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PREFACE AND INTRODUCTION

SoME time ago it occurred to the author that we might
learn much about our various social, economic and politi-
cal problems if, instead of viewing man as “God’s noblest
creation,” we studied human group-behavior with the
same ruthless objectivity with which a biologist might
study the organized activity of an ant hill, or of a bee-hive,
or of a colony of termites. In other words, if we viewed
man as but just another case of social organization in
Nature’s balance, we might hope to discern something of
the fundamental drives that govern our behavior, regard-
less of whether that behavior happened to strike us as
being particularly ‘“noble” or “ignoble.” And with this
thought in mind, the author began an investigation which,
thanks to the help and encouragement of friends, pros-
pered rapidly, as the firm outlines of some very precise
and yet bafflingly simple social laws emerged ever more
clearly from the accumulating data. Since the purpose of
the following chapters is to present the results of this
investigation we shall acquaint the reader at once with a
few of our findings and the nature of our investigation so
that he may know without delay of the general direction
into which we are headed.

To begin, if the reader will consult the census of the
United States for 1930 he will note a very curious rela-
tionship between all the communities that contain at least
2,500 inhabitants. Thus he will find that New York was
first in size of population; that the second largest city had
1/2 as many inhabitants as New York; that the third larg-
est city had 1/3 as many inhabitants as New York; that
the fourth had 1/4 as many; the fifth 1/5—indeed, that
the nth largest community had 1/n as many inhabitants
as New York. This relationship between the size and rank

m
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of our communities in 1930 was quite precise and, we
might add, is one that is eminently simple to express in
mathematical terms: 1, 1/2, 1/3,1/4,1/5, . ., 1/n.

If another example is needed of the type of empiric law
that emerged from our data, we might add that the in-
comes of the United States in 1929 were distributed to
individuals, corporations and other groups according to a
relationship between size and rank that is both quite
precise and quite simple to express in mathematical terms.
For, as far as the data go, the relationship between com-
parative size and rank is again: 1, 1/2, 1/3, 1/4, 1/5,

, 1/n.

Moreover, in the ensuing chapters there will be pre-
sented many more of the same kinds of observations for
many other countries, for we have spared no pains in
increasing the amount of our data to a point where all
doubt will be removed about the nature of the relation-
ship. Since the data can be presented graphically with
great convenience, all our supporting data—no matter
how extensive—will be included in their entirety. Fur-
thermore, because the above-noted simple relationship will
appear as a straight line on graph paper, the only question
that the reader will be asked about any particular graph
is whether or not the line represented is straight. Since
for the answering of this question a straight-edge is the
only mathematical equipment that will be necessary, it is
evident that no previous knowledge of mathematics will
be needed for following our demonstration from beginning
to end.

Of course there will be some instances where the lines of
our graphs will be anything but straight. Indeed, this lack
of straightness in the distribution will probably not aston-
ish the reader after he has noted the names of the coun-
tries for whose data straightness is lacking, and after he
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has learned of the possible meaning of this straightness.
For in addition to presenting an abundance of quantita-
tive data in connection with our formulae, we shall also
discuss at length and in detail the possible meaning of our
formulae in terms of the forces that motivate our activity.
In other words, our demonstration will be interpretative
as well as factual.

Because of the inherent simplicity of the formulae that
describe our data, the interpretation of the data will be
greatly facilitated. Indeed the general nature of the series,
1,1/2,1/3,1/4,1/5, , 1/n, is so venerable in scien-
tific inquiry, and its properties so well known to mathe-
maticians, that much of our thinking has already been
done for us, once we have observed the presence of this
series. Indeed our chief task will be essentially to apply
what we know about the series in general to what we ob-
serve about human organization in particular. And here
again, because of the nature of the relationship, the non-
mathematical reader will be at no disadvantage.

Perhaps the most obvious inference that can be drawn
from the application of our series to the sizes of all com-
munities of a population is that a nation may very well
be a natural bio-social entity, quite comparable, in fact,
to that of a colony of ants, or of bees, or of termites. Fur-
thermore the above series, when equated with national
development, may have what we shall later call a “sat-
uration-point”—that is, a point where, under particular
conditions, a nation may emerge into a quasi dead-center.
And curiously enough, the population of the United States
seems to have crossed this saturation point at about
1930,—that is, at about the time when, by interesting
coincidence, our deep financial and social depression set-
tled upon us, as our social-economic activity became para-
lyzed for reasons that have never been altogether clear.
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Another inference to be drawn from our generalized
series is that the series itself makes sense only as a whole.
In other words, as we either insert fractions within it, or
delete fractions from its midst, the series becomes either
“surfeited” or “deficient.” Hence when nations annex or
cede territory, they may easily bring confusion into our
orderly series of fractions. We shall illustrate the signifi-
cance of “surfeit” and of “deficiency’ in our series with
sets of data for the United States before and after our
Civil War when much was said about the “federated
whole” versus the “sovereign parts.” We shall also present
many sets of data for European countries before and after
Versailles, for we have recently heard much about a
nation’s “Living Space” (Lebensraum), and the “Com-
munity of Destiny” (Schicksalgemeinschaft). Indeed we
may suspect even now that Nature may conceivably be so
fond of the simple relationship, 1, 1/2, 1/3, 1/4, 1/5,

, 1/n, that the social-economic forces responsible for
it will be quite worthy of study in their historical mani-
festations.

Of course we must remember that our own primary
interests are in disclosing as far as possible the basic prin-
ciples and not in discussing any particular manifestation
thereof. For the sake of illustration, or for other purposes
of exposition, we shall discuss many actual cases in recent
and past history; nevertheless, any such discussion of
actual cases will be made solely in order to study the laws
that operate their main-springs. It is for the reader if he
so chooses—to apply whatever we may have found to the
solution of any present-day problems. Though the author
cannot ignore the existence of present-day problems,—
indeed we may see many of these problems emerging from
our data like ever-increasing storms—nevertheless, in dis-
cussing the problems, the author will studiously avoid
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proferring practical solutions, if only because he suspects
that many a reader may well be far more gifted in the art
of constructive statesmanship than he. The role of the
“architect,” after all, remains above that of the “mechani-
cal engineer,” no matter how serviceable the latter may
hope that his principles may be to the architect. To sum-
marize our point of view, then, we may repeat that man
is just another species in Nature’s proverbial balance, and
the United States, for example, just another instance of a
presumable bio-social entity in a world where we assume
that like things under like conditions behave alike. We
shall not occupy ourselves with the problem of whether
the United States should or should not survive as such,
but rather with the problem of the general forces in terms
of which nations do or do not survive, regardless of their
wants.

Because of the nature of our interests, our demonstra-
tion will be governed by the need to present first essentials
first, as we take our trek through the chapters. For us,
the most important feature of human social-economic
organization is that a “nation” is a bio-social entity in the
process of rapid evolution. And in our first three chapters
we shall carefully inspect the possible nature of the forces
that may govern the organization of a national entity.
In this connection we have already made a few prefatory
remarks about saturation and Living Space. But there
still await us the questions of the specialization of labor,
of the mass production of goods, of the economical move-
ment of raw materials through industrial processing and
the like—questions which are apparently germaine to an
understanding of any nation, and ones which we may find
intimately related with the sizes, number and locations of
any nation’s communities. In fact, we may remark even
now that the comparative sizes of a nation’s communities
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may be a very sensitive barometer of much of the social-
economic activity that occurs within that nation.

But now that we have shown what we consider to be
the first essentials of our study, let us continue with our
brief synopsis so that the reader may appraise our entire
investigation in the light of his own interests. Once we
have gained some idea of the possible meaning of a
‘‘national entity” in our first three chapters, then our most
important step will have been taken. In Chapter Four
we shall consider the fact that the earth’s surface is cov-
ered with many competitive “national entities” with per-
haps a certain inevitable cooperation and conflict between
them. In this chapter we shall note the possibly catas-
trophic consequences that may attend the efforts of any
foreign office to impose upon the world a specific ‘“balance
of power” that may contradict Nature’s own balance.
Here too we shall see not only how wars may break out,
but also how peace may arise and continue for generations
with a minimal friction in a conceivable federation of
nations—if we may assume that the final arbiter of the
equilibrium of international forces is neither man, nor
man’s speaking in behalf of Nature, but Nature herself.
Nor does this problem of the natural equilibrium of social-
economic forces appear only in international matters.

Indeed a consideration of international balance in Chap-
ter Four will only lead us in Chapter Five to the question
of intranational balance, where we shall broach the prob-
lem of the distribution of the shares of national produc-
tion to the nation’s inhabitants. In this chapter we shall
present quantitative data for many nations on both sides
of the Atlantic—some with straight lines, others with pro-
nounced bends. These bends will suggest the possible
meaning of such terms as “pre-Revolutionary conditions”
and the like. Furthermore they will introduce one of the
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most curious problems that we shall have to face: the
question of the “greatest ‘good’ for the ‘right’ number.”
This question, which involves the definition of “good” and
of “the ‘right’ number,” may seem academic to us in its
present statement as we ask what may “good,” and
what may “the ‘right’ number” mean in any social-eco-
nomic sense. Nevertheless, and in spite of academic
appearances, we shall later inspect some of the main trends
of history to see if perchance man through the ages has
not been struggling to answer the questions—“what is the
greatest good?” and “who are the ‘right’ number that
shall receive that greatest good?”—as he has proceeded
from one battlefield and massacre to another, from earliest
times right down to the present moment of writing. The
question of the possible meaning of the “greatest good”
and of the “ ‘right’ number,” we shall leave with the
reader for his own answering, if he chooses, for some day
he may be called upon for an answer. And for his help,
we shall point out the possibility of a faint suggestion of
fallacy in the familiar phrase, “life, liberty and the pursuit
of happiness.”

