automobile transportation, for example, has suffered from 

probiems of too much success too quickly. Thus facilities 

have not kept pace with demand. The reasons behind this 

rapid success and resulting congestion are complex, but the 

primary factor contributing to the problera is the Ameri-

2 2 can's devotion to his car. 

Private Transportation 

Aithough it is not strange that Americans depend pri-

marily on private automobiies for transportation, the 

results are certainiy not totally beneficial. The automo-

biie provides comfort, flexibility, and economy. For exam-

pie, the car owner has the convenience of leaving directly 

from his own home independentiy of scheduled time-tables. 

The car owner can also ride in air conditioned corafort with 

the aid of power steering and power brakes. In addition 

to the comfort and flexibility of the private car, the 

owner is able to travel at costs close to those charged by 

21 
Paul M. Danforth, Transportation: Managmg Man on 

the Move (Garden City, New York: Doubleday and Company, 
I n c , 1970) , p. 173. 

22 
Diana Reische, ed., Probleras of Mass Transportation, 

The Reference Shelf, Vol. XLII (New York: H. W. Wiison 
Company, 19 70), p. 3. 



67 

23 mass transit systems. However, the ownor can drive only 

if there are adequate facilities for all p(.>ople who own a 

car and wish to drive. In the last few decades, highways, 

streets, and parking lots have becomo crowded and jammed in 

the major centrai cities. Thus, the cost of operating an 

automobile has risen considerably for the ov;ner. The United 

States Census of 1960 indicates that 64 per cent of all 

workers traveled to and from work in private cars. The num-

ber of cars has been increasing by sorae eight raillion per 

24 year untii now there are 22 cars for every raile of road. 

The traffic congestion is caused by coramuters who live 

in suburbs and drive to and from work. Traffic, which 

limited number of people riding in each car. The average 

automobiie in the United States carries only 1.5 passen-

25 

gers. This results in a tremendous volume of automobiles 

on the highways during peak hours. Also contributing to 

the problems of traffic congestion in urban areas are the 
26 

vast number of intersections. Yet, roadways constructed 
to avoid intersections are extremely costly and several 

23 
Ibid., p. 43. 

^"^lbid. , p. 59. 

25 
Danforth, p. 51. 

^^lbid., p. 29. 
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acres of land are required for only one intersection. Park-

m g is also a major problem. Although many underground and 

muitistory parking iots have been built, a shortage of 

space still exists so cars are permitted to park on the 

street which creates additional traffic congestdon. 

Another problem involving private autoraobiles is raore 

directly of concern in this study. This is the pollution 

which they cause. During 1966, 86 of 142 raiilion tons or 

some 60 per cent of air contaminants came frora raotor 

27 
vehicles. Such corapanies as Standard Oil Company believe 

automobiles which do not pollute will be built at economi-

2 8 
cal costs in the near future. Nevertheless, automobiles 

presently contribute heavily to air pollution. 

The status of problems caused by the private automo-

bile have been summarized very weil by R. H. Haase: 

Certainly the "cost" of transportation when raea-
sured in terras of energy, land, tirae, raanpower, 
and material could be reduced if every autorao.bile 
were filled to capacity or if very sraall single-
passenger autoraobiles were used for the single-
passenger trip instead of the iarger six-
passenger cars. But these innovations require 
radical changes, in the habits and desires of 
people; to date, we as a society prefer to pay 
the additional "cost" rather than change.^^ 

27 
Danforth, p. 55. 

2 8 
R, C. Maliatt, Bulletin of the Atoraic Scientists, 

May 1970, p. 44, 
29 
R. H. Haase, Analysis of Sorae Land Transportation 

Vehicles - Today and Toraorrow (Santa Monica, Calif.: Rand 
Corporation, 1962), p. 22. 
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Mass Transportation 

The second ciass of problems confronting transportation 

today iies in the deterioration of mass transit systems. 

The very nature of mass transportation contributes to this 

deterioration, For example, the systera must be able to 

accommodate ail passengers at peak loads with comfort and 

at moderate prices. However, during the other twenty hours 

per day, they must operate on a regular schedule without a 

30 sufficient number of passengers to make it profitabie. 

Another obstacle to intelligent urban transportation plan-

ning is the complex and uncoordinated adrainistrative ar-

31 rangements for such planning. In many metropolitan areas, 

there is competition and conflict betv.'esn city govsrnments 

which hinders the development of an integrated system of 

trains. These cities have grown together due to urban 

sprawl, but they still maintain separate local governraents. 

Yet another problera area lies in the regulations ira-

32 posed by the federal government. Although they were 

originaliy devised to prevent monopolies, regulations now 

are forcing railroads and other raass transportation systeras 

Reische, p. 15, 

^•'•Danforth, p. 182. 

"̂ F̂or a detaiied discussion of Federal Regulation see 
Business Week, "Transportation Needs a Drastic Overhaul" 
(Nov, 14, 1970), 
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to carry goods and people at a loss and to operate spur 

33 imes which are unprofitable, The principle on which 

the railroads have tried to operate when encountering un-

economicai but socially necessary services is cross-

34 subsidization, This means that they depend upon high 

profit operations to equalize the nonprofitable lines. 

But companies now say they cannot cross-subsidize and still 

provide good service, attract capital to pay equipment re-

placement costs, develop new technology, and hire the best 

35 employees. The companies maintain tliat ultimately uneco-

nomic transportation wiil be paid by the consumer. 

Another criticism of the federal government's policy 

is aimiCd at the advantccfes ^iven to private tra'nfi'nn-r-h, svs' ' l r ' ^ ^ ^ ..-jr 

tems that are not given the railroad system. To demon-

strate this, the trucking industry does not have to raise 

the capital necessary to buy right of ways and build the 
3 fi 

highways on which they operate. Thus the truckers can 

operate with a low levei of capital. The taxes placed on 

fuel and the purchase of permits and licenses are the only 

33 

Ibid,, p. 68, 

^^lbid., p. 73. 

^^Paui Cherington, "Transportation," Forbes, CVII, 
No. i (January i, 1971), p. 172. 
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expenses which the trucker has to pay toward construction 

and maintenance of highways, Therefore, the government is 

providing the necessary capital, Other transport systems 

are supported in the same manner, 

While the United States is the only major nation 
in the worid that relios primariiy on privately 
owned and operated transportation, it has been 
made possibie only through the use of publiciy 
granted authority and investment of public re-
sources in construction of locks, dams, channels, 
highway networks, airports and harbors,^^ 

In addition, mass transportation systems lack suffi-

cient capital to deveiop and test new technologies. There-

fore, the transportation industry feels that government 

sponsored research is essentiai for the developraent of a 

3 8 
modern and efficient ra-ass transit systemi. 

In spite of the difficulties being experienced by the 

mass transit systems, rapid transit systeras wili continue 

39 
to be essential for the larger cities. The roie which 

the mass transit system will take depends on several things. 