In Chapter Six, the last chapter, we shall turn to the
problem of cultural drives—that is, to the forces that may
govern our fashions, vogues, attitudes and the like. Here
we shall argue against the background of the findings in
our preceding chapters in a field which might be called the
“psychology of economics” or the “psychology of culture,”
if those terms had meaning for us, or of “social humanism.”
In this chapter, as in all the preceding ones, we shall note
whether Nature may not be seeking to conserve energy in
the balancing of her forces, even in respect to the minutiae
of group behavior.
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So much, then, for the chief milestones in the trek that
lies ahead of us.

x Kk ok kX

Of course, in presenting this material, the author has
not disguised from himself a certain difficulty which merits
very frank mention. It is one thing to examine natural
phenomena objectively and dispassionately without any
reference to our ethical or religious preconceptions. But
it is quite another matter to present set after set of quan-
titative data in which are included not only the reader and
the author, but also, in all probability, most of our friends
and relatives. For, after all, we are writing objectively
about ourselves in our capacity of being just another social
animal in Nature’s balance. Furthermore the implications
of our studies, whether expressed or implied, may not be
necessarily altogether happy for us as individuals or as a
nation. In this connection, the author but offers his formu-
lations of national forces for whatever they may be worth.
If unsound, they should be ignored; if essentially sound,
they will probably function whether we like it or not.
Hence, if this volume should accidentally fall into the
hands of a person who has unalterably made up his mind
as to what is absolutely righteous and what absolutely
vicious, or as to who is absolutely virtuous, and who the
reverse, then this would be an excellent moment for him
to lay the book aside.

For, in simple truth, the forces that we are studying
seem to be like those of the rising and falling tides. They
are apparently closely related to the presumed forces of
history—that is, to the forces of war and of peace, the
forces that make for revolutions, that bring an individual
or a group out of obscurity or shunt him or them back into
obscurity again—with little respect for names, or ancestry,
or race, or religion, or for class-membership. Hence, if
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any person should feel that he is exempt from these pre-
sumable forces, then such time as he may spend upon the
following pages will be just so much time wasted, because,
at least as far as we are concerned, we find no exemptions.

We do not mean to imply, of course, that we have by
any means exhausted the field of inquiry, or that our own
methods of study of social phenomena are alone legitimate.
In this connection we might speak briefly of the problem
of method if only to explain what our own methods of
analysis will be; for the nature of one’s findings are likely
to be somewhat determined by the particular methods of
analysis that are adopted.

The most familiar methods of analysis in the social field
are perhaps those of speculative philosophy, in which the
investigator excogitates major assumptions to serve as a
basis for his logical deductions. If the logic of his deduc-
tions is unimpeachable, then the conclusions that he
reaches will be those already contained in his major
assumptions. Whatever the value of this approach may be,
we shall not adopt it.

Another and quite different approach is the objective-
factual, or empiric. Since this will be our approach, let us
inspect its methods more minutely, for in so doing we shall
also be explaining our own methods of analysis.

With the empiric approach, relevant facts are assem-
bled, measured, and compared from some angle in the hope
that significant correspondences, or correlations, may be
found. Upon the emergence of significant correlations,
the observations are compared from some other angle, or
other sets of observations are mustered in the hope of
testing, extending, or refining upon the original correla-
tions, until there slowly develops a body of law. This
objective-factual approach, which we shall use, happens to
be the traditional approach of the exact sciences. The
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approach is one that never lifts its eyes from the observ-
able facts, and never makes a final statement except on
the basis of facts, the validity of which other investigators
may verify by their own independent observation and
measurement. It is true that correlations may be used as
major assumptions from which logical deductions may in
turn be made; but logical deductions of this sort, com-
monly known as working hypotheses, can be viewed as
“law” only if they can be found to conform to, and faith-
fully describe, observable facts. And these “laws” cease
to be valid the moment they are contradicted by newer
or better observations. Hence any such “laws” that we
may propound in the course of the present study will be
no more valid than the facts supporting them, just like
any other empiric “law.” For in this type of inquiry, the
facts of nature constitute the ultimate court of appeal
before whose decision all must bow, including author and
reader.

Our entire analysis, therefore, will consist of the factual
and interpretative; that is (1) the observation, classifica-
tion and measurement of phenomena on the one hand, and
(2) the comparison of sets of data and the construction of
working hypotheses to be tested, together with a consider-
able amount of factual discussion. Since our study consists
of these two types of material, the factual and the inter-
pretative, it is vulnerable to attack both in respect to the
facts and in respect to their interpretation. The reader is
invited to join the author in making just such attacks, both
now and in the future, that the better may be found to
replace the less good. ’

Of course in the presentation of our observations, some
of which are fairly new, we shall not feel necessarily
obliged to segregate all factual material into one portion
of the study, and all interpretative into another. The
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exigencies of exposition will necessitate a gradual develop-
ment of our ideas, in order to avoid confusion. Hence we
shall follow the familiar alternation of induction-deduction,
beginning with the most obvious and well-known, and pro-
ceeding, by easy steps, to the less obvious and less well-
known, measuring as we proceed. Although the problem
of social-economic organization is far too vast and com-
plex to be completely solved in any one study, or by any
one person like the author, nevertheless the present study
does pretend to demonstrate some of the basic first prin-
ciples that are apparently essential to, and inherent in, all
social-economic organization of whatever sort.

However at this point let us remember a very obvious
fact. The general field of “social-economic organization”
has been known under many other names in the past, and
many investigators have been and are still working in this
general field. If a new investigator enters the field (how-
ever the field may be called), he may wish to carry on
from the findings already at hand; nevertheless he is not
obliged to. On the contrary he may elect to examine
nature first-hand from a new angle, measuring and inter-
preting it in the raw from the very beginning. If he makes
no mistakes and if others have made no mistakes, his
findings will tend to confirm the findings of others, once
they reach common ground. Since we shall elect in this
study to examine nature first-hand from a new angle, meas-
uring and interpreting it in the raw from the beginning,
we may expect in due course to confirm some of the find-
ings of others as we gradually emerge into common ground,
though as a matter of courtesy we shall leave it to others
to decide whether their findings are indeed being con-
firmed, except in cases of major priority. But, by the
same token, we may unhappily also have to contradict an
occasional finding as we proceed; hence the reader may
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be called upon to weigh contradictory sets of data and con-
tradictory interpretations. In order to facilitate this weigh-
ing, the author will put at the reader’s disposal a large
number of clear-cut sets of data in support of his con-
tentions.

Furthermore there is another fact that must be made
very clear before we begin. This entire investigation was
possible only because of the help of friends, for whose
kindness the author expresses also here his very profound
gratitude. Among these were the author’s wife, who helped
in the enormous task of compiling data, and a friend who
provided the financial means for some of the compilation
(to be reported in greater detail in a subsequent publica-
tion). Furthermore Professors M. H. Stone and Joseph L.
Walsh of the Division of Mathematics at Harvard Uni-
versity have been kind enough to inspect the quantitative
data; indeed Professor Walsh read certain portions of the
earlier drafts of the manuscript and tendered valued criti-
cism and suggestions. The preparation of the manuscript
and of the charts was considerably aided by a subvention
from the Committee on Research in the Social Sciences at
Harvard University. In addition, there was the encour-
agement and active help of students and other colleagues.
The courtesy of many persons in the Department of Labor
and in the Bureau of the Census in supplying the author
with detailed information made possible an extension of
the scope of our data. And to all these persons is grate-
fully dedicated anything of value which may be found in
the following pages.

Nevertheless the reader has been invited to find short-
comings in the following pages, and to modify the author’s
statements and deductions in the light of his own experi-
ence with these problems. In order to prepare for the
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eventuality of adverse criticism, the author hastens to add
that no person or persons mentioned in this preface have
seen the author’s manuscript in its final redaction. Hence
the author alone bears all responsibility for any error of
whatever sort that may be found therein.

G. K. Z.
Duxbury, September, 1940
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CHAPIERK UNL
The Sizes of Communities as a Measure of
Social Organization

1. PRELIMINARY CONSIDERATIONS

THE PURPOSE of the present study is to investigate (1)
the organized behavior of the individual in reference to
the social group of which he is a member, and (2) the
organized behavior of the social group in reference to the
individuals who constitute it. In dividing our study into
the above two parts, however, we must not imagine that
an individual is neatly divisible into an “individual com-
ponent” on the one hand and a “social component” on the
other, in such a fashion that the one may be completely
isolated from the other. On the contrary we shall find
reasons for believing that the behavior of the individual
member of a social group is governed to a considerable
extent by the laws of the social group of which he is a
member, and that the terms “individual” and “social”
represent but two different points of view of one integrated
field of organized activity. For the want of a better term,
we shall name the principles of this organized group-
activity, as disclosed from our two points of view, the
principles of ‘“social-economics.”