If poliution and congestion do not force the automobiie 

from its dominant position in American transportation, the 

private automobiie may be incorporated into some mass 

transit system. For exaraple, cars raay be driven frora the 

37 

Reische, p. 32. 

Ibid,, p. 56, 

^^lbid., p. 183. 
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home onto an automaticaily controiled lane which guides the 

car aiong a predesignated route. Ilowever, the car raay ex-

perience significant changes, especiaily in its method of 

propulsion. Most of the proposais along this line assume 

that the car wiii be powered by electricity. Of course, 

any prediction concerning the fate of the automobiie would 

be merely speculation. But it would be useful in this in-

vestigation to distinguish some possible methods of future 

transportation. By identifying sorae alternative transpor-

tation systeras, one might know the type of energy required 

and therefore make an analysis of the impact of fusion 

reactors more meaningful. 

The Future of Electrical Energy 
and Urban Transportation 

There is presently, a debate as to how long our known 

reserves of oil, gas, and coal will last. Some experts pre-

dict that they will last for several thousand years and 

others predict that the reserves will be depleted by the 

end of the century. These differences in predictions are 

partiaily due to contrasting assumptions as to what re-

40 ^ 
sources are economically feasible to recover. Sorae peo-

ple prefer to make estiraates of fuel resources in terras 

40 Sheldon Novick, The Careless Atom (Boston: Houghton 
Miffiin Company, 1969), p. 177. 
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of what can be feasibly recovered at present costs by pres-

ent methods. For example, if a method is discovered for 

tapping the world's supply of oil shale, energy dorived 

from that oii couid supply the earth for several centu-

41 
ries. But Sheidon Novick thinks that fossil fuels wiil 

become more valuable as raw materials for manufacturing 

synthetic chemicals than as fuel per se.^^ Therefore, 

petroleum will probably be used eventually as raw materials 

for manufacturing rather than as sources of energy. This 

fact combined with the pollution created by the burning 

of hydrocarbons necessitates the adoption of a new source 

of clean energy. 

T'V) O /^QTr:r5Ti/-l -f-/-\-v- /-"T/no-n ^v^/-^-v- /-TT T T-,-i<-' —. T-, -/-. -..-IrT 1.-^^ 4-̂ -̂  4-1-.^ 

-•..iv— vA>̂ xit._<.iA<wt. .1-V-./-Í. v.x-i.v:-c*ii ,^ií\ I-'^ ji i i t A o tA j.-L. 1.̂  civ-ijy a.c<-t i - w u i i c : 

development of fission reactors. For example, England 

presently produces one-haif of its electrical power with 
43 fission reactors. Because of the danger of explosion and 

radiation, other power sources such as fusion reactors are 

being sought. Ultimateiy, it seems certain that raan will 

have to depend on breeder reactors, controlled fusion 

'̂ •'•Ibid. , p. 179. 

42 
^^lbid. 

H. A. D. Bodin, Nuclear Scientist at Culhara Lab-
oratories, Engiand, lecture given at Texas Tech University, 
Lubbock, Texas, Nov. 11, 1970. 
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44 energy, and solar energy. Since the energy produced by 

these sources in all probability will be electrical, an 

anaiysis of the irapact of electrical energy on transporta-

tion would seem to be desj.rable. In 1965, transportation 

consumed 2 8 per cent of the totai energy consuraed in the 

United States as shown in Figure 3. 

In this analysis, the author assuraes that electrical 

power produced by fusion v;ill be econoraically corapetitive 

with eiectrical power produced by other sources. In addi-

tion, no predictions will be raade as to what type of trans-

portation v;ill exist in the future. Given the present 

technology and raeans of transportation, the author wili 

investigate how electrical energy produced by fusion reac-

tors could be utilized in the raoveraent of persons and 

products. 

Transportation systeras can roughly be divided into 

two types: private vehicles and raass transit systeras. We 

shall exaraine each in turn. 

Private Vehicles 

As pointed out eariier, the 1960 Census of the United 

States showed that 64 per cent of its workers traveied to 

work in private cars. Consequently, congestion caused by 

44 . , ^ 
Gough, Fusion Torch, p. 5. 
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private cars during peak hours is becoraing a severe problera, 

Numerous proposais have been made which might reduce this 

congestion. For example, if small cars are used in city 

operation, the road capacity for city traffic would be in-

45 creased by more than 50 per cent. Other proposals in-

ciude the transfer of on street parking to underground or 

46 multistory parking lots. Still another attempt was made 

in London to reduce traffic congestion. The city officiais 

47 encouraged companies to relocate in less congested areas. 

Assuming that these or other methods of reducing traffic 

congestion are successful, the problem of pollution still 

exist, As previously mentioned, some 60 per cent of the 

air contaminants come frora motor vehicles. But major oil 

companies and car manufacturers insist that they can build 

48 
a car and fuei which is pollution free, Indeed, many ira-

provements are being raade by these industries. Hence, 

private vehicies may continue to be a major mode of trans-

portation. However, if pollution is not drastically re-

duced, internal combustion engines may be replaced by other 

forms of propulsion. In addition, the shortage of gasoiine 

Danforth, p. 40. 

^^lbid., p. 47, 

"^^lbid, , p. 50, 

"^^Mallatt, p, 44, 
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and oii may demand that these internai combustion engines 

be phased out. 

If private automobiies are forced to abandon the gaso-

iine engine, electrical power produced by fusion reactors 

might become the primary form of propulsion, This means 

that cars would have electrical motors rather than the in-

ternai combustion engine, In fact, the Federal Power Com-

mission projects sales of electric cars to be 1,5 to 2 

49 miliion by 1980, These projections assume that the 

50 eiectric car will be the faraily's second or third car, 

The cars could operate on batteries whiie traveling in 

urban fringe areas and they could run on lanes which pro-

vides electric pov/er when traveiing in densely populated 

51 areas, The batteries could be recharged while traveimg 

on such a lane, whiie parking in the central business dis-

52 
trict, or during the night at the owner's residence, 

If ground transportation were converted to use electrical 

power, the demand for eiectricity would increase by about 

53 
50 per cent, Large fusion reactors m urban centers 

49 
Reische, p, 194, 

^^Bruce C, Netschert, "The Economic irapact of electric 
Vehicies: A Scenario," Bulletin of the Atoraic Scientists, 
XXVI, No. 5 (May, 1970), p, 29ff, 

^•'•Danforth, p. 147. 

^^lbid., p. 33. 

^•^lbid. , pp. 30-31. 
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couid easily provide this additional power. Industries 

other than the utility industry would also be affected by 

a mass switch to electrically powered vehicles. Sorae of 

these industries include the oil companies as well as the 

automotive industry and its suppliers of spocialized parts. 