In selecting the term, ‘“social-economics,” to describe
the general problems of our present study, we do not imply
that we are in any sense establishing a new field of inquiry.
We employ the word, “social,” but to indicate that our
chief interests are in the activity of the group and not of
the individual. And we employ the word “economics” but
to describe in advance what will appear to be one of the
fundamental drives of human group-activity: the urge to
save energy in the solution of social problems.

1



2 NaTioNAL UNIiTY AND DISUNITY

Our task, however, is not the invention of descriptive
labels for underlying principles, but the disclosure of those
underlying principles. Therefore let us proceed step by
step with the actual disclosure.

2. AN ORrIieNTING DIscussiON oF INHABITED TERRAIN

With the above preliminaries behind us, we shall make
our first very simple observation, and ask an obvious ques-
tion. It is a matter of common knowledge that in the
United States of America there are a few very large cities
and many small ones. Why should that be true? Let us
orient ourselves in the problem of community-size and
community-number, by noting how one enormous urban
community in a vast rural territory will break into many
communities of smaller size in order to save time and
energy in the transportation of matter through the proc-
esses of production and distribution.

If we concentrate our attention upon the physical ter-
rain of the continental territory of the United States, for
example, and remember the high degree of industrializa-
tion necessary to produce the quantity and quality of
goods to which we are accustomed, we might be inclined
to conclude that it would be necessary to have some com-
munities larger than others, because of the exigencies of
mechanized mass-production. And yet these same exigen-
cies of mechanized mass-production would scarcely seem
to lead of themselves to a few large communities and many
small ones. Indeed we might conceivably have One Big
City in the United States where all the manufacture of all
goods was performed, both for its own needs and for the
needs of the rest of the territory which would be popu-
lated by small rural communities of say five or ten persons
each. The rural communities would supply the raw mate-
rials for the One Big City, and in return would receive
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from it their finished goods. In short the One Big City
with, say, 60 million persons might conceivably manufac-
ture goods from the raw materials provided by the 6 mil-
lion odd rural communities. Could such a fictitious condi-
tion function for long?

The condition of One Big City and millions of small
rural communities could only function if a means of trans-
portation were developed whereby the raw materials could
be transported from the 6 million rural communities into
the One Big City, and whereby the consumable goods
could be brought from the One Big City to all the 6 million
rural communities. Yet it would seem that the instant we
made provision for transportation, we should also simulta-
neously set forces into operation that might well lead to a
whole series of communities of various sizes in place of
the One Big City. For, no matter what means of transpor-
tation were adopted, the moment that the question arose
of transporting raw materials and finished goods with the
minimum amount of energy (or with the maximum
amount of efficiency), that very moment the economy of
moving human beings towards the raw materials would
suggest itself, in order to “save transportation charges.”
Yet the migration of persons towards the raw materials
would tend to break the One Big City into many smaller
ones of various sizes. Let us see why this would be true.

If the One Big City is to preserve its size and perform
its exclusive function of manufacture, then vehicles of
transportation will have to pass between it and each rural
community in order to collect raw materials and to deliver
finished goods. Yet the moment there emerges the desire
to save transportation charges in the movement of goods,
there will emerge also the economy of establishing trading
centers and centers for semi-finishing. For example, in
order to save transportation charges (i.e., expenditure of
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energy) on raw materials, some of the raw materials, like
ores, timber, and so on, might be semi-finished near the
source of supply in order to remove waste-materials as
soon as possible, and these centers for semi-finishing, fur-
thermore, might also become collecting centers for adja-
cent outlying districts. Similarly, in order to save trans-
portation charges, one would hesitate to ship all human
beings, dead or alive, to the One Big City and return for,
say, educational, spiritual, or somatic treatment; it would
save transportation costs to ship doctors, dentists, minis-
ters, school-teachers, lawyers, undertakers, and the like to
settle permanently among the small communities. For by
sending one of these persons out to the rural districts, we
might save the expense of sending hundreds of persons
into the One Big City. If cheapness in transportation is
to be a decisive factor, these professional persons will
settle in greater numbers in the larger rural communities
(our slowly growing trading-posts of semi-manufacturing),
thereby increasing their sizes proportionately, for they
would then not have so far to transport themselves in order
to answer the needs of the people. And with the doctors
and lawyers, and so on, would come nurses and stenog-
raphers, and so on, together with their beauty parlors and
moving picture theaters with attendants; the need would
arise for telephones, electric lights, and all the other para-
phernalia of modern life, with a staff of additional human
beings “to keep things moving.” Hence a number of
these originally 6 million small rural communities would
increase in size, and at the expense, we might imagine, of
the size of our One Big City. In short a few large cities
might arise simply in order to save transportation charges.

But we might arrive at exactly the same conclusion of a
few large cities and many small ones from an entirely dif-
ferent angle: the exigencies of a more effective organiza-
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tion. Let us assume that the territory of the United States
was populated exclusively by small rural families, each
living on its own land and each one producing in the
course of a year enough to satisfy all of its own needs.
That is, each family would make its own shoes, clothes,
food, harness, tools, buildings, fuel, entertainment, and the
like. Is there anything inherent in this situation which
might lead naturally to the growth of a few large commu-
nities at the expense of the many smaller ones?

If the territory of the United States were completely
homogeneous from one end to the other, so that there were
no differences in climate, contour, or mineral content of
the soil, we should perhaps have an optimal condition for
the continuation of the hypothetically equal-sized rural
communities. But in fact the territory of the United States
is not homogeneous in any such sense for there are very
great differences in climate, contour, and contents of the
soil; that is, there are such differences in the terrain, that
in some localities a family might flourish more easily than
in others. Those living in the Corn Belt would be so
greatly favored in the production of cereals and live stock
that a given unit of land would support many more per-
sons than a similar unit in the forests of northern Maine,
or in the semi-arid territory between the Corn Belt and
the Rocky Mountains. But the inhabitants of Maine,
although at a disadvantage in the production of food when
compared with the inhabitants of the Corn Belt, would be
at a great advantage in the production of lumber, or of
water-power. Similarly the inhabitants of the semi-arid
districts might be at a great advantage in the production
of ores, or of petroleum.

As soon as the inhabitants of these various districts
began to pursue the advantages of their particular loca-
tions in the hope of trading their surpluses in exchange for
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their shortages, the entire territory of the United States
could scarcely remain long divided into many small rural
communities of equal size. The successful pursuit of each
of these different advantages would hardly require pre-
cisely the same amount of labor per unit of land, be the
unit an acre or a square mile. One family might spend its
entire labor in keeping 80 acres under tillage, while another
family might graze its stock over 640. To remove ore or
coal from 80 acres might well occupy many families; and
similarly with the numerous other pursuits in the quest of
raw materials. Hence differences in the kind and in the
degree of benevolence of soil-climate-contour are capable
of inducing differences in the density of the population
throughout the entire territory, but only if all persons
pursue the advantages inherent in their locations. With a
mobility of population, less productive districts will be
abandoned for more productive districts as long as these
more productive districts offer comparatively more of the
materials of life for a comparatively less expenditure of
effort. We must remember that this specialization of occu-
pation in conformity with the material advantages of the
terrain is neither morally better nor worse; it is simply
more economical, in the sense that the organization is
more efficient, or more effective. Bands of Indians might
inhabit the same territory, each band gaining its own sus-
tenance from its own locality. We may not say that these
Indians will be less happy in their less specialized and less
efficiently organized mode of life; we may only suggest
that they will receive fewer goods in reward for their
labors.

This specialization of enterprise, conditioned by the
various advantages offered by a non-homogeneous terrain,
naturally presupposes some sort of an exchange of goods,
if only because human beings cannot profitably eat, say,
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lumber and mineral ores. Specialization of enterprise leads
to an exchange of goods, and an exchange of goods leads
to the transportation of goods, and the transportation of
goods leads to the establishment and growth of trading
posts, as discussed above, to the end that larger commu-
nities will arise—the complete process resulting in com-
munities of various sizes and numbers. Of course we are
belaboring this subject of the number and sizes of com-
munities only because number and size is something that
Wwe can measure.

Our real interests are not primarily in the number and
sizes of communities but in the laws governing the con-
servation of energy in the processing of raw materials and
in the distribution of finished goods within a social-eco-
nomic system of organized human beings. We are now but
setting forth preliminary reasons for believing that the
number and sizes of a nation’s urban-rural communities
may reflect the economy with which that nation processes
and distributes its consumable goods. In other words, we
are seeking in the number and sizes of a nation’s commu-
nities a barometer of the effectiveness of the nation’s total
economic organization to the end that a change in the
condition of the latter will effect measurable changes in
the former. Furthermore, by untying with great care this
knot of national social-economic organization, we may
hope to learn how similar though unrelated knots may be
untied.

Thus far we have seen general reasons for suspecting
the possible existence of some sort of economic law govern-
ing the number and sizes of a nation’s communities. Of
course, if there exists any such economic law of commu-
nity-size, we should expect to find its operation revealed
in any accurate set of census data for the communities of
any given nation. Let us, as our next step, see if we do
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actually find any orderly law in the distribution of com-
munities according to size. If we find it, we shall minutely
inspect the implications of the law, in the hope that it
will throw open the door to our entire study of all human
organization of physical energy and materials. For though
the number and sizes of the individual communities of a
given nation may in themselves appear of negligible im-
portance, nevertheless, to repeat, the light they may shed
upon the dynamics of national process may be of funda-
mental general importance, not only in indicating how the
economic problems of a nation may be most readily solved,
but also in suggesting how all related human problems can
best be studied. It will be the author’s responsibility to
make these correlations clear, step by step, as we proceed.

3. TuHE ORDERLINESS OF THE SIZE OF AMERICAN
COMMUNITIES IN 1930

If we examine the census report of the United States for
1930," we find that all cities in the United States are listed
with population, beginning with cities having not less than
2,500 inhabitants, and continuing upwards through the
largest city, New York, with its 6,930,446 inhabitants. As
we inspect the sizes and numbers of these various commu-
nities, we note a very striking orderliness. To illustrate
this orderliness, let us present in Table One below the
reported populations of the fifty largest communities in
the United States in 1930, ranked in the order of decreas-
ing size. Thus in Column I of Table One is the Rank (R)
of each of the fifty communities from the largest, with
Rank 1, through the fiftieth largest, with Rank 50. In

1. Unless the contrary is expressly stated, all census data throughout
our entire study will be taken from the official census reports of the coun-
try and year in question without further bibliographical documentation on
our part.
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TABLE ONE

The fifty largest communities in the United States in 1930, Ranked (R)
in the decreasing order of Size (S), together with the Product (P) of
Rank (R) Multiplied by Size (S).

1 11 I 1 II I
Rank Size Product Rank Size Product
(R) (S) (P=R XY (R) S) (P=R XS

1 6 930 446 6 930 446 26 292 352 7 601 152

2 3 376 438 6 752 876 27 290 718 7 849 386

3 1 950 961 S 852 883 28 290 564 8 135 792

4 1 568 662 6 274 643 29 287 861 8 347 969

S 1 238 048 6 190 240 30 284 063 8 521 890

6 900 429 5 402 574 31 271 606 8 419 786

7 821 960 5 753 720 32 270 366 8 651 712

8 804 874 6 438 992 33 260 475 8 595 675

9 781 188 7 030 692 34 250 678 8 829 052
10 669 817 6 698 170 35 255 040 8 926 400
11 634 394 6 978 334 36 253 143 9 113 148
12 578 249 6 038 088 37 252 981 9 360 297
13 573 076 7 449 088 38 231 542 8 798 596
14 486 869 6 806 166 39 214 006 8 346 234
15 464 356 6 965 340 40 209 326 8 373 040
16 458 762 7 440 102 41 200 982 8 240 262
17 451 160 7 669 720 42 195 311 8 203 062
18 442 337 7 962 066 43 185 389 7 971 727
19 399 746 7 595 174 44 182 929 8 048 876
20 365 583 7 311 660 45 170 002 7 650 090
21 364 161 7 647 381 46 168 592 7 755 232
22 328 132 7 218 904 47 164 072 7 711 384
23 316 715 7 285 445 48 163 447 7 845 456
24 307 745 7 385 880 49 162 655 7 969 095
25 301 815 7 545 375 50 156 492 7 824 600

Column II is presented the size (S) of the population of
each of these fifty largest communities. In Column III is
given the product obtained by multiplying the size (S) of
each community by its rank (R); that is, the product
resulting from multiplying items in Column I by corre-
sponding items in Column IIL
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Now it will be noticed in Column III of Table One that
the product of each community’s size (S), when multiplied
by its rank (R), remains fairly constant. True, the items
in Column III are not precisely the same, but vary roughly
between 5% and 94 millions; later we shall inspect the
possible reasons for this. Nevertheless the items in Col-
umn II vary all the way from about 7 millions to about
150 thousand.” In view of these considerations, we may
say that the size of a city seems to stand in some inverse
relationship to its rank in tHe total population. In short
we have found a correlation, o, correspondence, between
a city’s rank and its size, to the end that its size is roughly
deducible from its rank, and its rank from its size. The
number and sizes of the communities in this total popula-
tion seem thus far to be orderly, and our working hypoth-
esis, stated at the end of the preceding section, seems to
be confirmed by an objective test. Let us now ignore our
previous working hypothesis for a time, and restrict our
attention to an analysis of the total community data of the
United States for 1930.

The question arises whether we should find the same
relationship for all the other 3,000 odd communities of the
United States which had a population of 2,500 or more in
1930. It would be quite cumbersome to tabulate the sizes,
ranks, and products of size-by-rank of all these communi-
ties, hence a simpler device for presentation of the entire
data would be welcome, and happily a simpler devise is
available.

For if it is true for the year 1930 that the rank (R) of
each community in the United States, when multiplied by

2. The variations in Column IIT we shall for the present assume to
be on the whole random and hence ignore, even though, strictly speaking,
there does seem to be evidence of a trend to which we shall refer again
at the end of Chapter IV.
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its size (S) remains constant (C), then we may represent
that fact by the simple formula:

RXxXxS=C

which is an equation, technically known as that of an
equilateral hyperbola. The non-mathematical reader may
ignore this fact, and this formula; he need only look at
Figure I and decided for himself, with his own eyes,
whether (1) the curve drawn is not approximating a
straight line, and whether (2) this curve is not intercept-
ing at the bottom the same angle with which it is inter-
cepting the left side of the figure at the top. If he finds
that this curve is approximately straight, and that it is
including equal angles at the top and bottom, then he has
found that all the communities in the United States with
not fewer than 2,500 inhabitants in the year 1930, when
ranked in the order of decreasing size, follow to a reason-
ably close approximation the formula: R X S = C. The
data are plotted on what is technically called double-loga-
rithmic paper, with size (S) measured vertically, and rank
(R) measured horizontally. All figures throughout this
entire study will be presented on this type of graph-paper;
and for every figure, without exception, the reader, regard-
less of his knowledge of mathematics, will be asked only
one question: is the curve on the figure approximating a
straight line? In Chapter Three we shall inspect possible
reasons for the straightness of this and similar lines; until
that time we shall rely upon the graphical appearance of
the data.

The author, in scrutinizing the curve of Figure I, be-
lieves to see that the curve is indeed fundamentally that
of a straight line and that the line is including angles at
the top and bottom of approximately 45°; he therefore
assumes, as a working hypothesis, that all the communi-
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ties in the United States which were reported by the
Census of 1930 as being populated by not fewer than
2,500 inhabitants do in fact approximate the equation:
R X § = C. Nevertheless the line of Figure I is not
absolutely straight, for it suffers slight distortions in one

Size
n
thousands
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100

1 1
1 10 100 1000
Rank

Ficure I. U. S. A. 1930. Communities of 2,500 or more persons, ranked
in the decreasing order of size of population.
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direction or another throughout much of its length. Yet if
our line is really fundamentally straight, we should inquire
briefly into the nature of some of the possible factors cap-
able of disturbing the fundamental straightness of the line.
This brief inquiry, though perhaps slightly tedious for the
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non-mathematical reader, is an essential step in our analy-
sis, and, if conducted adequately in respect to one typical
set of data, need not be repeated again.

4. Factors TENDING TO DisTURB THE COMPLETE
LINEARITY OF THE RANK-S1ZE RELATION-
SHIP OF COMMUNAL ORGANIZATION

A line may be fundamentally straight and yet never
appear as absolutely straight in any given set of actual
measurements; hence to become certain of the funda-
mental straightness of a given line is frequently very diffi-
cult. The chief reason for the difficulty lies in the possible
presence of innumerable forces that tend to disturb the
fundamental distribution one way or another—that is, for
example, to induce bends in an otherwise linear curve.
Naturally extraneous forces may also disturb orderly but
non-linear curves; if we speak of linear distributions and
of straight lines throughout our present study that it
because our curves are apparently linear.

In order to illustrate what we mean by extraneous
forces and their ability to disturb an otherwise orderly
curve, let us take as an example a very familiar curve
which, incidentally, happens not to be linear. For example,
if we shoot a bullet under “ideal conditions,” its trajectory
will be an orderly curve that is known technically as a
parabola. Nevertheless when one battleship shoots a
projectile at another, the gunner does not automatically
assume that the conditions will be “ideal” and that hence
the trajectory of the intended shot will be a pure parabola.
On the contrary his chief concern may well be in the calcu-
lation of the extraneous forces that will modify the para-
bolic course of the projectile. Although the fundamental
trajectory may be viewed as the curve of a parabola, he
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will allow for air-resistance, for the speed and direction of
the wind, for barometric pressure, for temperature of the
powder, for the course and speed of his own ship and for
that of the target, and such like. And when he shoots the
projectile, its course will very likely not be that of a pure
parabola.