This is not to mention the service station industry. All 

of these industries would have to undergo significant 

54 change. A discussion of the electrification of industries 

wili be inciuded in the following chapter. Even though the 

electrification of iand transportation will produce a great 

amount of social change, private electric vehicles may 

become a major means of transportation. Of course, this 

change prccess v.̂ ould occur over a period of m.any years and 

a system utilizing present automobiles would persist for a 

whiie. Nevertheiess, electric power suppiied by fusion 

reactors may weil piay a key role in changing patterns of 

iand transportation. 

Mass Transit 

The second type of transportation is mass transit sys-

tems. Many experts think that elimination of the private 

automobile within the central business districts of large 

55 cities is inevitable. Therefore, new systems of mass 

54 
Netschert, p. 32. 

^^"When Traffic Jams Stall the Nation," Business Week 
(December 6, 1969), p. 186ff. 



79 

transit must be developed. Many new systems as well as 

improvements on old systeras have been proposed. Proto-

types already exist for raany of thoso new systems while 

others are stiil in the design stage. 

There are several new systems of raass transit for peo-

pie and products which for purposes of our analysis are of 

little concern. These systeras include raostly air and water 

vehicies. Shuttle systeras utilizing vertical takeoff and 

short ianding aircraft have been proposed to reduce the 

congestion in urban areas and to facilitate travel to and 

from airports. The mass raoveraent of containerized products 

via specialized ships is also in lim.ited use. But because 

of the size and fiexibility required in these systems, the 

utiiization of fusion reactors as the power source is un-

feasible. It is possible that the technoiogy to transmit 

energy through the air will be developed, but this seems 

unlikeiy in the foreseeabie future. If a flexible means 

of transmission of electrical power is discovered, batter-

ies could be elirainated and electric pov/er could be used 

in these systeras. 

However, the focal point of this analysis is raass land 

transit systems. People such as Walter Rainville think 

56 
United States Department of Housing and Urban Devel-

opment, Office of Metropolitan Deveiopmient, Toraorrow' s 
Transportation: New Systeras for the Urban Future (Washington, 
D.C.: Government Printing Office, 1968), pp. 27-8. 
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that there simply is not enough space in the central busi-

ness districts to handle the traffic created by all those 

57 
who want to drive into it. According to Rainville, it is 

generaily acknowledged that mass transit systems are more 

efficient and require no downtown space for parking, 

Even buses, which are not the most efficient means of mass 

transit are six times more efficient than the average 

. 59 auto. 

Presently, most large cities have some type of mass 

transit system. Cities such as Chicago and New York have 

systems which carry almost 9 0 per cent of the traffic into 

fi 0 
the central business section. Lisco says that where 

mass transDortation is a aood alternative to drivina. j,e.. 

if it is comfortable and economical, people use the mass 

6 ] 
transit systems. Therefore, it seeras reasonabie to 

assume that these systeras will continue and perhaps even 

spread in the future. 

Almost ail of the mass transit systems either in exis-

tence today or proposed can utilize electrical energy. 

57 
Reische, p. 14. 

Ibid, 

59 
Danforth, p, 51 

fi 0 

Reische, p. 41, 

^^lbid. 
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Some of the most promising methods of transportation are 

dependent solely upon electrical power. One oxample is the 

vehicles powered by linear induction motors. This system 

uses two electromagnets which hang on opposite .sides of a 

large central raii, When a current is passed through the 

magnets, they are either attracted or repelled frora the 
r n 

rail, Many of these LIM systeras aiso ride on an air 

cushion making it possible for them to travel at speeds in 

excess of 300 mph, 

Another major proposal for mass land transit lies in 

the greatly increased use of buses, Buses presently serve 

about 75 per cent of those who use mass transportation, 

These buses can also be powered by electricity and sorrie 

cities such as El Paso have such vehicles in operation, 

Therefore, a fusion reactor iocated in the center of a 

metropolis could supply the energy needed. The bus transit 

system couid grow if lanes designed exclusively for buses 

become more widespread. 

Still another mode of transportation which had been 

proposed is the Lockheed type cylindrical cars which travei 

^^For a discussion of LIM systems see Reische, p. 182; 
Business Week, Nov. 14, 1970, p. 42; "High-Speed Ground 
Transit at a Profit," The American City, January, 1971, p-
74; and Danforth, p, 175, 

6 3 
Reische, p, 81, 



82 

on raiis inside a tube. 64 Figure 4 illustrates how these 

gravity-vacuum transit systems would work. The journey 

could be made in 8.5 minutes. 65 Electrical energy could 

again be used. The suggested means of propulsion is grav-

ity which acceierates the car whiie traveiing downward and 

a vacuum which pulls the car back to the surface. Because 

electricai energy does not poilute the air, it could be 

used in a closed system. 

-<-

85 Miles 

'\ Nov.̂  Ynrk Philadelphia 

Fig. 4--Pneumatic Tube Trains 

Source: Paul M, Danforth, Transportation: 
the Move (Garden City, New York: 
Company, Inc., 1970), p. 169. 

Managing Man on 
Doubleday & 

For discussions of this systera see Reische, p 
Danforth, p. 167; and Haase, p. 27. 

^^Danforth, p. 169. 

192; 
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Stiii another form of urban transportation is being 

designed for extremely high density areas. This system, 

known as the Bouladon Continuous Integrated Transporter, 

6 6 
empioys the same principle as a conveyor beit. The pas-

senger steps onto an escaiator which is acceierated and 

moved onto a transporter belt moving at 20 mph. Electrical 

energy could again provide the necessary power, particu-

iarly if fusion reactors can be located in centers with a 

high population concentration. 

A final system which needs to be examined involves the 

integration of the taxi into a mass transit systera. This 

system, known as DART (Demand-Actuated Road Transit) pro-

vides a mini-bus in which passengers are picked up at their 

residences and carried to work for one-fourth the cost of 

fi 7 a .taxi. This system is made possible by an automated 

vehicle locator which can handle one miiiion vehicles simul-
/r o 

taneousiy. This system seems desirable since it corabines 

the benefits of private autoraobiles with the benefits of 

mass transit. If electrical cars become a major vehicle 

of the future, then a DART system utilizing fusion produced 

electrical power would be feasible. 

^^Reische, p. 148. 

"̂̂ lbid. , p. 178, 

^^lbid. 
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In summary, many different forms of mass transporta-

tion are being proposed, Not ail of these are dependent 

soieiy upon electricai energy, Neverthoiess, electrical 

energy couid be used in aii the systems. Whether any of 

these systems will be developod depends on advances made 

in technology, However, regardless of the types of systems 

which are developed, they could use electrical energy sup-

piied by fusion reactors. 