The point for us, however, of the above illustration, of
the projectile is not how the gunner should set his sights,
but rather that a fundamentally orderly curve can appear
in practice as distorted. If we had only the actual trajec-
tories of bullets to judge by, we might well wonder how
we could tell that any trajectory under ‘““ideal conditions”
would be a parabola. Of course, by taking ever more
examples of bullets proceeding under many different con-
ditions, one might become ever more certain that devia-
tions from the parabola resulted from the impingements
of extraneous forces; indeed the multiplication of the sets
of observations is an ingenious device for testing a funda-
mentally orderly relationship. But not until the bullet
proceeds actually under “ideal conditions,” that is, until
all other factors have been removed to the positive demon-
strable knowledge of the experimenter will the line become
a parabola. It is after all the chief, if not only, virtue of
an experimental laboratory that one can there either
remove or control extraneous factors. Of course we, for
our part, cannot move the population of the United States
into an experimental laboratory in order to eliminate or
control extraneous factors; indeed we do not yet know
what the extraneous factors are, or what “ideal conditions”
would be in our community-organization. Our problem is
more like that of the astro-physicist who once and for all
cannot get his astronomical bodies into an experimental
laboratory. Indeed the astro-physicist, faced by the prob-
lem of the remoteness and unwieldiness of his data, learns
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of the laws of his data by studying the conditions under
which his data change. He argues that whatever the laws
of stars may be, the behavior of the stars is a manifestation
of their laws in operation. We shall copy the astro-physic-
ist in his attitude towards his problem. And by seeking the
possible causes of distortion in our straight line, we shall
hope to learn considerably of the forces causing the
straightness of our line. Let us see, now, what can cause
some bends in our line, and what these bends may signify.
We shall proceed from the theoretical to the practical.

a) The Problem of Classifying a Community.

In inquiring into the nature of possible factors disturb-
ing the assumed fundamental straightness of the line in
Figure I, we shall first question the correctness of the data
used for plotting the line; that is, the correctness of the
data as reported by the Bureau of the Census. For our
purposes, the community’s territorial limits must be drawn
at the final outskirts of the community, so that on the one
hand the entire community is included within the commu-
nity’s limits, and so that on the other hand no portion of
any other community is included. Though we ourselves
do not know by what objective means one can infallibly
decide where one community stops and another com-
mences, nevertheless we can plainly see that a mistake in
the delimitation of a community’s district may very easily
introduce a bend in an otherwise straight line. For a mis-
take in delimitation will mean that the community’s size
will be either too large or too small, and hence its point on
our graph either above or below where it should be. In
view of this difficulty of delimitation, may we safely
assume without further thought that the official city limits
for every American city in 1930, or in any other year
were precisely the correct limits in this sense?
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In order to inspect this general problem of delimitation,
let us shift our attention to the census of 1890, where, as
it happens, we have two separate classifications, one made
in 1890 and the other in 1910, the latter correcting the
former. Here we can see the effect upon our straight line
of a “correction” of census data. But first let us inspect
the problem of “correction,” as we commence with the
communities called New York and Brooklyn which were
considered and listed as separate communities in the 1890
census report. In 1898 the two communities were officially
combined into the one official community, New York, and
were so reported in the 1900 census. In short, at one
moment in the course of 1898 they were still two commu-
nities, and at the next moment they were already one.
But can we believe that the social-economic organization
of the once two communities and now suddenly one com-
munity underwent a sudden change at all commensurate
with the gross statistical rearrangement that would appear
in a census for 1897 and 1899 respectively? In 1890 New
York was the largest city, having rank 1, with a popula-
tion of 1,515,301, whereas Brooklyn was the fourth largest
city, with rank 4, and a population of 806,343. Were these
cities to have been joined in 1890, then the first largest
city would have become 2,321,644; the second and third
largest would have remained the same; the fourth largest
city, Brooklyn, would have disappeared and every com-
munity from the fifth largest down would have moved
upwards by one rank. Such a rearrangement could not
take place without entailing the appearance of a bend or
bends, either. in the distribution-curve representing all
communities before New York and Brooklyn were united,
or else in the curve for communities after the union. Both
curves, the one an instant before and the other an instant
after the union, could not be straight. And as we have
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argued of New York and Brooklyn, so too we might argue
about every other community or group of communities.
Though certain communities may be broken into politi-
cally separate cities and even be divided by state lines,
rivers, harbors and so on, like Brooklyn and New York,
nevertheless that does not necessarily mean that some of
these politically separate cities may not belong together in
an economic sense.

Furthermore, in continuing with the Census of 1890,
there is a question as to what territory should be included
in the social-economic domain of the United States in
1890. The Census of 1890 was intended to apply only to
those states already admitted to the Union by April 1,
1890. Two states, Idaho and Wyoming, entered the Union
in July, 1890, and four more subsequently; the communi-
ties in these latest six states were naturally ignored by Act
of Congress in the Census Report for 1890. But are we
justified in assuming that the communities in the Terri-
tories in 1890 were simply non-existent for the social-
economic organization of the United States up to the
instant of their admission to the Union as states; and that
they instantly became full-fledged and completely inte-
grated communities in the organization of the United
States the moment they had been admitted as states?
Obviously it would be absurd for us to make any such
assumption of a total territorial unrelatedness up to one
instant, and then a complete territorial integration the
very moment that the Territories became states. Rather
do we see in this situation a real problem of statistical
classification which, incidentally, though abstruse, is not
therefore necessarily imponderable, as every census bureau
knows.

The above problems of statistical classification and
many others like them confront the census bureaus of
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every nation, and their ingenious solutions can be found
discussed cogently and in full in almost any of the recent
census reports, so that the investigator rarely need be in
any doubt as to the precise nature of the procedure
adopted. Furthermore, as far as the author is capable of
judging, the beautiful work of our own Bureau of the
Census needs no apology when compared with that of
other nations; and it would seem that the citizens of many
other countries are justified in similarly appraising the
excellence of their own census enumerations. Neverthe-
less, with the general advance of all knowledge, the whole
problem of census enumeration has also been solved with
increasingly greater precision and accuracy, to the end that
the more recent census reports are generally more reliable
than the earlier ones.’

In the report for 1890 all those communities in terri-
tories not yet states by April, 1890, were omitted (quite
correctly) from any consideration of the communities in
the United States proper. Furthermore, in respect to those
communities lying within state boundaries, the officially
defined limits of the communities were generally consid-
ered the limits of the communities. This description of the
procedure of the 1890 census report is somewhat superfi-

1. For population-studies of the United States it is profitable to avoid
as far as possible the necessity of consulting census reports eatlier than the
one for 1910. The avoidance of the earlier census reports has been made
the easier by the Bureau of the Census which, with the Census Report for
1910, began reclassifying the earlier census data with great acumen, in
order to bring the earlier census data in line with the better statistical
procedure of later decades. Thus we have for the year 1890 not only the
Official Census Report of 1890, but also the reclassification of the 1890
data in the Official Census Report for 1910. And these two different classi-
fications of the same material will be of great value to us now for com-
parative purposes in our present treatment of the complete linearity of the
rank-size relationship of communal organization.
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cial and is not intended to summarize completely all the
descriptive material in that report which devotes a con-
siderable number of pages to an explanation of its treat-
ment of New England towns alone. Nevertheless our
present brief description of the procedure in 1890 is accu-
rate for the essentials that concern us now, and suffice it to
say that the 1890 data were later corrected. In the Official
Report for 1910 are presented not merely the populations
of all communities in the United States in 1910 with popu-
lations not less than 2,500. For each of these communities
is given also (1) its population in 1890 and (2) its popu-
lation in 1900. The author incidentally has taken as the
best available material for 1890 (and 1900) the corrected
data for these years as presented in the 1910 Census
Report.’

Now the effects of the reclassification of the 1890 census
data appear graphically in the two curves presented in
Figure II. The one curve (A) represents the census data
for 1890; the other curve (B) represents the census data
for 1890 as reclassified in the Census Report for 1910.

1. Nevertheless, strictly considered, the figures for 1890 and 1900 as
presented in the 1910 Census, though perfectly legitimate from the view-
point of the Bureau of the Census, are not entirely above reproach from
the viewpoint of our needs. It would have been better technique to have
presented the comparative data for all communities in 1890, 1900 and
1910, which, in any one of these three moments of census, had a popula-
tion of 2,500 or more. For it is quite possible that there were communities
of 2,500 or more in, say, 1890, which, because of a subsequent loss of
population, failed to muster the prerequisite 2,500 minimum in 1910
necessary for inclusion in the reclassified list. We mention this short-
coming but to show that we have not entirely overlooked it. On the other
hand, by way of qualification, we must also remember that in view of the
general population increase in the United States between 1890 and 1900,
the number of actual instances of population-decrease in individual com-
munities was probably statistically completely negligible. For -all intents
and purposes, then, the reclassifications in the 1910 Census Report, and
later reports, are substantially correct.
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As we scrutinize the two curves of Figure II, we note
that the curve (B) for the reclassified data approximates
a straight line much more closely than the curve (A). We
may be inclined to conclude, therefore, that possible devia-
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Ficure II. U. S. A. 1890. Communities of 2,500 or more persons, ranked
in the decreasing order of size of population.

A: as originally presented.

B: as “corrected” in 1910.

tions from a hypothetical straight-line in any set of census-
data may be conceivably ascribable in part to the method
of classification used and to the delimitation of territorial
boundaries and of community-limits. In the present case,
for example, we find a single set of data reclassified later
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according to what is intended to be a more accurate statis-
tical technique in the opinion of the Bureau of the Census,
and we find also that the reclassified data approximate a
straight line much more closely. There is no indication
that the intention of the Bureau of the Census, in present-
ing the data again for 1890 in the 1910 Census Report,
was primarily to make them follow more closely a linear-
distribution. We may only suspect that linearity in the
size-number of communities may somehow be implicit in
the very existence of “correctly” enumerated communities
in a “total population,”—a suspicion that we shall later
find confirmed.

But before we continue with our analysis of community-
populations of the United States, it would be well for us
to test our hypothesis of linearity in similar but non-
American data, lest we believe that the United States has
any monopoly on this linearity.

b) The Linearity of the Rank-Size Relationship
of Community Organization in Canada.

We have noted in our above census-data that great
masses of human beings have not behaved according to
random chance in respect to congregating with one another
in communities, at least as tested at moments of counting
in 1890 and 1930 in the United States and as described
according to the latest and best available classifications.
On the contrary in each case the communities have been
found distributed with a fairly high degree of approxima-
tion according to the general formula R X § = C, a
formula which appears in both sets of data, in spite of
the forty years of growth and development intervening
between 1890 and 1930.
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Yet if this correlation between the ranks and sizes of
communities be fundamentally true and inherent in human
organization, we should expect to find it elsewhere, once
the conditions are the same as those prevailing in the
United States in 1890 or 1930. Though we cannot hope
to find a precise duplication of our conditions elsewhere
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Ficure III. Canada 1881-1931. Communities of 1,000 or more persons.
ranked in the decreasing order of size of population.

and therefore may not expect to find a precise duplication
of our curve of distribution elsewhere, nevertheless we may
learn of the general implications of our hypothetical linear
equation by studying other non-related sets of data.

In Figure III are presented the data for communities of
1,000 or more inhabitants in Canada as reported by the
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official Canadian Censuses for 1881, 1891, 1901, 1911,
1921 and 1931 together with the main part of the United
States’ data for 1930, already presented in Figure I and
included for the sake of comparison.

We notice in Figure III that the Canadian communities
likewise follow in general a straight line, descending from
left to right at about 45" in a manner similar to that of
the United States’ data. Though all the curves vary, they
seem to have this in common: (1) they all approximate a
straight line, and (2) they all have the same slope. Hence
our hypothesis of the equilateral hyperbola is being empir-
ically ever more confirmed.

But we also note that the Canadian data have more
bends than the American data, particularly in the earlier
Canadian censuses. As Canada developed with passing
years, the bends tended ever more to recede while the
basic straight line appeared ever more clearly. Hence we
may perhaps infer that the forces that tend to cause the
size-number-community relationship to approximate a
straight line were already present and operating in Can-
ada in 1881, and continued to operate with ever greater
efficacy through 1931. We do not yet know precisely what
these forces are. But in the light of our previous, orienting
discussion, we may believe that from 1881 through 1931
in Canada, raw materials have been transported ever
more economically through sets of conditions. This in-
creased economy may have been effected by shortening
distances (by the institution of bridges, tunnels, better
roads, navigation services on lakes and harbors) or by
otherwise increasing the economy of transportation (e.g.,
better railroading, etc.) or by the specialization of occu-
pation and by an increased mass-production,—or all these
factors together. In short, much of the social-economic
history of Canada in terms of dynamics and in relation to
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American economics may well stand decipherable in our
Figure III. Yet future detailed deciphering will not be
less easy or accurate if we first explore the general impli-
cations of our hypothetical linear equation. For later these
bends in our straight line, like the bends in the parabola
plotting graphically the trajectory of an actual bullet, may
be very instructive, if properly interpreted, in disclosing
the presence, nature, and strength of other forces resisting,
or impinging upon a most economical social organization.

Let us, in fact, continue our study of the significance of
bends in our hypothetically straight line by at once asking
what the implications would be if an absolutely and invar-
iably straight line always appeared for the sizes of com-
munities of every census of every nation at any time.
Though the question sounds foolish, the answer will be
instructive.

¢) The Meaning of Absolute and Invariable Linearity
at All Times in All Places in Respect to Commu-
nity-Size. ‘

The lines representing the distribution of communities
in the United States and Canada hitherto presented—
eight lines in all—are not absolutely straight, but partially
bent. Since we do not know what any of these bends may
mean, let us inquire into the significance of an absolutely
and invariably straight line for community-distribution at
all times and in all places. For example, what might we
conclude if we found that all six lines for Canada from
1881 through 1931 were as straight as if drawn by a
straight-edge, and sloping precisely at an included angle
of 45°? Since the contours of these lines would but reflect
the actual sizes and numbers of the communities of
Canada, we need only to inquire into the numerous factors
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that can increase or decrease the sizes and number of com-
munities in order to note what may alter the contours of
our lines. Indeed the sheer enumeration of some of the
factors that can alter the size or number of communities
in any population will suffice to show the grotesque
absurdity of expecting to find an absolute and invariable
linearity at all times in all places in respect to community-
size.

Inasmuch as the death of inhabitants may alter the sizes
of communities, and since the death-rate depends upon
the emergence of disease or of the occurrence of accidents,
the persistence of absolute and invariable linearity would
evidence a remarkably accommodating death-rate. Simi-
larly with the birth-rate. Furthermore since the number
and sizes of communities depend somewhat upon the
amount, location and availability of natural resources, our
absolutely straight line would force us to draw a curious con-
clusion in respect to natural resources. Thus, for.example,
the devastations of forest fires, in fact the discovery of new
natural resources and the exhaustion of old ones, or any
alteration in manner, kind, or degree of natural resources
would all tend to alter the sizes and number of communi-
ties. If, in spite of these various influences upon the sizes
and number of communities, we invariably discovered at
all times an absolute and invariable linearity, we should
be obliged to conclude that any occurrence which might
alter the sizes or number of Canadian communities would
be automatically and instantaneously compensated for by
a change in the opposite direction.

Let us carry the argument of absolute and invariable
linearity to a complete absurdity. Since (1) all changes in
birth and death rates, and in the amount, the location, and
the availability of raw materials, and in the nature of the
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seasons, and so on, are to a very great extent the effect
of biological, geological, and physical forces operating
throughout the whole planet and beyond, and (2) since the
number and sizes of communities in Canada depend at
least to a considerable extent upon these biological, geo-
logical and physical factors, then (3) it would follow from
the appearance of an absolutely and invariably straight line
of community-distribution at all times in Canada, (4) that
the universe and all its laws always have been and still are
so constructed and organized to make life very comfortable
for the census-enumerators of the Dominion of Canada.
Hence the absurdity of an absolute and invariable linearity
is apparent.

In general, then, a fundamentally straight line may have
bends, and these bends, to repeat, are potentially instruc-
tive about the nature, number, and strength of forces act-
ing upon the fundamental straightness of the line and dis-
turbing it. In the absence of an absolute and invariable
linearity we may not argue that the distribution is not
subject to the influence of extraneous forces from the rest
of the universe. Nevertheless, in the presence of repeated
cases of clear approximations to linearity in the sizes of
communities, we may indeed ultimately conclude that the
entire universe is so organized that the linearity of com-
munity-distribution may indeed emerge ever more, as dis-
turbing forces are removed and decreased ever more. The
sources of the bends in our curve constitute for us, then, a
vital problem, to which we now turn our attention for the
rest of the chapter in broaching the general topic of the
nature of forces disturbing social-economic equilibrium, as
reflected in the size and number of communities in a given,
homogeneous population, inhabiting one integral territory.
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But what do we mean by “a homogeneous population”
or “an integral territory”? What determines the limits to
a social-economic system?

5. THE HOMOGENEITY AND HETEROGENEITY OF
PoPULATIONS AND TERRITORIES

Let us now inspect the whole question of “homogeneity
of population” and ‘“‘integrality of territory.” Since we
have been treating the bends to our curve, let us continue
therewith, and ask what types of bends will inevitably
appear simply from the way we are ranking our data, and
what kinds of bends may never appear, regardless of the
formula, R X S — C, to whose consideration we shall
very shortly return.

a) On possible Bends (or Slopes) in ranking Data
according to decreasing Size.

In ranking our communities from left to right on our
chart-paper according to decreasing size, we have already
greatly restricted the possible shape of any line as well as
the type of bends that may appear. Let us see what these
restrictions are.

The first effect of plotting rank-size from left to right
according to decreasing size is that the lines connecting
adjacent points from left to right may never bend upward
from the horizontal. For if a line bends upwards from left
to right above the horizontal, that would merely indicate
that we had incorrectly ranked our communities accord-
ing to decreasing size. For example, if the point on the
graph-paper for a community of rank 10 were higher than
that for rank 9 in a given population, this fact would
signify that we had incorrectly ranked communities 9 and
and 10 in respect to one another, since in ranking our
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communities in the order of decreasing size, we may never
place a smaller size before a larger size. Hence, in view
of the manner in which we are using our data, a line bend-
ing upwards from left to right is simply out of the ques-
tion. But may we therefore say that our line must neces-
sarily always bend downwards? Let us see if it cannot be
horizontal in part.