CHAPTER V 

ENERGY AND MANUFACTURING 

We have already mentioned the fact that energy has 

been a major variabie in the deveiopment of transportation 

and manufacturing, For exampie, the guilds of the pre-

industrial period depended on animate energy, but the manu-

facturing companies of the industrial era have utilized 

inanimate sources of power, Steam was the first major 

form of inaniraate energy to be used. Because of the neces-

sity to generate steam in large volumes and utilize it near 

its source, the guiid system of production was elirainated. 

The factory systera proved to be more efficient, With the 

deveiopment of the factory system, the nature of workers 

changed, Instead of being highiy skiiled craftsraen, the 

workers becarae serai-skilled raachine operators. Given this 

transition pius that which is being brought about by auto-

mation, the following question arises: what impacts could 

fusion energy be expected to have upon raanufacturing and 

labor? To answer this question, an analysis of what indus-

tries would be affected raost by the avaiiability of cheap 

and abundant energy is required. 

As was revealed by Figure 3 in chapter IV, industry 

consumes 42 per cent of ail the energy utiiized in the 

Sjoberg, p. 10 

85 
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United States. It is, therefore, important to know where 

this energy is being used in order to understand what ef-

fects might resuit if fusion energy is adopted and wideiy 

diffused. The industries which wouid be affected most 

wouid be those which use a large amount of energy or those 

industries in which a high percentage of the total cost of 

production is for energy. By knowing which industries wiil 

be affected most, one gains some knowiedge of the impact on 

workers. If cheap energy from fusion reduces the cost of 

industrial products, the greatest gain will be made by 

those industries which are the major users of energy, assum-

ing that there is an adequate demand for those products. 

A second way in which fusion oncrgy m.ight alter indus-

tries is by reducing the number of workers involved in the 

conventional energy producing industries such as the coal, 

gas, and petroleum industry. If fusion power is widely 

adopted, the demand for conventional energy might decrease. 

In that case, there could be unemployraent in sorae coai, gas, 

and/or petroleura industries. Therefore, an investigation 

of future energy demands and the available energy sources 

wouid indicate if the adoption of fusion power might 

2 
U.S. Department of the Interior, Bureau of Mines, An 

Energy Model for the United States, Featuring Energy B a F 
ances for the Years 1947 to 1965 and Projections and Fore-
casts to the Years 1980 and 2000, by Warren E. Morrison and 
Charles L. Reading, IC8384 (Washington, D.C,: Governraent 
Printing Office, 1968), p, 97. 



87 

reduce the demand for conventional energy and thereby pro-

duce a disiocation of workers, 

The first part of this chapter will consist of an 

analysis of which industries would be most affected by 

cheap, abundant energy produced from fusion. The follow-

ing tabie is a condensed list of the types of industries 

in the United States which have the highest energy costs, 

TABLE 2 

COST OF ENERGY CONSUMED BY MAJOR 
U,S. INDUSTRIES: 1967^ 
(In millions of dollars) 

Primary metai industries 1635.7 
Chemicai and allied products 1188.3 
Food and kindred products 661.6 
Stone, glass, and clay 637.8 
Paper and allied products 576.8 

^Calculated from: U.S. Departraent of Coraraerce, Bureau 
of the Census, Census of Manufactures: 1967 (Washington, 
D.C: Governraent Printing Office, 1968), Voi. I, Suraraary 
and Subject Statistics, pp. 45-7. 

A complete list of all types of industries and their 

energy costs is given in Tabie 12 of the Appendix. This 

table reveals that the primary metal industries and the 

chemical industries are the industries which spend the most 

money on energy. Another table based upon the actuai amount 

of energy consumed by major industries indicated that the 

chemicai industry actually uses more energy than the pri-

mary metai industry. 
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TABLE 3 

ENERGY CONSUMPTION OF MAJOR INDUSTRIES^ 
(In miiiion kilowatts of electricity 

of equivalent) 

Chemicals and ailied products 726,385,5 
Primary metal industries 567,103,3 
Stone, giass, and clay products 358,002,6 
Paper and allied products 320,855.5 
Food and kindred products 246,205,1 

Caiculated from: U,S. Department of Coramerce, Bureau 
of the Census, Census of the Manufactures: 1967 (Washington, 
D.C. : Government Printing Office, 1968), Vol. I, Suraraary 
and Subject Statistics, pp, 197-244, 

One possible reason for the shift in ranking of the two 

industries in Tabies 2 and 3 is a difference in the cost of 

energy for various industries, 

Table 4 Drovides a list of the industries in v.7hich the 

cost of energy constitutes a high proportion of the total 

manufacturing costs. It is a partial reproduction of Table 

13 in the Appendix. The category "Food and kindred 

TABLE 4 

INDUSTRIES WHICH HAVE HIGH PROPORTIONS 
OF ENERGY COSTS^ 

Stone, clay and glass 5.88% 
Chemical and allied products 4.21% 
Primary metal industries 4.06% 
Paper and aliied products 3.32% 
Petroleum and coal products 2.41% 
Lumber and wood products 2.15% 
Food and kindred products .95% 

^Calculated from: U.S. Department of Commerce, Bureau 
of the Census, Census of the Manufactures: 1967 (Washington, 
D.C.: Government Printing Office, 1968), Vol. I, Summary 
and Subject Statistics, pp- 197-244. 
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products" was includod because of its presence on the other 

two tables, Several industries ranked higher than it did 

in the percentage of total manufacturing cost which went 

into energy, 

The facts revealed in these tabies correspond closely 

to the information contained in Figure 5. This graph shows 

that in 1962, 87 per cont of the energy utiiized by the in-

dustrial sector of the United States was attributed to the 

manufacturing industries. The energy inputs of those in-

dustries which were included in the previous tables are 

aiso shown on the graph. The only addition was that of the 

mineral industries which consumes 13 per cent of the total 

energy used in the industrial sector. According to the 

graph the industries which use the raost energy are as 

follov7s: 

TABLE 5 

PER CENT OF ENERGY USED BY THE INDUSTRIAL SECTOR^ 

Primary metal industries 31% 
Total mineral industries 13% 
Petroleum and coai products 13% 
Stone, clay, and glass 6 
Food and kindred products 6 
Paper and aliied products 6 
All other 14 

o. 

Calculated from: U.S. Department of Comraerce, Bureau 
of the Census, Census of Manufactures: 1967 (Washington, 
D.C: Governraent Printing Office, 1968), Vol, I, Sumraary 
and Subject Statistics, pp, 197-244, 
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The differences between the values shown on the graph and 

in the tables is probably due to the changes which occurred 

in the energy consumption patterns of the industries during 

the five year period. Nevertheless, the same industries 

are present on both the graph and the tables. These will 

probably be the industries which will be affected most by 

the adoption and diffusion of fusion power. 

From the previous tables and graph, it is evident 

which major industries would be affected most by the intro-

duction of fusion power. However, there is considerable 

variation in the amount of energy used by various manufac-

tures within each industry grouping. Table 14 in the 

Appendix shows the amount of energy consumed by various 

manufactures within the major energy consuming industries. 

From that table, the following summary table is given. 

TABLE 6 

THE DIVISIONS OF INDIVIDUAL INDUSTRIES WHICH 
CONSUME THE MOST ENERGY^ 

(In million kwhr.) 

Chemicals and aliied products Energy Consumed 

Industrial organic cheraical 247,468.2 
Industrial inorganic cheraicals 177,257.1 
Alkaiies and chlorine 58,280.6 
Plastics raaterials and resins 34,682.8 
Cellulosic raanmade fibers 30,667.9 
Cyciic intermediates and crudes 30,206.0 
Organic fibers 26,722.7 
Industriai gases 17,821.3 
Synthetic rubber 15,832.0 
Fertilizers 13,277.1 
Inorganic pigraents 13,019.9 
Chemicai preparations 13,425.6 



92 

TABLE 6—Continucd 

Primary Metal Industries Energy Consumed 

Blast furnaces and steel mills 272,171, 
Primary aluminum 10 8,34 8.8 
Gray iron foundries 27,921.5 
Eiectro-metallurgical 20,474.6 
Copper rolling and drawing 19,609.7 
Primary zinc 17,334.2 
Iron and steel forgings 15,527.6 
Primary copper 13,119.8 
Steei foundries 11,388.9 

Stone, Glass, and Clay Products 

Cement hydraulic 137,521.1 
Glass containers 34,595.0 
Brick and structural tiie 30,051.9 
Lime 23,062.4 
Ready mixed concrete 20,083.0 
Pressed and blown giass 18,824.0 
Fiat glass 15,647,3 
Mineral wooi 10,654,5 

Paper and Allied Products 

Papermills, except building 148,941,6 
Paperboard raills 125,938,3 
Pulpmills 22,336.7 

• Building paper and board mills 11,101.0 

Food and Allied Products 

Meat packing plants 23,128 
Beet sugar 21,217 
Fluid milk 18,789.4 
Wet corn milling 17,711 
Bread, cake, and related products 13,882.1 
Prepared feeds for animai & fowls 13,742 
Canned fruits & vegetables 10,700 
Soybean oil mills 10,277,3 

^Calculated from: U.S. Departraent of Comraerce, Bureau 
of the Census, Census of Manufactures; 1967 (Washington, 
D.C: Governraent Printing Office, 1968), Voi. I, Suraraary 
and Subject Statistics, pp. 197-244. 
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From this tabie it is evident that the specific raanufac-

tures which would be most affected by tho dovelopment of 

fusion energy would be those listed in the foliowing table. 

TABLE 7 

SPECIFIC MANUFACTURES USING THE MOST ENERGY^ 

Manufactures Kwhr, of 
Energy Consumed 

Blast furnaces and steel raills 272,171.1 
Industriai organic cheraicals 247,468.1 
Industrial inorganic chemicals 177,257.1 
Papermilis, except building 148,941.6 
Cement, hydraulic 125,938.3 
Primary alurainura 108,34 8.8 
Aikalies and chlorine 58,280.6 

Calcuiated frora: U.S. Departm.ent of Coramerce, Bureau 
of the Census, Census of Manuf actures: 1967 (VJashington, 
D.C : Government Printing Office, 1968), Vol. I, Summ.ary 
and Subject Statistics, pp. 197-244. 

Now that we have established which manufactures would 

possibly be affected raost by the introduction of fusion 

power, an investigation of the possible effects on eraploy-

ment is appropriate. The price of manufactured articles 

depends upon production and distribution costs. Since 

energy costs are part of the production cost, the price of 

the manufactured articles should decrease as the cost of 

energy decreases. Then, assuming that cheaper prices for 

the articies will stimuiate a deraand for thera, the manu-

factures will expand until the public raarket has been satu-

rated with the article, Therefore, the growth of all these 
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industries would provide employraent for large numbers of 

people. 

Fusion pov/er could also alter the employraent situation 

by providing energy which was previously produced by conven-

tionai sources such as the coal, gas, and petroleum indus-

tries, By doing so, the conventional energy suppliers 

would suffer frora a lack of deraand thereby necessitating a 

cutback in empioyraent, However, Figure 6 reveals that 
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Fig, 6.— U.S. Energy consumption 1920-2000 

Source: U,S, Atoraic Energy Coraraission; The Fusion Torch: 
Closing the Cycle From Use to Reuse, by W. C 
Gough and Bernard J. Eastlund (Washington, D.C: 
Government Printing Office, May 15, 1969), p. 3. 
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conventional power sources will not experience a decrease 

in demand providing there is no major breakthrough in elec-

trical power. The figure shows that although electric 

power will continue to make up a growing proportion of our 

totai energy, the non-electrical energy sources will ac-

tually increase their production. By the year 2000, elec-

tricai power is expected to supply about 47 per cent of the 

totai energy consumed in our society. Yet the non-electric 

sources will continue to grow and produce an estiraated 70 

thousand triliion BTU of energy in 2000. Figure 6 shows 

that the deraand for energy will increase during the foresee-

able future. Fuel burning plants as well as nuclear plants 

are expected to be needed to •suppi''̂  the necessar'̂ ^ enerĉ ^̂  

However, pollution and depletion of fossil fuels may cause 

a rapid growth in nuclear energy. 

Figure 7 also reveals the same inforraation. The fuel 

burning plants produced 82 per cent of the total electricity 

generated in 1965 and they are expected to generate 71 per 

cent in 1980. Therefore, fuel burning plants will generate 

a lower percentage of the total electricity consumed. How-

ever, fuel burning plants are expected to generate 5.6 per 

cent more kilowatt hours of electricity in 1980 than they 

produced in 19 65, Consequently, the conventional fuel burn-

ing power plants wiil actually expand their present produc-

tion, Therefore, no large scale uneraployraent will result 
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in the conventionai power sources due to the adoption of 

fusion powcr piants. 
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Figure 8 shows that the world's use of petroleum will 

peak around the turn of the century while coal consumption 

continues to rise slowly. 
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Fig. 8.--Projected sources of energy 

Source: Charlton Ogburn, Jr., "Population and Resources: 
The Coming Coilision," Population Bulletin, XXVI 
(June, 1970), p. 19. 

The graph shows that the U.S. will consume less petroleum 

as energy shortly after 2000. Indeed, the limited supply 

of petroleum may prove to be more valuable as a raw mate-

rial for lubricants, piastics, and chemicals than as a 

source of energy. The petroieum industry, therefore, will 

probably not suffer. But in the unlikely event that the 
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petroieum industry did suffer from the introduction of 

fusion power, the changes in the nature of the petroleum 

industry would be sufficiently slow to aliow the industry 

to shift dislocated workers into othor jobs within the in-

dustry. If a cutback in employraent was necessary, the 

deciine could easily be attained by failing to hire addi-

tional workers instead of firing any existing ones. 