It is altogether possible that two communities, A and B,
in a given population will be precisely equal in their size
of population. Hence the line connecting the points repre-
senting A and B will be horizontal. Therefore, there is
nothing in our method of ranking communities according
to decreasing size that will preclude the appearance of a
horizontal bend. If all communities in a given population
were precisely equal in size, the line connecting their points
would be horizontal throughout. To summarize: except
for the possibility of horizontal lines, all lines must bend
downwards, from left to right, below the horizontal. And
yet, we might add that, no matter what happens, there
can be no downward bend that is completely vertical. Let
us now see why a vertical slope is impossible.

Since the slope of any line connecting the points of any
two adjacently ranked communities is determined exclu-
sively by the comparative sizes of the two adjacently
ranked communities, any downward slope, from left to
right, would seem to be quite possible in an endless series
of ranked communities, except an absolutely vertical line.
An absolutely vertical line would imply that two commu-
nities had the same rank. Since every community has its
own rank, in passing from left to right, and since our line
is but connecting the points representing the sizes of com-
munities, a vertical slope is impossible. To repeat: Two
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communities may have the same size, but not the same
rank; hence a horizontal slope is possible, but not a ver-
tical.

To summarize: Any angle of slope may appear graph-
ically in our census data, now or later, from and including
a true horizontal (of zero slope) downwards (from left to
right) to but not including a true vertical. Let us express
this summary in more simple terms for the non-mathemat-
ical reader. If the reader takes a rectangular piece of
paper, a ruler and a pencil, and if he lays one end of the
ruler at the upper left-hand corner of the paper, then any
straight line that he draws from the upper left-hand cor-
ner may appear theoretically as a bend in a given rank-
size-community-distribution, except the vertical (i.e., the
line drawn from the upper left-hand corner to the lower
left-hand corner). Technically, only zero and negative
slopes are possible, with no “infinite slope.” Within these
limits there are an infinite number of possible slopes. The
probability of the random appearance of a straight line,
as in Figure I, is very remote.

But in addition to the above-mentioned restrictions,
there is another restriction upon our line which appears
automatically because of the way we are arranging our
data.

b) The Restriction of Non-Fractiona! Rank, and the
Nature of a Harmonic Series.

According to our manner of ranking our data, there may
be a 1st largest, a 2nd largest, a 3rd largest, an nth largest
community, with each community having its own size; but
there may be no 1}th largest, nor 14th largest, nor 13ths
largest community, nor any community of fractional rank;
in fact, a fractional rank would be unthinkable, in the
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manner with which we are arranging our data. But if we
may not have a fractional rank, we may not use as final
our equation for a hyperbola: R X § = C. For, accord-
ing to this equation for a hyperbola, an infinite number of
fractional terms may be substituted for R between the
ranks of 1 and 2, or between any other ranks. In other
words, our equation above is continuous from zero to
infinity, positive or negative, whereas the data it is in-
tended to describe are most certainly not continuous in
any such sense. Hence if we wish to find a more accurate
formula, we must find one that will preclude the possi-
bility of fractional ranks. Let us relate the appearance of
bends with the question of non-fractional ranks as an
expeditious device for finding the new formula.

Since the lines on our graph paper are drawn but to
connect adjacent points, ranked in the order of decreasing
size, the entire curve as we proceed from left to right, may
change its slope only at a change in rank. Since our ranks
cannot be fractional, they are always integral; hence our
curve may change its slope only at integral numbers of
the x-axis. Thus the curve may change its slope at the
rank of 2, or 19 or 127 or 1,000,001, or at any other non-
fractional number for which there is a community, but at
no fraction. To make a long story short, the size of R, and
also of S, must always be positive and non-fractional. In
view of these several restrictions, a more refined formula
is necessary, and happily the more refined formula is also
the simpler formula. We may derive it from the previous
equation without the introduction of additional data, if
we remember first that the rank of any American commu-
nity, when multiplied by its size, remains constant, and,
second, that every rank must be a whole number.
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Since the rank of the largest community is 1, and since
the product of its rank by its size (S) is the constant, C,
then the size of the largest community is also the size of
the constant; for we have but said: 1XS;=C, in which S,
designates the size of the community of rank 1. In the
United States in 1930, New York was the community of
rank 1; hence its size, 6,930,446, is the size of the constant
(approximately). If we wish to find the size of any other
community in the United States in 1930 whose rank we
know, we need but divide the size of the largest community,
New York, by the rank of the community about whose size
we desire information. Thus the size of Pittsburgh, the
10th largest community in 1930, would be 1/10th the size
of New York, or theoretically 693,000 (actually 669,817).
In short, referring to Table One, some pages previous, we
are but dividing C by R in order to find S; that is, we are

. C
but using the transposed equation: S =% And as we have

argued about Pittsburgh, the 10th largest community in
1930, so too we may argue about every other American
community, if we but know its rank; for its size will be the
result of dividing the Constant by its rank.

Now if we represent the size of the largest community as 1,
we can represent the size of the nth largest community as

1 ]
o Furthermore we can rank the sizes of the first » com-

munities by means of the following harmonic series:

1.1 11 1
’2’3’4)""’n'

When actual values are substituted for these fractions (or
proportions), and plotted graphically, the lines connecting
these points will yield a single straight line, as we know,
descending from left to right at an angle of 45°, as previously
described. Henceforth, in the interest of clarity of exposi-
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tion, we shall call this straight line with this 45° slope, the
standard slope. And we may say at once, that any bend in
the line, at any integral rank or ranks, away from the
standard slope, will represent an increase or decrease in the
size of at least one of the fractions in this series, subject to
the restriction, of course, that the change in the size of any
fraction may not be so great as to make it larger than that
of the preceding, or smaller than that of the following frac-
tion, since rank is always according to decreasing size.

Once we use the above harmonic series as a standard of
comparison for our community-population studies, we have
greatly facilitated our investigation, and for two reasons.
First, we can have only positive ranks, and positive sizes,
with changes in slope possible only at integral ranks; in
short, the formula of a harmonic series eliminates the
shortcomings of that of the equilateral hyperbola, origi-
nally presented. And second, by studying the properties
of a harmonic series, we automatically and in the simplest
manner study also the properties of community-popula-
tions, insofar as their distribution is that of a harmonic
series. The harmonic series, eminent alike for simplicity
and venerable reliability in this universe, will rapidly give
us the desired information about homogeneity of popula-
tions and territories, once we set it in an equation, as we
shall now do.

c) The Properties of a Harmonic Series in Respect
to Bends; Saturation, Surfeit and Deficiency.

As soon as we succeed in reducing the problem of com-
munity-sizes to that of a harmonic series we have taken an
enormous stride forward in our analysis, because all the
established properties of a harmonic series will apply auto-
matically to the number and sizes of communities. Let us
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now briefly inspect at the outset some of the more obvious
properties of a harmonic series. To fortify the patience of
the non-mathematical reader to face what in fact is but very
elementary arithmetic, we might add that this simplest of
all series happens to be one of fundamental importance
in organization.

Let us refer our harmonic series to the problem of com-
munity-size. If a population contains a given number, #,
of different communities (#» may be a thousand or any other
number the reader will), and if these communities differ
in size according to the proportions of a harmonic series,
then, obviously we can represent our entire urban population
as the sum of these harmonically seriated fractions, thus:

Urban Population=1+31+3+. . .+;}.

Let us say by way of definition that whenever the com-
munities of a nation follow the proportions of a harmonic
series, that nation is in a condition of saturation (cp. Chap-
ters Two and Three).

Now the question arises of how we might add to, or sub-
tract from, a total urban population without destroying
the nature of the harmonic series involved. Let us, in fact,
inspect this question of addition and subtraction, which will
immediately reveal the meaning of all bends in our curve
and will permit a very precise definition of the term, homo-
geneity of population, as well as that of integrality of territory
in a social-economic sense.

If we wish to add to our harmonic series, without destroy-
ing its fundamental proportions, we can do so only by in-
creasing the number (n) of the fractions at the smaller,
right-hand, end of the series. This being obvious, let us
note now what will happen if we arbitrarily add some frac-
tion, say 1%, that is alien to the series, as we rank it within
the series according to its size, thus:
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Urban Population=1+3+5+E&+14+31+. . .+$

With the addition of this alien fraction, the succession of
members no longer represent a true harmonic series. For
the want of a better term let us call our above series surfeiled,
to suggest that there is an alien member in it. In order
to normalize our series again we should have to remove
the alien fraction, %, and break it down into small, har-
monically seriated fractions to be added at the extreme right-
hand end of the series. We might use the term digestion to
describe this manner of normalization.

Yet how would the presence of the alien member, %, be
revealed graphically? Since a normal harmonic series
descends from left to right at the standard slope of 45°, it
follows that a surfeited series will show a bend upwards
from this slope as it comes to the rank of the alien member.
In Curve A of Figure Four below we see the bend upwards
from the harmonic slope at rank four of the above equation.
In general, then, we may suspect that upward bends (i.e.,
convexity upwards) from our standard slope of 45°, will
signify the presence of a member or members alien to our
harmonic series. In short, tendencies towards upward con-
vexity indicate a surfeited series. So much, then for addi-
tions to our series.

The same caution must be used in subtracting from our
series. If the series is to be kept intact, the only possible
subtraction is a removal of fractions from the right-hand end
of the series. If we remove some fraction from within the
series, say, the fraction 1, then our series will become

Urban Population=1+3+3+3+3+. . .+’—1'.