Therefore, there should not be any widespread areas of un-

empioyment in the petroleum industries. However, it is 

more probable that the technology necessary to extract 

shale oii and other technicai developraents wiil allow the 

petroleum industry to flourish. At the sarae time, the 

nature of the T-̂ etroleum. industr'̂ '' m.a'" chan'̂ e b"̂^ m.anufactur™ 

ing iubricants, chemicals, and plastics rather than pro-

ducing energy. 

One other conclusion regarding the affect of fusion 

energy on manufacturing can aiso be drawn. Earlier figures 

revealed that the energy costs for various manufacturers 

ranged from less than one per cent to over five per cent 

of the totai manufacturing costs. Frora the figures in 

Table 8, we see the average cost of energy of ali the U.S. 

manufacturers was 1.72 per cent of the total raanufacturing 

costs in 1967. 
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TABLE 8 

MANUFACTURING COSTS FOR U.S. INDUSTRIES^ 

Total payroli 
Materials iess energy 
Capital expenditure 
Fuei and eiectricity 

$123,480,6 (raillion) 
290,822.0 
22,469.9 
7,691.7 

Total $444,464.2 

^Calculated frora: U.S. Departraent of Commerce, Bureau 
of the Census, Census of Manufactures: 19 67 (Washington, 
D.C: Government Printing Office, 1968), Voi. I, Sumraary 
and Subject Statistics, p. 45. 

Table 9 shows that energy cost accounts for 2.02 per cent 

of the total costs of production, i.e., the cost of wages 

of production workers plus the cost of materials used. 

TABLE 9 

THE COSTS OF ACTUAL PRODUCTION h 

Wages of production workers 
Materials less energy 
Fuel and electricity 

$ 81,393.6 (raillion) 
290,822.0 
7,691.7 

Calculated frora: U.S. Departraent of Coraraerce, Bureau 
of the Census, Census of Manuf actures: 1967 (VJashington, 
D,C,: Governraent Printing Office, 1968), Vol, I, Summary 
and Subject Statistics, p. 45. 

Disregarding capital expense and the wages of nonproduction 

workers, energy accounts for only 2.02 per cent of the total 

cost of manufacturing goods in the United States. Therefore, 

the costs of completed products wiil not drop significantly 

if fusion energy is utilized. 
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Furthermore, the standard of iiving would probabiy not 

rise because members of the lower classes would still be 

unabie to afford most products. A problera of incorae dis-

tribution wouid still exist, While a iack of energy would 

definitely iower the standard of living, excess energy per 

se wiii not make the standard of living rise. Fusion reac-

tors may well be necessary to insure that enough energy is 

avaiiable to prevent a drop in the standard of iiving, but 

it is not the dominant variabie. The lack of resources or 

poliution may actually prevent a rise in the standard of 

iiving before the severe shortage of energy occurs. 



CHAPTER VI 

SUMMARY AND CONCLUSIONS 

The conclusions that can be made from an exploratory 

study of this type can only be suggestive and general in 

nature, Our guesses as to the social iraplications of 

fusion energy can oniy be approxiraations based upon our 

understanding of present technoiogy, and our estiraations 

of popuiation growth, resource reserves, and energy deraands, 

Because energy is only one of raany variables affecting so-

ciety, exact predictions are irapossible, Nevertheless, 

the conclusions reached show a need for further research 

on how technology and energy affect society, 

One of the principle variables producing social change 

has been various sources of energy, Before the invention 

of inanimate sources of energy, industrialization and 

urbanization were impossible. Now, yet another source of 

energy may have implications for the post-industrial society, 

Indeed, the following conclusions seem to be warranted: 

Population 

Population wili probably be affected most through eco-

noraic changes produced by the fusion reactor. The abundance 

of energy does not insure a rise in the standard of living. 

However, a shortage of energy would lower the affluence of 

101 
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a society. Fusion reactors raay well be necessary to pre-

vent such a shortage of energy. 

Similariy fusion reactors can provide the means of 

producing additional food by providing desalinated sea 

water for irrigation. The additional food couid either 

support additional people at curront standards, or providing 

fertiiity is controlled, it could be used to iraprove the 

diets of the present population. 

For ali practical purposes, however, population growth 

cannot be stopped instantaneously (See supra, pp. 36). 

Population growth is raaintained by its own raoraentura which 

will continue to exert pressure on resources, energy, and 

the environmient even after an optimi'um population haís Deen 

reached. 

The distribution of the population raay, however, 

change because of the industrial developraent which would 

accompany the construction of a fusion reactor. Therefore, 

a migration of people tov/ard the location of the reactor is 

likely. 

The Rural Coramunity 

Fusion reactors could stiraulate econoraic development 

in rurai areas. By encouraging industry to locate in these 

rural areas, employraent would be provided for rural workers. 

The economic developraent of rural areas should, araong other 



103 

things, provide jobs for the young adults thereby increasing 

the proportion of peopie in rural areas who are economically 

active. Problems created by the rural to urban migration 

might be reduced if young adults are provided jobs in rural 

areas. In addition, revenue provided by taxation on the 

new industries could help support rural institutions. 

Transportation 

Poilution and the shortage of fossil fuels for use as 

energy wiil demand that aiternate systems of transporta-

tion be developed. The new sources of energy used in these 

systems wiil probably be electrical which would therefore 

encourage the developraent of electrical raass transit sys-

tems such as the LIM or Lockhesd Cylindsrical cars. It is 

aiso probable that the introduction of fusion reactors 

wôuld encourage the developraent of the private electric 

car. Therefore, fusion reactors would probabiy aid the 

adoption of various types of electrical vehicles. 

Manufacturing 

The industries which would raost likely be affected by 

fusion reactors would be the raanufacturers of cheraical 

products, primary metal products, stone, glass, and ciay 

products, paper products, and food products. This is be-

cause a decrease in the cost of energy could increase the 
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demand for these products thereby stimulating growth in 

these industries and thereby increasing employment. 

The development of fusion reactors will not signifi-

cantly affect the conventional sources of power because 

of the increased deraand for energy. Likewise, cost of 

energy is only a sraall proportion of the total cost of 

manufacturing. Therefore, if the cost of energy is re-

duced significantly, there will only be a minimal effect 

on the total price of products. Consequently, if the lower 

socioeconomic groups cannot afford to buy products before 

the diffusion of fusion power, they wiil still be unable 

to do so after its adoption. Because of these factors, a 

rise in thc staiidard of livina for the lov.̂ er socioecQnom.ic 

class seems unlikely. 

There would be no large scale pockets of unemployraent 

in the econoray due to fusion reactors per se. However, 

fusion reactors would tend to encourage several trends 

already in progress such as increased consumption of elec-

trical energy, increased autoraation, and possibly the wide-

spread use of electric cars. All of these trends could 

alter the petroleura and autoraotive industries and the 

nature of eraployment. 
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Energy and Society 

In conclusion, it appears that aithough energy itself 

is a vitai resource for the development and prosperity of 

society, other factors such as depletion of high grade 

mineral ores, population growth, and poilution may limit 

the quality of iife before a shortage of energy occurs. 

However, this study is totaliy exploratory and additional 

investigation is required for each of the major areas de-

scribed in this study. 

\ 
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TABLE 10 

ULTIMATE AGE SPECIFIC BIRTH RATES ASSUMED FOR 
VARIOUS SERIES PROJECTIONS^ 

(Rates represent births per 1,000 females 
at specified age) 

Age of raother Series 
B 

Series 
C 

Series 
D 

Series 
E 

Total fertility rate 3,100.0 2,775.00 2,450.0 2,110.0 

14 years 
15 years 
16 years 
17 years 
18 years 
19 years 
20 years 

21 years 
22 years 
23 years 
24 years 
25 years 

26 years 
27 years 
28 years 
29 years 
30 years 

31 years 
32 years 
33 years 
34 years 
35 years 

36 years 
37 years 
38 years 
39 years 
40 years 

4.1 
12.0 
33.5 
67.3 

111.6 
156.5 
184.4 

3.5 
10.0 
28.1 
56.7 
91.8 
129.2 
150.2 

2.9 
7.9 
22.7 
46.1 
77.9 
101.5 
115.4 

2 0 2 . 7 
2 1 1 . 2 
2 1 3 . 7 
2 0 6 . 1 
1 9 3 . 5 

1 8 1 . 0 
1 6 8 . 1 
1 5 5 . 2 
1 4 1 . 6 
1 2 8 . 0 

1 1 3 . 2 
1 0 3 . 0 

9 1 . 0 
8 0 , 2 
7 1 , 6 

6 1 . 4 
5 1 . 8 
4 4 . 8 
3 5 . 3 
2 7 . 3 

1 6 4 . 6 
1 7 3 . 4 
1 7 7 . 4 
1 7 4 . 3 
1 6 6 . 8 

1 5 9 . 4 
1 5 1 . 8 
1 4 2 . 8 
1 3 3 . 4 
1 2 2 . 6 

1 1 0 . 7 
1 0 1 . 3 

9 1 . 5 
8 1 . 8 
7 2 , 9 

6 2 . 9 
5 3 . 2 
4 6 , 3 
3 6 , 3 
2 8 . 0 

1 2 6 . 0 
1 3 5 . 0 
1 4 0 . 6 
1 4 2 . 2 
1 4 0 . 0 

1 3 7 . 7 
1 3 5 . 5 
1 3 0 . 5 
1 2 5 . 3 
1 1 7 . 5 

1 0 8 . 4 
9 9 . 9 
9 2 . 4 
8 3 . 7 
7 4 . 4 

6 4 . 6 
5 4 . 8 
4 8 . 0 
3 7 . 5 
2 8 . 9 

2 . 
8 . 

2 2 . 
4 5 . 
7 6 . 

1 0 6 . 
1 2 5 , 

1 3 8 , 
1 4 3 . 
1 4 5 . 
1 4 0 . 
1 3 1 . 

1 2 3 , 
1 1 4 . 
1 0 5 . 

96 . 
87. 

77, 
70 
61 
51 
48 

41 
35 
30 
24 
18 

8 
2 
8 
8 
0 
5 
5 

0 
7 
4 
3 
7 

,2 
,4 
.7 
.4 
. 1 

.0 

. 1 

. 9 

.6 

. 7 

. 8 

. 2 

. 5 

. 0 

. 6 
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TABLE 10—Continued 

Age of mother Series Ssriss Series Series 
B C D E 

41 years 18.9 19.2 19.6 12.9 
42 years 13.9 14.2 14.5 9.4 
43 years 8.5 8.7 9.0 5.8 
44 years 4.6 4.8 4.9 3.1 
45 years 2.5 2.6 2,6 1,7 

46 years 1.1 1.2 1.2 0.8 
47 years 0.4 0.5 0.5 0.3 
48 years 0.1 0.1 0.1 0.1 
49 years 0.1 0.1 0.1 0.1 

^U.S. Department of Comraerce, Bureau of the Census, 
Population Estimates and Projections (Washington, D.C: 
Government Printing Office, 1970), p. 48. 
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Year 

1970 

1975 

1980 

1985 

1990 

1995 

2000 

2005 

2010 

2015 

2020 

Bureau 

TABLE 11 

POPULATION PROJECTION^ 

Series B 
Popuiation 

205,456 

219,101 

236,797 

256,980 

277,286 

297,884 

320,780 

347,073 

376,249 

407,379 

440,253 

Calcuiated 
of the Census 

Series C 
Population 

205,357 

217,557 

232,412 

249,248 

266,319 

283,180 

300,789 

320,055 

341,033 

363,191 

385,959 

frora: U.S. 
, Population 

Series D 
Population 

205,167 

215,588 

227,510 

240,925 

254,720 

267,951 

280,740 

293,751 

307,436 

. 321,683 

335,869 

Departraent of 
Estiraates and 

Series E 
Population 

205,070 

214,735 

225,510 

236,918 

247,726 

257,345 

266,181 

275,066 

283,711 

291,893 

299,171 

Commerce, 
Proiections 

(Washington, D.C: Government Printing 
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TABLE 12 

ANNUAL COST OF ENERGY CONSUMED BY INDUSTRY GROUP^ 

Manufactures Millions of Doilars 

Total U.S. $7,691.7 
Primary metal industries 1 637.7 

Chemical and allied products 1,188.3 

Food and kindred products 661.6 

Stone, clay, and glass 637.8 

Paper and allied products 576.8 

Petroleum and coal products 456.9 

Machinery except electrical 356.0 

Textile mill products 284.5 

Lumber and wood products 204.3 

Rubber and plastics 175.1 

Printing and publishing 120.2 

Apparel and other textile products 94.2 

Furniture and fixtures 58.2 

Instruments and related products 55.8 

Leather 34.1 

Tobacco manufacturers 15.0 

Misceilaneous manufacturing industries 58.5 

Fabricated metal products D 

Electrical equipment and supplies D 

Transportation equipraent D 

Ordance and accessories D 

U.S. Departraent of Commerce, Bureau of the Census, 
Census of Manufactures: 1967 (Washington, D.C : Govern-
ment Printing Office, 1968), Vol. I, Suramary and Subject 
Statistics, pp. 197-244. 