In this case our series can be called deficient. The absence
of the member will appear graphically by an abrupt bend
downwards (i.e., convexity downwards) below the standard
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slope at the place of the absent member, as can be seen from
Curve B of Figure Four where the above equation is plotted.
In short a downward convexity indicates the absence of a
member or members from a harmonic series.
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Ficure IV. Conditions of Surfeit (A) and of Deficiency (B) in Harmonic
Series.

To summarize, if we call the condition of a pure har-
monic series saturated, then the presence of alien members
makes it surfeited, and the absence of essential members
make it deficient,—simply by definition.
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But let us now pause for a moment and briefly note the
implications of these terms in respect to communities.
Obviously if the communities of the United States are in a
saturated condition, then any secession of territory with
communities will result in a deficiency, manifested by
bends that are convex downwards. By the same token, any
annexation of further territory with communities will
result in a surfeit, manifested by bends that are convex
upwards. From this preliminary analysis of the origin of
bends, we can perhaps already appreciate their ultimate
importance for social-economic studies. Even now we
perhaps can sense the appropriateness of quoting to all the
belligerents of the present European war, the following
familiar fact:

They are as sick who surfeit with
Too much as they who starve with naught.

And in a later chapter we shall see how nature in a love of
balance may at present be engaged in restoring more nearly
a condition of saturation in the territory of Western-East-
ern Europe as well as in that of much of the rest of the
earth’s surface.

But let us continue our inspection of the implications of
a harmonic series. We have seen what deficiency and
sur,/eit mean, and have observed, if only cursorily, their
possible bearing upon the secession and annexation of ter-
ritory. We shall now study some of the consequences of
saturation itself.

d) The Homogeneity of the Whole and the Hetero-
geneity of the Parts. The UNITED STATES
versus the United States.

It is one of the properties of a harmonic series that the
component members of the series cannot be divided into
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two or more subsidiary harmonic series. The reason for
this is quite obviously the simple fact that each fraction
occurs only once in the series and is essential to the series.
But what are the implications of this non-divisibility of
the series for the territory whose communities follow the
series?

If the number and sizes of communities of a given piece
of territory, say, for example, that of the United States,
constitute a saturated harmonic series, then we may say
that the given piece of territory belongs together, or is. by
definition, homogeneous as an integral whole in respect to
its human communal habitation. Regardless of how the
territory is bounded, or cut to pieces by rivers, lakes, or
oceans, it is komogeneous in respect to its human inhabi-
tation if its communities follow a harmonic series in their
sizes,—by definition.

Inasmuch as a saturated harmonic series cannot be
broken down into subsidiary sets of saturated harmonic
series, it follows that if the whole territory is homogeneous,
the parts cannot be homogeneous. The same holds true in
the reverse. If one or more parts of the territory are homo-
geneous, then an aggregate of these parts cannot be homo-
geneous. The importance of this statement for national-
international relations can be sensed even now. For, when
we later define a national entity in terms related to a har-
monic series, we can expect to find (Chapter Four) that
the arbitrary splitting up of national territories, as
occurred at Versailles in 1919; or the arbitrary aggrega-
tion of territories, as has been effected by England in the
course of her empire-building, can each lead to highly
unstable conditions in which the traditionally assumed bal-
ance of nature can reassert itself suddenly with almost
explosive force. Nevertheless we need by no means depart
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from our present study of the United States in order to
understand the meaning of the homogeneous whole and the
non-homogeneous parts.
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Figure V. Seven States (U. S. A.) 1930. Communities of 2,500 or more
persons ranked in the decreas.ng order of size of population.

If the United States can be considered approximately
homogeneous as a whole, then its forty-eight constituent
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states cannot be homogeneous parts. In Figure V we pre-
sent the distribution of communities larger than 2,500 and
ranked in decreasing order for each of the first seven states
selected alphabetically from Alabama through Delaware.
The purpose of this figure is to show how extreme the
degrees of surfeit and deficiency of these seven typical
states can be. Obviously few if any of these seven states
would seem to represent a saturated series. Nevertheless
these seven states plus their remaining forty-one sister
states, with all their individual non-homogeneity, add up
beautifully into a homogeneous whole of high order. In
other words, the social-economic meaning of the individual
states in respect to our barometer of community-size is lost
in the social-economic meaning of the whole country. We
can readily imagine that any attempt to interpose fixed
customs boundaries between all these states today might
cause economic duress in all of them. In short, were our
states suddenly to become sovereign and independent from
one another, with the result of a complete Balkanization of
our territory, we should perhaps understand soon enough
the meaning of the assumed forces of human organization
of which the law of community-size may be a barometer.

Of course, in the development of the United States since
its Declaration of Independence we have had a serious
controversy between the proponents of the Federal Whole
and those of the Sovereign States. So severe was this con-
troversy at one time that the total social-economy of the
United States broke out in savage Civil War. Let us see
how the pre-Civil War and post-Civil War periods appear
graphically in their effect upon our barometer of commu-
nity-size. This study of the development of the United
States as a whole will be of great value to us in all our
future chapters, for it will be but a typical case of the
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unification of a country in terms of its human organiza-
tion, and will explain much that has happened recently in
many parts of Europe.

6. THE DIsTRIBUTION OF COMMUNITIES ACCORDING TO
Size DUrRING THE DEVELOPMENT OF THE
UNITED STATES, 1790-1930

As we turn our attention now to a study of the distribu-
tion of communities in the United States from 1790
through 1930, we may state at the outset that if each of
the thirteen original American colonies were homogeneous
the moment before they founded the United States, then
the United States was not homogeneous, at least during
the first moment of its existence. Unfortunately the author
does not have the necessary confidence in his abilities to
handle the extremely early and faulty census data of colo-
nial times; hence he passes over the question of whether
the original colonies in their later days previous to the
Union were or were not individually homogeneous. The
community-distribution in the colonies, though of great
interest, is by no means essential to our present discussion;
therefore we restrict our attention to the distribution of
communities in the Union.

In Figure Six are presented graphically data for the
community-distribution in the United States from 1790
through 1930 at decennial periods. Before discussing the
curves there plotted, let us discuss the reliability of the
data there represented, for some of the sets of data are
more reliable than others. In fact our data fall into three
different groups in respect to completeness and reliability.

The most reliable data are those for 1890, 1900, 1910,
1920, and 1930, that is, for the five upper curves. These
data were all taken from the Census Reports for 1910 and
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after; in a previous section we have described our reasons
for using later census material for the 1890 census, and the
same reasons, mutatis mutandis, apply to that for 1900.
The data for 1910, 1920, and 1930 come from their respec-
tive census reports. We might add that insofar as the author
has checked these data from the official census reports with
those published in the World Almanac he has found the
correspondence practically perfect; he mentions this but
to suggest that recent census data can be found elsewhere
than in the official census reports themselves.

The next most reliable data are for the years 1840
through 1880. In recent official census reports the Bureau
of the Census has presented the populations and names of
the fifty largest cities, ranked according to decreasing size,
for decennial periods commencing with 1840; this infor-
mation is the source of our data for the fifty largest com-
munities in the community-distributions for 1840-1880. In
addition to these data there is information given as to the
number of communities, say, between 2,500 and 5,000,
5,000 and 10,000, 10,000 and 25,000, 25,000 and 50,000,
and above 50,000 inhabitants. The author has used this
information to estimate the approximate ranks of the com-
munities at 50,000, 25,000, 10,000, 5,000, and 2,500, where
necessary, and in the following fashion. The number of
communities having a population larger than 50,000 would
be the rank of the community nearest to 50,000 inhabitants;
thus if 100 communities had a population greater than
50,000, then the community of Rank 100 would have about
50,000 inhabitants. To this rank of 100, which would be
indicated on the chart by a circle, is added the number of
communities between 50,000 and 25,000, with the resultant
sum being the rank of the community nearest to 25,000
inhabitants; thus, if there are 500 communities between
25,000 inhabitants and 50,000, and 100 communities with
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more than 50,000 inhabitants, then the rank of the commu-
nity of approximately 25,000 inhabitants would be 600.
And so on cumulatively down to and including 2,500. Since
it is essential that the reader understand this manner of
evaluating incompletely articulated data, we present, for
purposes of illustration, a hypothetical table (Table Two).

TABLE TWO

Theoretical Data Illustrating Method of Ranking Incompletely
Articulated Data

THE CUMULATIVE METHOD OF RANKING

Sizes of Communities

Ranks Number of Communities (in Population)
1-100 100 50,000 and above
101-600 500 25,000 to 50,000
601-1600 1000 10,000 to 25,000
1601-3000 1400 5,000 to 10,000
3001-5000 2000 2,500 to 5,000
Total 5000

Thus we see from our theoretical Table Two that 5,000 is
the rank of the community nearest 2,500; that 3,000 is
the rank of the community nearest 5,000; that 1,600 is the
rank of the community nearest 10,000; that 600 is the
rank of the community nearest 25,000, and that 100 is the
rank nearest 50,000. We shall call this the cumulative
method of ranking as we use it repeatedly in the following
pages and chapters. We plot the above ranks and sizes,
circumscribing the point with a circle to indicate its approxi-
mate nature; we connect adjacent approximate points with
straight lines to help the readers’ eyes in estimating how
the points fall. True, thi