Complete figures are not provided by the Census. 
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TABLE 13 

PERCENTAGE OF MANUFACTURING 
COST ATTRIBUTED TO ENERGY^ 

Manufactures % of Total Cost 
for Energy 

Totai U.S. 1^73 

Stone, clay, and glass 5.88 

Chemical and ailied products 4.21 

Primary metai industries 4.06 

Paper and aiiied products 3.32 

Petroleum and coal products 2.41 

Lumber and wood products 2.15 

Rubber and plastic products (n.e.c.) 1.76 

Instruments and related products 1.75 

Textiie mills 1.68 

Furniture and fixtures .96 

Food and kindred products .95 

Machinery except electrical ,95 

Leather and leather products , 84 

Printing and publishing ,78 

Apparei and other textile products ,55 

Tobacco manufacturers ,45 

Miscellaneous manufacturing ,73 

Fabricated metal products D^ 

Electrical equipraent and supplies D 

Transportation equipraent D 

Ordnance and accessories D 

^Calculated from: U,S. Dspartment of Coramsrcs, Bursau 
of the Census, Census of Manufactures: 1967 (Washington, 
D.C: Governraent Printing Office, 1968), Vol. I, Suramary 
and Subject Statistics, pp. 197-244. 

not elsewhere classified. 

^Complete figures are not provided by the Census. 
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TABLE 14 

ENERGY CONSUMPTiON BY VARIOUS INDUSTRIES^" 

Primary Metal Industries Million Kwhr. 

Biast furnaces and steel mills 272,171.1 

Primary aluminum 108,348.8 

Gray iron foundries 27,921.5 

Eiectro-metallurgical 20,474.6 

Copper rolling and drawing 19,609.7 

Primary zinc 17,334.2 

Iron and steel forgings 15,527.6 

Primary copper 13,119.8 

Steel foundries 11,388.9 

Primary metal products (n.e.c.) 8,147.6 

Nonferrous wire drawing 7,127.0 

Aluminum castings 6,590.9 

Maiieable iron foundries 6,459.3 

Primary nonferrous metai (n.e.c.) 5,267.0 

Secondary nonferrous metals 5,107.2 

Rolling and drawing (n.e.c.) 4,478.6 

Nonferrous forgings 3,150.8 

Primary Lead 3,868.8 

Cold finishing of steel shapes 2,802.6 

Steei wire and related products 2,545.9 

Nonferrous castings (n.e.c.) 2,459.7 

Steel pipe and tubes 2,106.4 

Chemical and Allied Products 

Industrial organic chemicais 249,468.2 

Industriai inorganic chemicais 177,257.1 

Alkalies and chlorine 58,280.6 

Piastic materials and resins 34,682.8 

Celiuiosic fillers 30,667.9 

Cyclic intermediates and crudes 30,206.0 
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TABLE 14—Continued 

Chemicai and Allisd Products Million Kwhr 

Organic fibers, noncellulosic 26,722.7 

Industriai gases 17,821.0 

Synthetic rubber 15,832.0 

Fertilizers 13,277.1 

Inorganic pigraents 13,019.9 

Chemicai preparations 12,425.6 

Expiosives 9,580.1 

Pharmaceutical preparations 9,126.0 

Soap and other detergents 5,884.5 

Paints and allied products 5,645.0 

Carbon black 5,109.6 

Medicinais and botanicals 4,204.4 

Adhesives and gelatin 3,641.9 

Gum and wood chemiicais ^,yu-±,u 

Fertilizers mixing only 2,063.6 

Biological products 505.2 

Paper and Allied Products 

Papermiils, except building 148,941.6 

Paperboard miils 125,938.3 

Pulpmills 22,336.7 

Building paper and board mills 11,101.0 

Corrugated and solid fiber boxes 8,272.4 

Paper coating and glazing 4,265.5 

Stone, Giass, and Clay Products 

Cement hydralic 137,521.1 

Glass contamers j ^ , j y . j , y j 

Brick and structural tile 30,051.1 
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TABLE 14—Continued 

Stone, Glass, and Clay Products 

Lime 

Ready mix concrete 

Pressed & blown glass 

Fiat giass 

Minerai wool 

Gypsum 

Clay refractories 

Instructural clay products 

Other concrete 

Concrete block and brick 

Minerais, ground or treated 

Nonciay refractories 

Asbestos 

Products of purchased giass 

Vitreous plumbing fixtures 

Abrasive products 

Ceramic wall and floor tile 

Cut stone and stone products 

M i l l i o n Kv7hr 

2 3 , 0 6 2 . 4 

2 0 , 0 8 3 . 0 

1 8 , 8 2 4 . 0 

1 5 , 6 4 7 . 3 

1 0 , 6 5 4 . 5 

9 , 0 7 9 . 3 

9 , 0 1 7 . 0 

8 , 7 1 3 . 3 

6 , 7 1 1 , 1 

5 , 8 7 1 . 7 

6 , 7 6 4 . 0 

5 , 7 0 4 . 9 

3 , 6 7 8 . 1 

3 , 3 8 4 . 2 

3 , 0 2 8 . 7 

2 , 9 2 2 . 4 

2 , 1 7 5 , 4 

1 , 5 1 3 , 3 

Food and Kindred Products 

Meat packing piants 

Beet sugar 

Fluid milk 

Wet corn milling 

Bread, cake, and related products 

Prepared feeds for animals and fov/ls 

Mait iiquors 

Canned fruits and vegetables 

Soybean oil miiis 

23,128 

21,217 

18,789 

17,711 

13,882 

13,742 

11,911 

10,700 

10,272 
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TABLE 14—Continued 

Food and Kindred Products Million Kwhr 

Cane sugar refining 

Shortening and cooking oils 

Animal and marine fats and oils 

Bottled and canned soft drinks 

Condensed and evaporated milk 

Distiiled iiquor except brandy 

Food preparations (n,e,c,) 

Frozen fruits and vegetables 

Poultry dressing plants 

Creamery butter 

Sausages and other prepared raeats 

Fiour and other grain miil products 

Canned speciaities 

Raw cane sugar 

Cheese natural and processed 

Cookies and crackers 

Confectionery products 

Malt 

Roasted coffee 

Chocolate and cocoa products 

Chewing gum 

Calculated frora: U,S, Departraent of Coraraerce, Bureau 
of the Census, Census of Manifactures: 1967 (Washington, 
D.C: Government Printing Office, 1968), Vol, I, Summary 
and Subject Statistics, pp. 197-244. 

9 

8 

8 

7 

7 

7, 

7. 

6. 

4. 

4. 

4 . 

4 . 

4 . 

3 . 

2, 

2, 

2, 

2, 

2, 

i , 

, 1 5 8 

, 2 9 3 

, 1 0 8 

, 9 9 7 

,904 

, 752 

, 0 3 5 

, 2 5 3 

,820 

,725 

,718 

, 5 8 1 

,564 

/149 

/963 

/926 

,683 

,517 

, 511 

,868 

323 


